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Slate 


SLATE, Argillaceous Sr hi /l us and Argillite of Kirwan ; 
Clay (late , Jaincfon ; Thonfch'ufer, Werner ; Schifle Argi 
lrn\\ Fr. ; in Mineralogy and Geology , one of the great 
rock-formations compohng the emit of the globe, of which 
roof-flate is a well-known variety. The flat y or (chiftofe 
Itru&urc is miiunon to numerous rocks, which differ from 
each other, both in their geological pofition and condi- 
ment parts; hence we have a great variety of flate-rocks, 
ainongft rocks which have been denominated primary, 
tranfition, and fecoiulary. (See Rocks.) Tin* term 
Hate appears to have a more appropriate meaning, when 
reflected to thofe rocks which, in their cornpofition and 
ilnidlnro, arc mod nearly allied to roof-flate or the clay- 
flate of Werm r. 

The molt common colours of flatc are a yellow! di-grey, a 
greenifh-grey, or a dark-blue or purple-grey : fotnc varie- 
ties incline to a red, and others to a black -grey. Slate of 
the mod perfect kind has a gliltening hiflre. It pafles by 
gradation into mica-flate in the rocks called primary ; and 
in rocks conlidercd as fccondary, it pafles into fl ate -cl ay or 
(hale. 

'Fhe llrufUire of flate-rocks cn majfr is tabular, tin* fmall 
ftrutturc laminar, the cleavage of the lamina: being parallel 
with the tables ; hence (late has been icprefented by fome 
geologilts a', mod diltinctly flratified ; and the flaty cleav- 
age is laid to be always parallel with the drata ; but this 
wc believe to be a rniftakr, anting from confounding the 
divifions or joints of the tabular mafles with the inclination 
of the bed . In the flate-quarries of Wedmoreland and 
Cumberland, we have invariably obferved the tables or divi- 
fior.s of the date rife at a more elevated angle than the 
bed of which they form a part ; and they are fometimes per- 
pendicular, when the true dip of the bed is not more than 
forty degrees 

The flaty ftrudture of the done is the rcfult of a pro- 
cefs analogous to cryflallization, by which the date is di- 
vided into) rhomboidal blocks or tables : between the bottom 
of one block and the top of another, there is frequently 
a loam of clay, which forms, what the workmen rail, the 
foot of the flate. The flate will divide to this foam in a 
direction nearly at right angles with it ; and fometimes be- 
tween the upper and the lower block, there will be a thin 
horizontal itratum of flate occupying the place of the clay. 
This proves that the flate is not formed by mechanical 
ft ratification, and that the elevation of the tabular mafles 
is unconnected with the elevation of the rock itfelf. 

Slate-rocks vary in hardnefs, but they yield to the knife. 
They confilt of an intimate intermixture, in various propor- 
tions, of filiceous earth, alumine, and iron ; and fometimes 


contain a portion of lime, magnefia, manganefe, and bitu* 
men. Slate forms entire mountains, and mountain chains, 
and fometimes diflindt beds, alternating with other rocks. 
It moft frequently refts upon granite, gneifs, or mica- 
flate. 

Slate-rocks are frequently intcrfe&ed by veins of quartz, 
and by metallic veins ot lead, cobalt, and filvcr: it alfo 
contains beds of copper pyrites, red enpper-orc, copper- 
green, malachite, iron pyrites, magnetic pyrites glance 
cobalt, grey cobalt -ore, arfcnical pyrites, blende and galena. 
The tin-veins in Cornwall fometimes pafs through the 
killan, which i*. a variety of flate-rock. 

Various rocks frequently occur imbedded in flate, parti- 
cularly whet-flatc, or hone, chlorite-flate, talcons-flate, 
drawing-flate, and alum-flate. Beds of flinty flate occur 
in this rock, and alternate with a ,J well as graduate into it. 
Flinty flate appears to be Ante in which a large propor- 
tion of filiceous earth is combined, until it approaches 
nearly to the nature of chert or flint. Organic remains 
arc occafionaHy found in flate, on which account it is not 
conlidercd by many geologilts as a primary rock, if indeed 
there he any to which that tvrm is appropriate. The 
flate which contains organic remains has been called by 
the Germans the newer day- flit e , and tranjihnnjlate ; but 
remains of vegetables have been difeovered in the flate of 
the Higher Alps in the vicinity of Mont Blanc, which may 
be fuppofed to have a better claim to the rank of primary 
than any other flate-rocks in Europe. 

In a very large proportion of flate-rocks, the balls of the 
flate is intermixed with particles or fragments of other 
rocks ; and when thefe are fufliciently large to be difeerned 
without a lens, this kind of rock has received from the 
Germans the name of grawwackc Jlalc. It is generally in- 
cumbent on the rocks denominated primary, and is fup- 
pofed to be of more recent origin than the finer flate ; but 
late observations have (hewn that grauwacke is fometimes 
covered with granite and mica-flate. The killas of Corn- 
wall appears, in many fituations, to approach the nature of 
mica-flate, having a (Killing lultre, and a light grey colour, 
as if compofcd of an intimate intermixture of clay-flatc 
with mica-flate. In Cornwall and Devonlhire it occupies, 
in general, the fame relative pofition with granite, in which 
mica-flate frequently occurs in other diftridU refting im- 
mediately upon it. The metallic veins which interfedt thefe 
rocks are principally filled with ores of tin and copper, 
imbedded in a matrix of quartz ; but it is obferved, that the 
contents of the vein frequently vary as it pafles through 
different rocks : if it contain tin-ore in the granite, it will 
change to copper-orcs in the killas ; and if tin be molt 
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abundant in the killas, the vein will change its contents as 
it pafi'es into the granite. Veins of granite are alfo ob- 
ferved to fhoot up into the killas, which is a proof that 
this kind of flate-rock is at leaft as ancient as the granite. 
This fad has given rife to fomc controverfy among geolo- 
gifts, the difciplcs of Werner contending that the granite 
in the (late or killas was not in veins, but formed ridges 
or inequalities nfing above the furface, which had been 
inclofed by fubfequent depofitions of the (late. For this 
explanation there can be no better reafon given than its 
convenience in fuiting a particular hypothecs refpeding 
the formation of thefe rocks. Among other fads, which 
might be cited to prove that the granite veins penetrate 
the (late, there is one deferibed in the 4< Annals of 
Philofophy,” May 1814, which appears dccifive. It occurs 
in Toufchole, in Cornwall. “ The flate or killas is of a 
greyifh dark colour, rather hard, but breaks into large 
fragments in the diredion of the ftrata. The granite is of 
a fine grain, and the felfpar is of a light flefh-colour, and con- 
tains but a (mail portion of mica. At the jundion, numerous 
veins of granite may be traced from the rock of granite into 
the flate. Some of thefe veins may be obferved upwards 
of fifty yards, till they are loft in the fea ; and in point 
of fize, vary from a foot and a half to lefs than an inch. 
It may deferve notice, that as the felfpar is of a flefh-red 
colour, it is impoffiblc for any obferver to confider them 
as quartz veins. One of thefe large veins is diflocated, 
and heaved feveral yards by a crols courfc. Another of 
thefe veins of granite, after proceeding vertically fome 
diltance, fuddenly forms an angle, and continues in a 
diredion nearly horizontal for feveral feet, with fchiftus, 
or flate, both above and below it. This appearance molt 
completely dellroys one of the theories fuggelted for the 
explanation of limilar veins at St. Michael’s Mount ; viz. 
that a ridge of projecting granite had been left, and flate 
depolited afterwards on its fides.” It is, indeed, quite 
impoflible to conceive that a narrow vein of granite fhould 
fhoot up into empty fpace for a confiderable diltance, and 
then afiume a zig-zng diredion, unfupported by any folid 
fubltance on the fulcs. The flate-rock mult have exilted 
when the vein was formed, and from its refiftance have 
given it the form above deferibed. Slate is one of the moft 
abundant rocks in alpine dillrids, though that variety 
winch fpiits into thin durable laminae, forming good roof- 
flate, is far from being fo common. The localities of com- 
mon flate are fo numerous in mountainous diltrids, that it 
were ufelefs to point them out,. Roof-flate, the fchifte 
ardoife of the French, is found on the weftern tide of our 
ifland in the counties of Cornwall and Devon, in various 
parts of North Wales and Anglefea, on the north- welt 
parts of Yorkfhirc, near Ingleton, and in Swaledale, alfo 
in the counties of Cumberland and Weftmoreland. It 
occurs in a low range of mountains at Chamwood foreft, in 
Leicellerfhire, near the centre of England. Several geo- 
logifts have ftated that flate is found in Derbyfhire, which 
is a miftake, as no rock fimilar to clay -flate or roof-flate 
occurs in that county. The inhabitants of that part of 
England make ufe of a micaceous fand-ftone for roofing, 
which they denominate flate. This Hone is found in ftrata 
among the other ftrata accompanying coal. Of the qua- 
lity of the different kinds of Englifh roof-flate, we fhall 
offer fome obfervations at the conclufion of this article. 
Slate abounds in various part8 of Scotland, and in the 
county of Wicklow, and other mountainous parts of Ire- 
land. France poflefres many valuable beds of roof-flate, 
near Laferriere in Normandy, and in the neighbourhood of 
Angers. The lull is the molt important, as furnifhing 


flate of the moft perfect quality, and its extent and pro- 
digious thicknefs make it regarded as inexhauftible. It is 
further remarkable on account of the very Angular and 
interelting organic remains that occur between fome of the 
laminae of flate. It is, perhaps, one of the molt valuable 
repofitories of flate at prefent known. 

This bed extends for a fpace of two leagues, palling 
under the town of Angers, which is built, as well as covered, 
with the flate ; thofe blocks being employed in mafonry 
whieh are the 1 call divifible. The quarries which are ac- 
tually explored, are all tn the fame line from weft to eaft, 
as well as the ancient pits, the bed of the belt roof-flate 
rifing to the furface in this direction. Immediately under 
the vegetable earth is found a brittle kind of flate, which, 
for four or five feet deep, fpiits into rhomboidal fragments. 

A little lower is what is called the building-ftone, which 
is a firm flate, but fcarcely divifible. This is employed 
in the conttrudion of houfes, after it has been fufficiently 
hardened by expolure to the air. At fourteen or fifteen 
feet from the furface is found the good flate, which has 
been quarried to the perpendicular depth of about three 
hundred feet ; the remaining thicknefs being unknown. 

As to the interior ftrudure of this great mafs of flate, 
it is divided by many veins or feams of calcareous fpar and 
quartz, about two feet thick, by fifteen or fixteen in height : 
thefe veins are parallel, and proceed regularly from weu to 
eaft, in a pofitiori rifing feventy degrees to the fouth ; they 
are interceded by other veins at intervals of a fimilar kind, 
but whofe rife is feventy degrees north ; fo that when they 
meet the former, they either form rhombs, or half rhombs, 
which have been compared to the letter V, fome being 
upright, and others reverfed. 

All the layers, or lamina;, of the flate, have a direction 
fimilar to thofe of the veins of quartz, whieh rife fouth 
feventy degrees ; and when interfered by veins that have an 
oppofite inclination, the diredion of the flaty laminae is not 
changed. The whole mals is thus divided into immenfe 
rhomboids, compofed of plates all parallel among them- 
felves, and with two of the faces of the rhomboid. 

The flate of Angers is extraded in blocks of a fixed 
fize, which are divided into leaves for roofing-flatc. It is 
betwixt thefe leaves that there are frequently found vef- 
tiges of marine animals, and particularly pyritous impreflions 
of pous dc mer (the fea-loufe, a fmall univalve ftiell), alfo of 
fmall cheviettes ((hrimps or prawns^, and a fpecies of crab, 
of which the body is about a foot m breadth, and fourteen 
or fifteen inches in length, the tail having nine or ten rings. 
The fhrimps are fometimes fo numerous, that forty have 
been counted on a flate of a foot fquare. 

None of the above animals refemblc any known exifting 
fpecies. But the moft remarkable circumllance in thele 
impreflior.s, particularly in the large crabs, is, that though 
there be no fign of the body having been crufhed, yet it 
can fcarcely be faid to have any thicknefs whatever. They 
rather refemble engravings than figures in relievo, the con- 
vexity of thefe crabs above a thin leaf of flate not rifing 
more than the fourth, and fometimes not more than the 
tenth part of a line ; nor is it perceivable that the body of 
thefe crabs penetrates into the leaves of flate. What addB 
to the furprife, is the nearly vertical pofition in which 
thefe impreflions are found in the mine. 

A feries of thefe leaves of flate may be compared to a fet 
of books placed upon fhelves ; and the impreflions of crabs, 
and other marine animals, to engraved plates in the volumes : 
they do not, in fad, occupy more thicknefs. It is equally 
difficult to conceive how the bodies of thefe animals, though 
perfe&ly defined, could be reduced to a Ample furface, with- 
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out thicknefs. Thefe flates alfo prefent beautiful dendriti- 
cal pyrites, more than a foot in extent. The pyrites are 
fometimes in fmall grains, diffeminated, like dud, upon the 
furface of the flates, where may alfo be obferved many little 
ftara of felenite. 

When the blocks of (late have been drawn from the 
quarry, if they are left ex^ofed to the fun, or the open air, 
for fome days, they lofe what 19 called the quarry-water , 
and then become hard and untra&able, and can only be em- 
ployed as building Hone. Froll produces a fingular effe& 
on thefe blocks : while frozen they may be broken with 
more cafe than before ; but if thawed rather quickly, they 
are no longer divifible : yet this quality may be rellored by 
expofing them pnee more to the froft ; but if the operation 
be often repeated, it becomes impoflible to reduce them to 
leaves. 

Some fmaller beds of flate are worked on the northern de- 
clivities of the Pyrenees ; but we have no account of any 
flate-quarries on the fouthern fide, or in any part of Spain : 
yet it can fcarcely be doubted that this rock exids in fome 
of the mountainous parts of that kingdom.. 

Only one quarry of flate is faid to be opened in Italy ; 
it is at Lavagna, in the Hate of Genoa, and furniflies* 
flate of an excellent quality, and fo impervious, that it 
ferves to line the ciltcro* in which olive oil is preferved. 
The canton of Claris, in Switzerland, is the only one in 
which roof-flate is procured. Roof-flate occurs in Saxony, 
and in various mountainous diftri6U in the north of Europe ; 
it is found alfo on the continent of North America ; and as 
it is only a modification of clay-flate, which is an abundant 
rock, it is probable that its localities are much more nu- 
merous than are at prefent known in alpine diitri&s in 
every part of the globe. 

As this fubftance forms the moil light, elegant, and 
durable covering for houfes, and is, of courfe, of confi- 
derable value ; it is rather furprifing that fo much indifference 
prevails refpe&ing the fearcKfor it, in thofe diftri&s where 
common flate, or clay-flate , abounds. We believe all the 
roof-flate quarries at prefent worked are thofe which acci- 
dent has difeovered. This negle& is the more remarkable, 
when we confider the great expence frequently incurred in 
fearching for coal, a fubftance of much lets value in propor- 
tion to the weight . 

All the bed beds of roof-flate with which we are acquaint- 
ed, improve as they fink deeper into the earth ; and few, 
if any, are of a good quality near the furfacc, or are indeed 
fuitable for the purpofe of roofing. There cannot be a 
doubt that many beds of flate, which appear fhattered and 
unfit for architectural ufe, would be found of a good qua- 
lity a few yards under the furface ; for the bed Hate, in 
many quarries, lofea its property of fplitting into thin 
laminae by expofure to the air. Notwithdanding the value 
of flate, few quarries are worked to a very great depth, or 
have fubterranean galleries, like mines. The quarry or flate- 
mine at Rimagne, four leagues to the wed of Charleville, 
on the Meufe, in France, is an exception. The mouth of 
the mine is near the fummit of a hill : the bed inclines forty 
degrees to the horizon : it is about fixty feet in thicknefs, 
but its extent and depth are unknown. It has been pur- 
fued, by a principal gallery, to the depth of 400 feet ; and 
they have driven many lateral galleries, which extend about 
200 feet on the fide of the main gallery, where 26 ladders 
ire placed in fucceflion, for the paffage of the workmen and 
the carriage of the flate. In this bed, which is 60 feet in 
thicknefs, there are only forty feet of good flate, the other 
being mixed with quartz. They cut the flate into blocks 
of about 20olbs«, which they call faix : every workman, in 
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his turn, carries them on his back to the very mouth of the 
pit, mounting the 2 6 ladders, or a part of them, accord- 
ing to the depth of the bed where he is working. When 
brought to day, thefe blocks are fird fplit into thick tables, 
which are called repartons . The workman holds the block 
between his legs, puts a chiflel on the fide, and divides it 
with a blow of a mallet. The repartons arc divided in a fimi- 
lar manner into roof-flates. Thefe operations mud be per- 
formed foon after the blocks are drawn from the quarry ; for 
if the done has time to dry, it would no longer be poilible 
to fplit it. Some of the flate-galleries pafs under the river 
Meufe. 

There are few places in Great Britain where flate is 
worked as a mine under ground ; mod of the quarries are 
©pen to the day ; and the covering of other rocks, or of 
coarfe flate, which requires removing, greatly increafes the 
expence. There is one flate-quarry worked as a mine by 
penetrating the interior of the mountain at Place- Fell, on 
the Hpad of the lake of Ullfwater, in Cumberland. Slate 
is alfo worked under ground on the wedern fide of York- 
Ihire, adjoining Wedmoreland. In many other fituations it 
is probable that flate might be worked to advantage, in fub- 
terranean galleries, fimuar to thofe deferibed in the quarries 
at Charleville ; for as this mineral is generally of a better 
quality at a confiderable depth, the expence of procuring it 
by mining would be much lefs than that of removing the load 
of upper rocks, and working it in open quarries, as at pre- 
fent ; at lead the mod valuable flate might be purfued to a 
far greater depth than is prafticable in the common method 
in open quarries. 

Slate, to be of a good quality for roofing, fhould have 
the property of fplitting into thin even laminae : it .fhould 
refift the abforption of water ; to prove which, it fhould 
be kept fome time immerfed in water, being weighed before 
and after the immejrfion, wiping the furface dry ; it is ob- 
vious, that the flate which gains the lead weight by thin pro- 
cefs is the lead abforbent. It fhould refid the procefs of 
natural decomposition by air and moidurc : this depends on 
its chemical compofition and compa&ncfs, and is fhewn by 
its refiding the procefs of vegetation. That flate which is the 
mod liable to decay, will be the foonell covered with lichens 
and modes. The flate from Chamwood forefl, in Leicet- 
terfhire, rcfembles, in colour and appearance, the Wedmore- 
land flate, but it will not fplit fo thin, nor would this be de- 
firable, for the vegetation which take, place upon it re- 
quires the roofs to be frequently ic raped ; this carries away 
a portion of the furface : a fecond gruwth of modes pro- 
duces a further wearing of the flate : hence a date of a cer- 
tain thicknefs from this part of England is not fo durable as 
that from North Wales, Cornwall, or Wedmoreland. This 
decay is probably owing to the greater quantity of alumine 
in its compofition ; it does not contain pyrites, nor have any 
organic remains been difeovered in it. 

Few flate-rocks have been accurately analyfed ; a reddifli- 
purple flate from North Wales contained, according to 
Kirwan, .38 filex, .26 alumine, .8 magnefia, .4 lime, and 
.14 parts iron; but as there is in this analyfis a lofs of 
10 per cent. 9 it cannot be confidcred as very accurate. As 
the hardnefs of flate arifes principally from the filex it con- 
tains, which is of all the earths the lead favourable to vege- 
tation, thofe dates which are the hardeft when fird taken 
from the quarry, and which have the lead (pecific gravity, 
are to be preferred ; for the increafe of weight in flates is 
owing to the prefence of iron, either in pyrites, or a date 
of oxyd. To the prefence of iron, many kinds of done and 
flate alfo owe their tendency to decompofition. The py- 
rites being dccompofed by moidure, and the iron admitting 
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a Rill higher degree of oxygenation, the furface of the (tone 
fwells and peels off, or falls into an ochrey powder. 

According to Dr. Watforr, (bifhop of Landaff,) the fpecific 
gravity of the Weftmoreland (late varies in different quarries, 
from 2707 to 2732 ounces the cubic foot. The effe6t of fro ft 
is very fenfible on tiled houfes, but is fcarccly felt on dated 
houfes ; for good date imbibes very little water. According 
to an experiment made by Dr. Watfon on Weftmoreland 
date, compared with tile, in which two pieces of each, about 
30 inches fquare, were immerfed in water 10 minutes, and then 
taken out and weighed as foon as they ceafed to drop ; the 
tile had imbibed about 4th of its weight of water, and 
the date had not abforbed the io„th part 0 f its weight : 
indeed the wetting of the date was merely fuperfieial. 
When placed before the fire, in a quarter of an hour the 
date was of the fame weight as it had been before it was put 
into the water ; but the tile had only loft about 1 2 grains 
of its moifture, which was as near as could be expelled to 
the quantity which had been fpread over its furface ; for it 
was the amount gained by the flate, the furface of which war. 
equal to that of the tile. The tile was left to dry fix days, 
in a room heated to fixty degrees, but did not lofe all the 
water it had imbibed till the end of that time. 

The date in Weftmoreland i6 Waited from the quarry in 
large mtfl'es, and fplit with proper tools by the workmen. 
Though the fpecific gravity of Weftmoreland date from 
different quarries is nearly the fame, yet all the forts 
are not capable of being fplit into an equal degree of 
thinnefs. Here alfo the quality varies with the depth 
of the quarry, that being the beft which is raifed from the 
greateft depth. 

The grey-blue date from Donyball, in Cornwall, weighs 
only 2512 ounces to the cubic foot, which is confiderably 
lighter than that of Weftmoreland. This date is generally 
preferred to any other for its lightnefs, and enduring the 
weather 5 but Dr. Watfon is of opinion, that in durability 
it does not excel that of Weftmoreland. The Donyball 
date is fplit into laminx about one-eighth of an inch thick 
when it is applied to the covering of a roof 5 it then weighs 
rather more than 26 ounces to the fquare foot. The pale 
blue date from Amblefide, in Weftmoreland, weighs about 
two ounces more m the fquare foot than the former. In 
many inftances, we believe date of a thinner kind is ufed in 
feveral modern buildings to fave the expence of timber in 
the roof, where cheapnefs rather than durability is a princi- 
pal objeft with the architect. According to an eftimate of 
Dr. Watfon, the relative weights of a covering of the fol- 
lowing different materials, for forty-two fquare yards of 
roof, arc as under : 



Cwt. 

Copper 

4 

Fine flate 

26 

Lead 

27 

Coarfe date 

3 6 

Tile 

54 


A ton of fine date will cover a larger furface than a ton 
of lead; and where there is water-carriage, does not coft one- 
fourth of the price. Slate might, therefore, be ufed gene- 
rally inftead of lead, with great advantage. Watfon’s 
Chemical E flays, vol. iv. 

The mod extenfive date-quarries in Great Britain are 
the property of lord Penryn, near Bangor, in Caemarvon- 
fhire. There is a rail-road formed from the quarries to the 
fea for the conveyance of the date, which is of an excel- 
lent quality, and is fent to various parts of the world. The 
mod remarkable fituation where flate is procured in Cum- 


berland, or perhaps in Great Britain, is Hourlton cragg, a 
lofty mountain near the lake of Buttcrmere, about 2000 
feet above the level of the lake, and nearly perpendicular. 
On account of the difficulty of accefs, the workmen take 
their providons for the week, and deep in temporary huts 
on the fummit. During the winter months they are gene- 
rally involved in clouds, and not unfrequently blocked up 
by the fnow. The flate is conveyed down a zigzag patn 
cut in the rock on fledges, one man attending to prevent 
the acceleration of the defeent. When the flate is emptied 
at the bottom, the fledge is carried back on his fhoulders to 
the fummit. 

There are confidcrablc flate-quarries near Ulvcrftone, in 
Lancafhire. A coarfe flate is got near Ingleton, in York- 
fliire, and alfo in the vicinity of Settle in that county. The 
Ingleton flate frequently contains cubical pyrites, and is 
fometime8 covered with dcndritical pyritbs. 

Alum-date, ampellite of Haiiy, is fometimes imbedded in 
clay-date, but more frequently in ft ratified fecondary rocks, 
and is not effentially different from fome of the coal- (hales. 
(See Alum.) The alum-date, or alum-fhale of Whitby, 
is of vaft and unknown thicknefs, forming the bafe of the 
Cleveland Hills in the North Riding of Yorkfhire, extend- 
ing about thirty miles eaft and weft from Robinhood’s bay, 
to Ginlborough, Stokefly, and Ofmotherly. On the fouth 
fide of the Cleveland Hills the alum-flate is principally covered 
by fand-ftone and marie. On the north-eaft, the alum-rock 
extends along the coaft, about thirty miles from Robinhood’s 
bay to Huntcliff. The height of the alum-cliffs, which are 
perpendicular from the fea, varies from 100 to 140 yards. 
Whitby abbey (lands near an awful precipice of alum-flate or 
rock, which is undermined by every returning tide. At 
low water the alum-rock may be feen extending far to the 
eaft, forming a flat pavement, on which the obferver may 
walk fecure, treading at almoit every ttep on the organic re- 
mains of the inhabitants of a former world, which are 
abundantly diffeminated through the whole mafs beneath, 
and proje&ing from the fidea of the black and frowning 
cliffs above. The alum-flate has been perforated near the 
fea to the depth of 1 30 yards, without difeovering the fub- 
jacent rock, to which we may add the height of the cliffs 
above, which will make a total thicknefs exceeding 220 
yards. The upper part6 of the bed arc found more pro- 
du&ive of alum than the lower. From the quantity of 
pyrites contained in this rock, it fometimes takes fire fpon- 
taneoufly, when a heap of it which has fallen from the Cliffs 
becomes moiftened with fea-watcr. 

The animal remains are feattered through every part of 
the rock. They confift principally of numerous ammonites, 
nautilites, belemnites, foflile vertebrae (fuppofed to belong to 
the (hark), with bivalve (hells, foflile wood, and jet. Mr. 
Bakcwell condders the alum-(hale or flate, and the ftrata 
which cover it, as a peculiar local formation fubiacent to 
the roe-ftone, but above the coal-formation of xorkfhire 
or Durham. The alum-date is in fa£t a thin bed of in- 
durated pyritous date-clay, differing little, except in geo* 
logical nofition and its organic remains, from fome of the 
coal-fhales. 

The alum-flate of Whitby has a very dark grey colour, a 
daty ftru&ure, and rather a filky luftre ; it fplits, by ex- 
pofure to the atmofphbre, into very thin laminae ; it varies in 
hardnefs, but is all fofter than roof-date. The particular 
advantage which the country near Whitby poffelles for the 
manufacture of alum, is derived from the alum-flate rifing 
in precipitous cliffs, which afford facilities for working and 
burning the (tone. Though many of the coal-fhales might 
yield an equal quantity of alum, the difficulty of railing 
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them to the furface would in moil fituations be too great to 
repay the expence. The alum-flate is piled in vatt heaps 
and fet fire to ; a flow combuftion is continued for feveral 
months, by the inflammable matter combined with the ftone. 
The faline contents are extracted by folution, a fmall quan- 
tity of potafh is added, and the alum is cryttallized by eva- 
poration. (Bakewell’s Introdu&ion to Geology.) From 
the alum-rock of Yorklhire, nearly all the alum of com- 
merce in England is produced. 

According to the analysis of Klaproth, alum-flate 
contains 

Sulphur - - - - - 0.28 

Carbon - 1.96 

Alumine - - - - 1.60 

Siiex 4-00 

Black oxyd of iron - 64 

Sulphate of iron, lime, and potafli, each 15 
Water ------ 70 

M. Klaproth remarks, that the fulphur in the alum-flate 
which he analyfed was not united to the iron but to the car- 
bon, in a manner at prefent unknown. In the alum-flate of 
Whitby, we believe the fulphur is combined both with the 
iron and carbon. 

Drawing-flate frequently accompanies alum-flate ; it is 
much fofter than common flate, and contains, like alum- 
flate, a confiderablc portion of carbon : its colour is a 
greyifli-black : it is known by the property which it poflefFes 
of leaving a dark line when rubbed on paper. It is foft, 
and fometimes rather un&uous : fome varieties have a fmall 
degree of luftre. The fra&ure, in fmall fragments, is 
fcarcely flaty, and lometimes approaches the conchoidal. 
Drawing-flate is eaflly cut with the knife. Under the 
blowpipe it turns white or yellow. It fometimes efflorefees 
like alum-flate. According to Wiegleb, it contains 


Siiex - - - 64 

Alumine - 21.25 

Carbon - - - 11 

Oxyd of iron - - 2.75 

Water - 7 5° 


Drawing-flate is employed by mafons, carpenters, &c. to 
mark with. When fine and pure, it is ufed by artifts for 
deligns. In France it is called pierre d 1 Italic , in England, 
French chalk . It is found in France, near Seer, in the de- 

f artment of l’Orne, and in the environs of Cherbourgh. 
t is found alfo in Spain and Italy. 

Whet-flate, or hone, the novaculite of Kirwan, occurs 
imbedded in clay-flate : its moll common colour is greemfli- 
grey, inclining to yellow : it is much harder than common 
flate : its texture is line-grained, nearly compail, and the 
fradure of the fmall pieces fplintery or conchoidal, refem- 
bling flinty flate. Its fpecific gravity is about 2.72. Whet- 
flate is tranflucent on the edges ; it does not effervefee with 
acids, and it melts into a brown enamel under the blowpipe. 
From its green colour, and rather greafy feci, it may be 
confidered as intermediate between hard talcous-flate and 
clay-flate. Though it yields to the point of a knife, or 
even of a copper tool, it a&9 upon the flattened or round 
furfaces of metals, and is ufed for fharpening and polilhing 
the finer kinds of cutlery. It is of confiderable value on 
account of this property, and was firll brought from the 
Levant. We have no whet-flate of a fine quality in Eng- 
land. An inferior kind is procured from Chamwood forelt, 
in Leicefterlhire. It exifts of a finer quality in the promon- 
tory of Howth, near Dublin. The common whet-flate of 
commerce is procured from Saxony. 
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Slate- Spar, S chief er-f path ^ Werner, occurs in lime-ftone 
beds, in mountains called primitive. Its colour is milk- 
white, or greenifh and reddilh- white, its luftre ftiining and 
pearly. Slate.fpar is tranflucent and foft, its ftru&ure 
coarfely lamellar, pafling into flaty, and fometimes curved 
or undulating : it is infuftble, and effervefees with violence 
in acids. 

Slate, in Rural Economy , a well-known, neat, conve- 
nient, and durable material, for the covering of the roofs 
of buildings. There are great varieties of this fubltance ; 
and it likewife differs very greatly in its qualities and colours. 
In fome places it is found in thick laminae, or flakes ; while 
in others it is thin and light. The colours are white, brown, 
and blue. 

It is fo durable, in fome cafes, as to have been known to 
continue found and good for centuries. However, unlefsit 
fhould be brought from a quarry of well reputed goodnefs, 
it is ucceflary to try its properties, which may be done by 
ftriking the flate fharply againfl a large Hone, and if it pro- 
duce a complete found, it is a mark of goodnefs ; but if in 
hewing it does not fhatter before the edge of the /city or 
inllrument commonly ufed for that purpofe, the criterion is 
decifive. The goodnefs of flate may be farther eftimated 
by its colour : the deep black-blue is apt to imbibe inoiflure, 
but the lighter blue is always the leaft penetrable : the 
touch alfo may be in fome degree a guide, for a good firm 
ftone feels fornewhat hard and rough, whereas an open flate 
feels very fmooth, and as it were greafy. And another 
method of trying the goodnefs of flate, is to place the flate- 
ftone lengthwife, and perpendicularly in a tub of water, 
about half a foot deep, care being taken that the upper or 
unimmerfed part of the flate be not accidentally wetted by 
the hand, or otherwife ; let it remain in this flate twenty- 
four hours ; if good and firm ftone, it will not draw water 
more than half an inch above the furface of the water, and 
that perhaps at the edges only, thofe partB having been a 
little loofened in the hewing ; but a fpongy defeftive ftone 
will draw water to the very top. There is Hill another 
mode, held to be infallible. Firll, weigh two or three of 
the molt fufpeded Hates, noting the weight ; then immerge 
them in a veffel of water twelve hours ; take them out, and 
wipe them as clean as poflible with a linen cloth 5 and if 
they weigh more tnan at firll, it denotes that quality of 
flate which imbibes water : a drachm is allowable in a dozen 
pounds, and no more. 

It may be noticed, that in laying of this material, a bufhei 
and a half of lime, and three bufhels of frefh-water fand, 
will be fufficient for a fquare of work ; but if it be pin 
plaftcred, it will take above as much more : but good flate, 
well laid and plallered to the pin# will lie an hundred years ; 
and on good timber a much longer time. It has been com- 
mon to lay the flates dry, or on mofs only, but they are 
much better when laid with plafter. When they are to be 
plaftcred to the pin, then about the firll quantity of lime and 
fand will be fufficient for the purpofe, when well mixed and 
blended together, by properly working them. 

Slates differ very much in thicknefs as well as colour, 
which fuits them for different fituations and purpofes. A 
great deal of good flate of various kinds is sailed in different 
parts of Wales, and much excellent blue and other coloured 
forts is procured from the northern parts of Lancalhire, and 
other neighbouring places, as well as from different other 
counties throughout the kingdom. In fome parts the flate 
is diflributed into three kinds, as the bell, the middling, 
and the wafte or common fort. See Quarry. 

Sla TK-Jfxe, provincialiy a mattock with a fliort axe-end, 
ufed in Hating, &c. 
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SLICH, in Metallurgy , the ore of any metal, parti- 
cularly of gold, when it has been pounded, and prepared 
for farther working. 

The manner of preparing the flich at Cremnitz, in Hun- 
gary, is this : they lay a foundation of wood three yards 
deep, upon this they place the ore, and over this there are 
four-and-twenty beams, armed at their bottoms with iron ; 
thefe, by a continual motion, beat and grind the ore, till 
they reduce it to powder : during all this operation, the ore 
is covered with water. There are four wheels ufed to move 
thefe beams, each wheel moving fix ; and the water, a« it 
runs off, carrying fome of the metalline particles with it, is 
received into feveral bafons, one placed behind another ; ancl 
finally, after having pafled through them all, and depofited 
fome fediment in each, it is let on into a very large pit, of 
almolt half an acre of ground ; in this it is differed to (land 
fo long, as to depofit all its fediment, of whatever kind, 
and after this it is let out. This work is carried on day 
and night, and the ore taken away, and replaced by more, 
as often as occafion requires. That ore which lies next 


the beams, where it was pounded, is always the cleaned or 
richeft. 

When the flich is wafhed as much as they can, a hundred 
weight of it ufually contains about an ounce, or perhaps 
but half an ounce of metal ; which is not all gold, for there 
is always a mixture of gold and filver, but the gold is in the 
largell quantity, and ul’ually is two-thirds of the mixture : 
they then put the flich into a furnace with fome ltme-ftone, 
and flaken, or the fcoria of former meltings, and run them 
together. The firft melting produces a fubftance, called 
lech ; this lech they burn with charcoal, to make it lighter, 
to open its body, and render it porous, after which it is 
called roft; to this roll they add fand in fuch quantity as 
they find neceflary, and then melt it over again. 

They have at Cremnitz many other ways of reducing 
gold out of its ore, but particularly one, in which they 
employ no lead during the whole operation; whereas, in 
general, lead is always neceflary, after the before-mentioned 
precedes. See Gold* 



Smeaton 


Smeaton, John, an eminent civil engineer, was born on 
the 28th of May, 1724, at Aufthorpe, near Leeds. The 
Itrength of his undemanding, and the originality of his 
genius, appeared at an early age ; his playthings were not 
the playthings of children, but the tools which men employ ; 
and when he was a mere child, he appeared to take greater 
pleafure in feeing the operations of workmen, and afking 
them queftions, than in any thing elfe. Before he was 
fix years old, he was once difeovered at the top of hib father's 
barn, fixing up what he called a wind- mill of his own con- 
ftruftion ; and at another time, while he was about the fame 
age, he attended fome men fixing a pump, and obferving them 
cut off a piece of the bored part, he procured it, and ac- 
tually made a pump, with which he raifed water. When 
he was under fifteen years of age, he made an engine for 
turning, and worked feveral things in ivory and wood, 
which he prefented to his friends. He made all his own 
tools for working in wood and metals, and lie conllrufted a 
lathe, by which he cut a perpetual fcrew r in brafs, a thing 
but little known, and which was the invention of Mr. 
Henry Hindley of York, with whom Mr. Smeaton became 
acquainted, and indeed extremely intimate. Mr. Smeaton, 
by the time that he was eighteen years of age, acquired, 
by the ftrength of his genius and indefatigable indultry, an 
extenfive fet of tools, and the art of working in moll me- 
chanical trades, without the afiiltance of a mailer. A part 
of every day was ufually occupied in forming fome inge- 
nious piece of mechanifm. His father was an attorney, 
and being defirous to bring up his fon to the fame profeflion, 
he brought him up to London with him in 1742, and at- 
tended the courts in Wcilminttcr-Hall ; but after fome time, 


finding that the law was not fuited to his difpofition, he 
wrote a ttrong memorial to his father on the fubjeft, who 
immediately delired the young man to follow the bent of 
his inclination.* In 1751 he began a courle of experiments 
to try a machine of lus own invention to meafurc a (hip's 
Way at fea, and alfo made two voyages, in company with 
Dr. Knight, to try the effeft of it, and alfo for the purpofc 
of making experiments on a compafs of his own conftruftion, 
which was rendered magnetical by Dr. Knight’s artificial 
magnets. In 1753 he was clefted a fellow of the Royal 
Society ; and the number of papers which he publifhed in 
their Tranfaftions, will (hew how highly lie deferved the 
honour of being enrolled a member of that ufeful and im- 
portant body. In 1759 he received from the council of 
the Royal Society, by an unanimous vote, their gold medal 
for his paper, entitled “ An experimental Inquiry concern- 
ing the natural Powers of Water and Wind to turn Mills 
and other Machines, depending on a circular Motion." 
The paper was the refult of experiments made on working 
models in the years 1752 and 1755, though not commu- 
nicated to the fociety till 1759 5 anc * * n the interval he had 
opportunities of carrying into effeft feveral of his inventions 
and theories, Which rendered his paper of much more real 
value to the fociety and the public at large. In 1755, the 
Eddystone Light- houfe was burnt down (fee the article), 
and Mr. Smeaton being recommended to the proprietors 
of that building as an engineer in every way calculated to 
rebuild it, he undertook the work, which was completed in 
1759, muc h to 1 the fatisfa&ion of the parties concerned. 
Still he was not fully employed as a civil engineer, for in the 
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year 1764, while he was in Yorklhire, he offered himfelf as 
a candidate far the office of receiver to the Derwent water 
eftate ; and in the courfe of the year he obtained the ap 
pointment in a manner moft flattering to himfelf, inafmuch 
as his own merit carried the point in oppofition to two 
other candidates who were ftrongly recommended and 
powerfully fupported. He was very happy in this appoint- 
ment, particularly in the afliftanee which he received from 
Mr. Walton, the other receiver, who took upon himfelf the 
management of the accounts, leaving Mr. Smeaton leifure 
and opportunity to exert his abilities on public works. In 
the year 1773, he had fo much bufinefs as a civil engineer, 
that he wilhed to refign this appointment ; but his friends 
prevailed on him to continue in office two years longer. 
After this, Mr. Smeaton was employed on many works 
of great public utility. He made the river Calder navi- 
gable, a work that required talents of the very firlt order, 
owing to the impetuous floods in that river ; he planned 
and attended to the execution of the great canal in Scot- 
land, for conveying the trade of the country cither to 
the Atlantic or German ocean ; and as a proof of the 
difinterellednefs of his habits, having brought it to the 
place originally intended, he declined a handfome yearly 
falary, in order that he might attend to other bufmefs. 
On the opening of the great arch at London-bridgc, the 
excavation around and under the ftarlings was fo confider- 
able, that the bridge was thought to be in great danger of 
falling. Mr. Smeaton was then in Yorkflure, and was 
fent for exprefs, and he arrived without any delay. “ I 
think,” fays his biographer, « that it was on a Saturday 
morning when the apprehenfion of the bridge was fo ge- 
neral, that few perfons would venture to pafa over or under 
it. Mr. Smeaton applied himfelf immediately to examine 
it, and to found about the ftarlings as minutely as poilible, 
and the committee being called together, adopted his 
advice, which waB to rcpurchafe the ftoncs that had been 
taken from the middle pier, then lying in Mooriields, and 
to threw them into the river to guard the ftarlings. In' 
this way Mr. Smeaton probably faved London-bridge from 
falling, and fecured it till more effeftual methods could be 
adopted.” 

Mr. Smeaton was appointed engineer to Ramfgate har- 
bour, and brought it into a (late of great utility by various 
operations, of which he publilhed an account in 1791. 
The variety of mills which Mr. Smeaton conftrufted, (hews 
the great ufes which he made of his experiments already re- 
ferred to ; for it was a rule with him, from which he never 
willingly deviated, not to truft to theory in any cafe, where 
he could have an opportunity to inveftigate a fubjeft by 
real trial. He built a (team-engine at Aufthorpe, and 
made a vatt number of experiments with it to afeertain 
the power of Newcomen’s engine (fee STEAM-Engine), 
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which he improved and brought to a far greater degree of 
perfeftion, both in its conftruftion and powers, than it was 
before. Mr. Smeaton, during many years of his life, was 
a frequent attendant upon parliament, nis opinion on various 
works begun or projected being continually called for. 
And in thefe cafes the ftrenrth of his judgtnmt and per- 
fpicuity of expreffion had full fcope. It was his confront 
cuftom, when applied tp plan or fupport any meafure, to 
make himfelf fully mafter of the fubjeft, to underftand its 
merits and probable defefts, before he would engage in it. 
By this caution, added to the cleamefs of his expreffion, 
and the integrity of his heart, he feldom failed to obtain 
for the bill which he fupported the fanftion of an aft of par- 
liament. No one was ever heard with more attention, nor 
had any one ever more confidence placed in his teftimony- 
In the courts of law he had feveral compliments paid him 
from the bench by lord Mansfield and other judges, for 
the now light that he always threw upon difficult mbjefts. 
About the year 1 785, the health of this excellent man began 
to decline, and he took the refolution to avoid all the bufinefs 
he could, in order that he might have leifure to publilh an 
account of his inventions, improvements, and works, by 
which he conceived he ffiould be doing a public benefit to 
his country and the world. In September 1792, he had 
a paralytic feizure, which put a period to his life in about 
fix weeks. 

Mr. Smeaton had a warmth of expreffion that might 
appear to thofe who did not know him, to border upon 
harlhnefs, but thofe more intimately acquainted with him 
knew that it arofe from the intenfe application of his mind, 
which was always in the purfuit of truth, or engaged in 
fome difficult fubjefts. If he were fometimes apparently 
hafty and impetuous in his difpofition, he would always 
liften to reafon, and yield to the force of argument. 

In all the focial duties of life he was exemplary : his 
manners were Ample, and his mode of life abltemious. He 
wa9 Angularly moderate in his pecuniary concerns. He 
was fond of fcience for its own fake, and fpent much of 
his leifure in cultivating that of aftronomy ; for which pur- 
pofe, he fitted up an obfervatory in hi6 houfe, fumiftied 
with curious contrivances of his own invention. He was 
a friend and encourager of merit wherever he difeemed it, 
and many perfon9 were indebted to him for important 
afliftanee on their entrance into life. Mr. Smeaton was 
the inftitutor, in 1771, of a fociety of civil engineers, which 
was diftolved at his death, but afterwards renewed ; they 
publilhed, in 1797, a volume of his Reports. For his 
works in conftrufting bridges, mills, harbours, engines, &c. 
fee his Reports, in 3 vols. 4to. Of his inventions and im- 
provements of philofophical inftruments, an idea may be 
formed from the lift of his writings which is inferted in 
Hutton’s Diftionary. 
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SMELTING, among Metallifts , the melting of a 
metal from the ore in a fmelting furnace ; in order to fepa- 
rate the metallic parts from the fulphur and arfenic, and the 
earthy and ftrong fubitances of all kinds with which they 
are combined. 

Smelting, in propriety, is reftrained to large works, in 
which ores from the mines are melted down and fepa- 
rated. 

In fpcaking of works in a Idler way, we do not fay 
fmelting, but melting . 

In the more precious metals this is called refining ; which 
fee. And fmelting is molt commonly applied to the reduc- 
tion of iron ores. 

The art of fmelting the ores of all metallic fubitances 
was, probably, at firit very imperfedt ; hence the ufe of 
iron has every where been of a more recent date than that 
of the other metals, becaufc it requires the application of a 
much Itronger fire to fmelt the ores of iron than thofe of 
any other metal. We have no certain accounts when, or 
by whom, the fevcral metals were difeovered. Walierius 
fays, that, as far as he knew, Pliny was the firft who enu- 
merated the iix metals ; but they were certainly known long 
before his age, and were mentioned both by Homer and by 
Mofcs, a much more ancient author. (Numb. xxxi. 22.) 
From this tcllimony we may certainly infer, that all the 
metals, anciently mentioned, were known, at lealt in the 
country of the Midianites, above fourteen hundred and 
fifty years before the birth of Chrilt, or near nine hundred 
years after the deluge. Moreover, iron *nd copper were, 
without doubt, known before the deluge, and probably all 
the other metals, which are more eafily extradited from their 
ores than the former. 

In the time of Abraham, however, gold and filver were 
efteemed, as they are at prefent, precious metals (Gen. 
xxiii. 16. Gen. xiii. 2.) ; and hence it is reafonable to 
conclude, that Noah was able to inftrudt his defendants 
in the art of fmelting metallic ores ; this art was after- 
wards loll among the various colonies, which quitted the 
plains of Afia in fearch of fettlements ; and as the earth, 
foon after the deluge, and long before it could have been 
peopled by the pofterity of Noah, muft have become cover- 
ed with wood, and in procefs of time different countries 
might have been cleared by fetting the wood on fire, which 
might flux metallic ores contiguous to the furface o( the 
earth, it is not improbable, that the firit idea of fmelting 
ores might have been thus fuggefted to many nations. See 
Creech's Lucretius, vol. ii. p. 572. 

We may hence conjedlure, that the firft rude procefs, by 
which metals were extradted from their ores, was that of 
putting a quantity of ore upon a heap of wood, and fet- 
ting the pile on fire, in conformity to the manner, in which 
ores were fmelted during the burning of forefts; but as 
the force of the fire is greatly diminifned by the difperfion 
of its flame, and as the air adts more forcibly in exciting 


fire, when it ruffles upon it with greater velocity, it is likely 
that the heap of wood and ore would loon be furrounded 
with a wall of ftone, in which fufficient openings would be 
left for the entrance of the air, and thus a kind of furnace 
would be conftrudted. 

The Peruvians, we are told, had difeovered the art of 
fmelting and refining filver, either by the fimple application 
of fire, or where the ore was more ftubborn, and impregnated 
with foreign fubitances, by placing it in fmall ovens or fur- 
naces on high grounds, fo artificially conitrudted, that the 
draught of air performed the function of a bellows, a ma- 
chine with which they were totally unacquainted. This 
method of fmelting ores on high grounds, without the aflift- 
ance of a bellows, or at lealt of bellows moved by water, 
feems to have been formerly pra&ifed in other countries as 
well as in Peru. There are fevcral places in Derbylhire, 
called holes by the inhabitants, where lead hay been anciently 
fmelted, before the invention of moving bellows by water ; 
theie boles were always lituated upon high grounds, and 
moftly upon that fide of a hill which faces the welt, pro- 
bably becaufc the wind proceeds molt frequently from that 
quarter. 

From a pig of lead, dug up in 1766 at one of thefc boles 
near Matlock, and bearing an infeription in relievo, from 
which it appears to have been fmelted in the age of Adrian ; 
many of the boles in Derbylhire feem to be of high anti- 
quity. However, this method of fmelting ore by the va- 
riable adtion of the wind, being a very troublefome and pre- 
carious proccfs, lias been univerfally difufed, and the more 
regular blaft of a bellows has been introduced in its Itead. 

The invention of the bellows is attributed by Strabo 
to Anacharfis, the Scythian ; but he was probably the im- 
rover of this machine ; for Homer, who lived long before 
is time, deferibes Vulcan as employing twenty pair of 
bellows at once in the formation of the ftiield of Achilles. 
Iliad, lib. xviii. v. 470. 

When the art of moving bellows by means of a water- 
wheel was firft difeovered, is uncertain ; the ancients feem 
to have been unacquainted with it ; but we learn from 
Agricola (De Re Metal, publilhed in 15^0, pp. 165. 338.) 
that it was very generally known, at lealt among the Ger- 
mans, in his time ; for he fpeaks of it often, without hint- 
ing at its being a recent invention. By this advantageous 
contrivance, however, the moderns have, in many inftanccs, 
worked over again, with confiderable profit, the heaps of 
iron and other kinds of flag, from which the metal has been 
but imperfedtly extradted, before the moving of the bellows 
by water was difeovered. 

About fifty years ago, the blaft, or hearth-furnace, was 
the only one in ufe for fmelting lead-ore in Derbylhire. In 
this furnace, ore and charcoal, or ore, and what is called 
white coal, which is wood dried but not charred, being 
placed, in alternate layers, upon a hearth properly con- 
Itrudted, the fire is railed by the blaft of a bellows, moved 
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by a water-wheel ; the ore is foon fmelted by the violence 
of the fire, and the lead, as it is produced, trickles down a 
proper channel, into a place contrived for its reception. 
Thefe ore-hearths are now very rare ; though they are fre- 
quently applied to the extracting lead from the flag which 
is produced, either at the ore-hearth, or the cupola Furnace, 
and they are then called flag-hearths , and the lead thus 
obtained is called flag-lead; the fire in a flag-hearth is made 
of the cinder of pit-coal inftead of charcoal ; the furnace 
called a cupol, or cupola , and reverberatory furnace, and by 
the Germans a wind-furnace , in which ores are fmelted 
by the flame of pit-coal, is faid to have been invented 
about the year 1698, by a phyfician named Wright ; though 
Becher may, perhaps, be thought to have a prior claim to 
its invention, or introduction from Germany. But who- 
ever was the firft inventor of the cupola, it is now in 
general ufe, not only in Derbylhire and other counties for 
the fmelting of ores of lead, but both at home and abroad, 
where it is called the Englifh furnace , for the fmelting of 
copper ores. This furnace is fo contrived, that the ore is 
melted, not by coming into immediate contaCt with the fuel, 
but bv the reverberations of the flame upon it. The bot- 
tom of the furnace, on which the lead-ore is placed, is fome- 
what concave, fhelving from the fides towards the middle ; 
its roof is low and arched, refembling the roof of a baker’s 
oven : the fire is placed at one end of the furnace, upon an 
iron grate, to the bottom of which the air has free accefs ; 
at the other end, oppofite to the fire-place, is a high perpen- 
dicular chimney ; the direction of the flame, when all the 
apertures in the fides of the furnace are clofed up, is necef- 
farily determined, by the ftream of air which enters at the 
grate, towards the chimney, and in tending thither it ftrikes 
upon the roof of the furnace, and being reverberated from 
thence upon the ore foon melts it. This furnace does not 
require the ufe of bellows, and may, therefore, be con- 
ftruCted any where. In fmelting lead-ore, they generally 
put into the cupola furnace a ton of ore, previoufly beat 
fmall and dreffed, at one time, which quantity they call a 
charge ; and they work off three charges of ore in every 
twenty. four hours. In about fix hours from the time of 
charging, the ore becomes as fluid as milk. In order to 
obtain the lead free from the flag which fwims over it, the 
fmelters ufually throw in about a bufhel of lime, which dries 
up the flag, and prevents its running out with the lead. 
The flag, thus thickened, is raked up towards the fides of 
the furnace, and the lead gufhes out through a hole in one 
of the fides of the furnace, which having been properly Hop- 
ped during the fmelting of the ore, is opened for this pur- 
pose into an iron pot, from which it is laded into iron 
moulds, containing what they call a pig of lead ; the pigs, 
when cold, being ordinarily ilamped with the maker’s name, 
are fold under the name of ore-lead. After the lead has all 
flowed out of the furnace, they flop up the tap-hole, and 
drawing down the flag and lime into the middle of the fur- 
nace, they raife the fire, till the mixture of flag and lime, 
which they limply term flag , is rendered very liquid ; upon 
this mafs they throw another quantity of lime, and proceed 
as before. When the lead thus obtained, amounting gene- 
rally to twenty or thirty pounds, is let out of the furnace, a 
new charge of ore is put in and the operation renewed. 

In order to fpare the time and expence of fuel, they have, 
in fome furnaces, lately contrived a hole, through which they 
fuffer the main part of the liquid flag to flow out, before 
they tap the furnace for the lead \ upon the little remaining 
flag they throw a fmall portion of lime, and draw the mix- 
ture out of the furnace without fmelting it. This kind of 
furnace they have nicknamed a maccaronu 
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Dr. Watfon has fuggefled fome improvements in the con* 
flruCtion of this furnace, and in the procefs of fmelting above 
deferibed. He propofes to fubftitute an horizontal chimney 
in the place of the perpendicular one now in ufe, and that 
the end farthefl from the fire fhould be turned up by a 
tube of earthen-ware, or otherwife ; fo that the fulphureous 
acid, fet at liberty during the burning of the fulphur, may 
iffue out in a direction parallel to the flue of the chimney, 
and at the diflance of about one foot and a half above it. 
Let a number of large globular veffels be made either of glafs 
or lead, each of which mull have two necks, fo as to be 
capable of being inferted into one another : let thefe veffels 
be placed in the flue of the chimney, the neck of the firft 
being inferted into the above-mentioned tube, and the neck 
of the lad being left open, for fear of injuring the draught 
of the furnace. Let each of thefe globular veffels contain 
a fmall quantity of water, in which cafe, he apprehends, 
that the heat of the flue will raife the water into vapour, and 
that this watery vapour will be the means of condenfing the 
fulphureous acid vapour, in fuch a degree as to render the 
undertaking profitable. When the fulphur is all confumed, 
the draught of the furnace may be fuffered to have its ordi- 
nary exit at the end of the horizontal chimney, by a very flight 
contrivance of a moveable damper. 

The fame ingenious writer alfo obferves, that very ful- 
hureous ore fhould be roafted for a long time with a gentle 
eat. He alfo propofes to leave as little lead as poffible in 
the flag; for this purpofe he fuggetts, that it might be 
ufeful to throw a quantity of charcoal-dufl upon the liquid 
fcoria in the cupola furnace, in order that the calcined lead 
might be converted into lead, by uniting itfelf to the inflam- 
mable principle of the charcoal ; and that it might be alfo 
ufeful to flux fulphureous lead-ores in conjunction with the 
feales or other refufe pieces of iron, or even with fome forts 
of iron-ore. 

The fmelter might farther find it worth his while to re- 
duce the flag into a powder by a flamping mill, or to grind 
it by any other contrivance, and then he may feparate the 
flony part of the flag from the metallic, by wafhing the whole 
in water, inafmuch as the metallic part is heavier than the 
other. Watfon’s Chem. Eff. vol. iii. p. 253, &c. 

The other furnaces ufed in fmelting are fupplied with 
large bellows, moved by the arbor of a wheel, which is 
turned round by a current of water. Thefe have obtained 
different names, according to fome difference in their con- 
ftru&ion. Their greater or lefs height gives occafion alfo 
to the diftinftion of high furnaces and middle furnaces . The 
high furnaces are of modern invention ; they were firft intro- 
duced at Mansfelt in 1727, and are now ufed in almoil all 
countries where ores are fmelted, as in Saxony, Bohemia, 
Hungary, See . They contribute, by their great height, bejng 
above eighteen feet high, which allows the ore to undergo a 
roafting by different degrees of heat before it is melted, to 
Amplify and diminifh the labour. They are chiefly em- 
ployed for crude fufions, and particularly for the flate 
copper-ore. 

In order to facilitate the extraction of metallic fubftances 
from the ores and minerals containing them, fome operations, 
previous to the fufion or fmelting of thefe ores and minerals, 
are generally neceffary. Thefe operations confiil of, 1. The 
feparation of the ores and metallic matter from the adhering 
unmetallic earths and ftones, by hammers, and other me- 
chanical inftrumente, or by wafhing with water. 2. Their 
divifion or redudion into fmaller parts by contufion and 
trituration, that by another wafhing with water they 
may be more perfectly cleanfed from extraneous matters, 
and rendered fitter for the fubfequent operations. 3. Roafl- 
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ingi or calcination, the ufes of which operation are to ex- 
pel the volatile, ufelefs, or noxious fubftances, as water, 
vitriolic acid, fulphur, and arfenic ; to render the ore 
more friable, and fitter for the fobfequent contufion and 
fufion ; and, laftly, to calcine and dcftroy the viler metals ; 
for inftanoe, the iron copper-ores, by means of the fire, and 
of the fulphur and arfenic. Stones, as quartz and flints, 
containing metallic veins or particles, are frequently made 
red-hot, and then extinguifhed in cold water, that they may 
be rendered fufficiently friable and pulverable, to allow the 
feparation of the metallic particles. 

Roafling is unneceflary for native metals ; for fome of the 
richer gold and filver-ores ; for fome lead-ores, the fulphur 
of which may be feparated during the fufion ; and for many 
calciform ores, as thefe do not generally contain any fulphur 
and arfenic. 

In the roafling of ores, the following attentions mufl be 
given: i. To reduce the mineral previoufly into fmall lumps, 
that the furface may be increafea ; but they mufl not be fo 
fmall, nor placed fo compa£tly, as to prevent the paffage 
of the air and flame. 2. The larger pieces mufl be placed 
at the bottom of the pile, where the greateft heat is. 
3. The heat mufl be gradually applied, that the fulphur 
may not be melted, which would greatly retard its expul- 
fion ; and that the fpars, fluors, ana (tones, intermixed with 
the ore, may not crack, fly, and be difperfed. 4. The ores 
not thoroughly roafted by one operation mufl be expofed to 
a fecond. 5. The fire may be increafcd towards the end, 
that the noxious matters more ftrongly adhering may be 
expelled. 6. Fuel which yields much flame, as wood and 
foffile coal* free from fulphur, is faid to be preferable to 
charcoal or ^oaks. Sometimes cold water is thrown on the 
calcined ore at the end of the operation, while the ore is yet 
hot, to render it more friable. 

No general rule can be given concerning the duration or 
degree of the fire, thefe being very various according to the 
difference of the ores. A roafling during a few hours or 
days is fufficient for many ores ; while fome, fuch as the 
ore of Rammelfberg, require that it fhould be continued 
during feveral months. 

Schlutter enumerates five methods of roafling ores. 1. By 
conftru&ing a pile of ores and fuel placed in alternate ftrata, 
in the open air, without any furnace. 2. By confining fuch 
a pile within walls, but without a roof. 3. By placing the 
pile under a roof, without lateral walls. 4. By placing the 
pile in a furnace confining of walls and a roof. 5. By 
roalting the ore in a reverberatory furnace, in which it mull 
be continually ftirred with an iron rod. 

Several kinds of fufions of ores may be diftinguifhed. 
1. When a fulphureous ore is mixed with much earthy mat- 
ter, from which it cannot be eafily feparated, by mechanical 
operations it is frequently melted, in order to difengage it 
from thefe earthy matters, and to concentrate its metallic 
contents. By this fufion, fome of the fulphur is difiipated, 
and the ore is reduced to a Hate intermediate betwixt that 
of ore and of metal. It is then called a matt (lapis ful- 
phureo-metalliaus), and is to be afterwards treated like a 
pure ore by the fecond kind of fufion, which is properly the 
fmclting, or extra&ion of metal by fufion. 2. By this 
fufion or fmclting, the metal is extracted from the ore 
previoufly prepared by the .above operations, if thefe be 
neceffary. 

The ores of fome very fuhble metals, as of bifmuth, may 
be fmclted by applying a heat fufficient only to melt the 
metals, which are thereby feparated from the adhering ex- 
traneous matters. This fenaration of metals by fufion, 
without the vitrification of extraneous matters, may be 


11 

called cliauation • Generally, a complete fufion of the orr 
and vitrification of the earthy matters are neceffary for the 
perfeft reparation of the contained metals. By this me* 
thod, metals are obtained from their ores, fometimes pure, 
and fometimes mixed with other metallic fubftances, from 
which they mult be afterwards feparated. To procure this 
feparation of metals from ores, thefe muft be fo thinly 
liquefied, that the fmall metallic particles may difengage 
themfelVes from the fcoria ; but it mufl not be lo thin as to 
allow the metal to precipitate before it be perfe&iy difen- 
gaged from any adhering extraneous matter, or to pervade 
and dcftroy the containing veffels and furnace. Some ores 
are fufficiently fufible ; but others require certain additions, 
called fluxes , to promote their fufion, and the vitrification 
of their unmetallic parts ; and alfo to render the fcoria 
fufficiently thin to allow of the feparation of the metallic 
particles. 

Different fluxes arc fuitable to different ores, according 
to the quality of the ore, and of the matrix, or Hone ad- 
herent to it. 

The matrixes of two different ores of the fame metal 
frequently ferve as fluxes to each other ; as, for inflance, 
an argillaceous matrix with one that is calcareous ; thefe 
two earths being difpofed to vitrification when mixed, 
though each of them is fingly iufufiblc. For this reafon, 
two or more different ores to be fmelted are frequently 
mixed together. 

The ores alfo of different metals require different fluxes. 
Thus, calcareous earth is found to be beft fuited to iron 
ores, and fpars and fcoria to fufible ores of copper. 

The fluxes mod frequently employed in the fmelting of 
ores, are calcareous earth, fluors or vitreous fpars, quartz, 
and fand, fufible flones, as flatcs, bafaltes, the feveral kinds 
of fcoria, and pyrites. 

Calcareous earth is ufed to facilitate the fufion of ores of 
iron, and of fome of the poorer ores of copper, and, in 
general, of ores mixed with argillaceous earths, or with fel- 
lpar. This earth has been fometimes added with a view of 
(eparating the fulphur, to which it very readily unites : but 
by this union, the fulphur is detained, and a hepar is formed, 
which readily diffolves iron and other metals, and fo firmly 
adheres to them, that they cannot be feparated without 
more difficulty than they could from the original ore. This 
addition is therefore not to be made till the fulphur be pre- 
vioufly well expelled. 

Fluors, or fufible fpars, facilitate the fufion of mofl 
metallic minerals, and alfo of calcareous and argillaceous 
earths, of fteatites, afbeftus, and of fome other infulible 
(tones, but not of filiceous earths without a mixture of cal- 
careous earth. 

Quartz is fometimes added in the fufion of ferruginous 
copper ores, the ufe of which is faid chiefly to be, to enable 
the ore to receive greater heat, and to give a more perfe& 
vitrification to the ferruginous fcoria. 

The fufible ltones, or Hates, bafaltes, are fo tenacious 
and thick when fufed, that they cannot be confidercd pro- 
perly as fluxes, but as matters added to leffen the too great 
liquidity of fome very fufible minerals. 

The fcoria obtained in the fufion of an ore is frequently 
ufrful to facilitate the fufion of an ore of the fame metal, 
and fometimes even of the ores of other metals. 

Sulphurated pyrites greatly promotes the fufibility of the 
fcoria of metals, from tne fulphur it contains. It is chiefly 
added to difficultly fufible copper ores, to form the ful- 
phureous compounds called malts % that the ores thus brought 
into fufion, may be feparated from the adhering earthy mat- 
ters, and that the ferruginous matter contained in them may 
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be dellroyed, during the fubfequent calcination and fufion, 
by means of the fulphur. 

As in the ores called caIciform> the metallic matter exifts 
in a calcined Hate ; and as calcination reduces the metals of 
mineralifed ores ( excepting the perfeft metals) to that ftate 
alfo ; therefore all calciform and calcined ores require the 
addition of fome inflammable fubflance to reduce them to a 
metallic ftate. In great works, the charcoal or other fuel 
ufed to maintain the fire, produces alfo this efteft. 

Metals are fometimes added in the fuiion of ores of other 
more valuable metals, to abforb from thefe fulphur and 
arfenic. Thus, iron is added to fulphurated cupreous and 
filver ores. Metals are alfo added in the fufion of ores of 
other more valuable metals, to unite with and collett the 
fmall particles of thefe difperfed through much earthy mat- 
ter, and thus to aflilt their precipitation. With thefe in- 
tentions, lead is frequently added to ores and minerals con- 
taining gold, filver, and copper. 

Ores of metals are alfo fometimes added to aflifl the pre- 
cipitation of more valuable metals. Thus, antimony is fre- 
quently added to aflilt the precipitation of gold intermixed 
with other metallic matters. Macquer’s Chem. l)i&. Eng. 
edit. art. Smelting note m. See Coem, Gold, Ikon, 
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Lead, Silver, Tin, &c. See alfo Schlutter's Treatife 
on the Smelting of Ores, tranflated from the German into 
French by M. Hellot, and Chem. Di&. art. Smelting Eng. 
ed. notes n , o>p y q. 

The following Ample method of fmclting is praftifed by 
the natives of the province of Mekran in Perfia ; which, 
although it may, at times, leave a trifling portion of the 
earth mixed with the metal, is, from its ingenuity, worthy 
of notice. When a fufficient quantity of the ore is col- 
lected, it is placed upon a pile of wood, which is fet on 
fire, and constantly replenifhed with frefli fuel, until the ore 
melts and falls to the bottom, when it is feparated from the 
allies, and found to be confiderably clearer than when firft 
taken from the mine. It is then placed in a pit, made of 
earthen tiles, fo conftrufted as to admit a fire under it. 
The ore is again melted in this pit, and a confiderable quan- 
tity of the drofs and dirt removed, by Ikimming the furface. 
After this procefs, the metal is lifted out in a liquid ftate, 
poured into hollow cylinders of clay, and then fold. 

Smelting-Z/cw/?’, a houfe where they run and melt the 
ore into lead : one of thefe will run a ton in ten or twelve 
hours ; but a fodder is their ufual day’s work, that is, twenty- 
two hundred and an half weight. 
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SOAP, in Chemijlryi is a name for thofe bodies which 
are compounds of the alkalies with fat and the fixed oils. 
The earths and the other metallic oxyds alfo combine with 
fat and oils, forming neutral compounds. The former hare 


been called earthy, and the latter metallic foaps. 

The foaps formed by the alkalies have the diftinguifhing 
character of being folublain water and alcohol The earthy 
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foaps air perfe&ly infoluble. And fince any of the earths 
have a ftronger attraction for oil than the alkalies, the aika- 
line foaps are always decomposed by the earths. This occa- 
sions the curdy appearance when foap is ufed with water 
containing any earthy or metallic fait. It is from this qua- 
lity that waters are faid to be hard. 

The earthy foaps are of a greyifh-white colour, of a curdy 
appearance. The metallic foaps are of different colours. 
Both thefe and the earthy foaps are formed by adding a 
folution of an alkaline foap to a Solution of an earthy or 
metallic fait. A precipitate is formed, which is the foap to 
be obtained. With a folution of iron containing the red 
ox yd, the foap is of an orange-red colour. It has the con- 
fiilency of a falve or plafter, but by expofure to the air it 
becomes dry and friable, but may be Softened by heat. 
When a Similar folution of foap is added to a folution of ful- 
phate of copper, a green foap is formed, which is a fluxible 
rnafs like wax. Corrofive fublimate, treated in this manner, 
gives a red foap. All the metallic ox yds may be combined 
with fat or oil in a Similar way. 

Soap, in the ManufaQures and Domejlic Economy. This is 
confined to foaps made with the fixed alkalies, combined with 
different kinds of fat and oil. Thefe, in the manufa&ure 
of foap, are divided into two principal varieties, viz . hard 
and foft. 

i. Hard Soap . — The alkali employed for hard fo3p is 
foda, generally obtained from the different fea vegetables, 
and called by different names, according to the name of 
the plant in different countries. Molt of the alga, but 
particularly the fucus and falfola , afford Soda by burning. 
The vegetables are firfl dried, and then burnt in pits formed 
with loofe ftones. The earthy matter and the Soda, with 
fome neutral Salts, fufe into a crude mafs, in which Hate it 
is fold. This fubltance is furnifhed in great abundance from 
the Highlands of Scotland, under the name of help, and from 
Alicant in Spain, under the name of barilla . In France it is 
known by the name of varec ; this being the name of the 
plant from which it is generally produced there. 

It is commonly, however, in this Hate that it comes to the 
foap-maker, varying frequently in its value, and often occa- 
sioning much uncertainty in its employment. It fhould be 
the firft bufinefs, therefore, of the manufa&urer, to affay the 
fubftance from which he gets his alkali, even before be pur- 
chafcs it. For this purpofe a given quantity fhould be 
dried and weighed. After reducing it to powder, it muff be 
treated with hot rain-water, till the water coming from it 
has no tafte, referving all the portions of water added from 
time to time. Concentrate this liquid by evaporation, till 
the quantity of liquid is not more than three times the weight 
of the quantity taken to be allayed. Now weigh out a 
quantity of iulphuric acid, fay half the weight of the affay. 
From this quantity take Small portions at a time, and add 
them to the folution above-mentioned, ftirring it at the fame 
time with a wooden rod. When the efcape of gas begins to 
diminifh on the addition of frefh acid, let the additional por- 
tions be very fmall. Now take bits of paper ffained blue 
with litmus : on dipping one into the liquid, if more acid is 
wanting, the paper will not be changed, but the moment 
the paper is turned red by the liquid, ceafe to add ful- 
phuric acid. Let the remaining acid be now weighed, in 
order to know what has been ufed, and note this down. Now 
take pure fal foda (carbonate of foda) in well-formed cryf- 
tals, exa&ly of the fame weight with the firft affay, and dif- 
fuse it in three times its weight of pure water. Weigh out 
the fame quantity of fulphuric acid as before, and jull fol- 
low the fame tteps as above dire&ed, till the litmus paper juft 
turns red, then weigh the remaining acid, to obtain the quan. 
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tity ufed, and note down as before. Then fay, as, the acid 
confumed by the fal foda is to that confumed by the affay, 
fo is ioo to a number which will give the per centage of 
carbonate of foda contained in the crude alkali. Thirty per 
cent . of the carbonate of foda fo indicated will be real ioda, 
the only fubft ance which combines with the fat to form foap. 
When the exa& value of the alkali is known, it is then to be 
treated as follows, to prepare it for mixing with the fat. 

The kelp or barilla is firft to be pounded, and then mixed 
with one-fifth its weight of quicklime, in a large vat. Thefe 
vats are generally three or four in number to ,each boiler. 
They are frequently made with brick-work, from four to 
five-feet cubes, but fometimes of call -iron. Befides thefe vats 
for the infufion of crude alkali, each of thefe has a fimilar 
cavity under it. The bottom of the vat is even with the 
ground, the under vat being funk below, and is intended to 
receive the liquor which runs from a plug-hole in the upper 
vat, when the infufion has gone on to a certain extent. One 
of thefe vats, with its under refervoir, is fufficient for one 
boiling, but they are generally all at work, in order to give 
time for the folution of the alkali from the crude mafs. 

In charging a vat, the barilla, kelp, or potafh, and fome- 
times mixtures of thefe, are firlt coarfely powdered, and 
mixed with quicklime alfo coarfely powdered ; fome water is 
then thrown upon thefe to flake the lime. In the fide of the 
vat fome ftraw is firfl placed about the plug-hole, to prevent 
bits from palling through. The vat is now charged, and 
water poured upon the materials till it (lands considerably 
above the folid mafs. After (landing feveral hours the plug 
is withdrawn, to let out the folution into the lower refervoir. 
The plug is now returned, and frefh water poured upon the 
materials. Some or all the firft ley is now removed into one 
of the other lower refervoirs before the fecond infufion is 
drawn off. This is done, that the foap-boiler may always 
have at command two leys of different degreee of ftrength, 
as in the courfe of every boiling he finds it neceffary to ufe 
fometimes the weak and at other times the ftrong. 

The number of waters to be added to the materials de- 
pends upon the judgment of the workman, who by his 
tafte can tell when the water has diffolved the whole of the 
alkali. The times of charging the vats are irregular with 
refpecl to the times of charging the boiler. Some one of 
the vats is conftantly employed, in order to infure a con- 
ftant fupply of the ley. 

The boilers are made to hold from about 20 to 25 cwt. of 
foap ; they are made in two parts, the lower part being about 
three feet in diameter, and the fame in length : under the 
bottom of this the fire a&s. The top part has a flange, to 
which the upper part is ferewed. The latter is nearly an 
hemifphere, riling above the floor juft fufficient to allow the 
workman to ftir the foap when he (lands up. 

The ley being ready to lade out of the refervoir, which 
is near to the boiler, the tallow or oil firft weighed is put 
in. When it is (ufficiently melted, the workman begins by 
adding the ley, and ftirring the mixture. The alkali and 
the oil foon begin to unite, forming a milky fluid. As more 
ley is added, and the ftirring continued, the liquid thickens. 
This is continued generally for 30 hours, and frequently 
more, till fmall portions of the foap, taken out from time 
to time, affume a proper confidence, which the workman 
by conftant experience underftands. He now adds a quan- 
tity of common fait, which has the effect of feparating the 
watery part from the foap, which contains a portion of 
neutral lalts, that exifted in the crude alkali, and fometimes 
alfo free alkali, cfpecially when more than enough has been 
added. The fire is now to be withdrawn, and the mafs left 
to cooL The watery part will be found at the bottom, and 
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requires to be pumped out bj a pump, which is a fixture 
on the fide of the boiler, when this has been removed 
the fire is rekindled, and if the mafs does not melt freely, 
a little water is added. As foon as the whole becomes 
liquid, and is made uniform by agitation with wooden poles, 
the fire is again withdrawn, and the mafs allowed to affume 
a proper confiftence for lading. It is laded into fquare 
moulds: thefe are compofed of a number of ftrata lying 
one upon another, fo that when the foap has become folia, 
each layer of frame- work can be removed, beginning at 
the top, and the foap is cut into cakes with a piece of 
fmall brafs wire at every interval : thefe cakes are after- 
wards cut into fquare prifmatic pieces, in which ftate they 
are fold. 

Some manufa&urerg proceed in a different manner in boil- 
ing the foap. In the method above deferibed, and which is 
pra&ifed by a judicious foap-boiler in Derby, the watery 
part, or what is called the fpent ley, is not feparated till 
all the ley is added. This method is called clofe working, 
becaufe the liquid is of an uniform thicknefs all the time, till 
the fait is added : it then affumes what is called the granular 
form, in which the watery part is feparated from the foap, 
like the whey and the curd in making cheefe. This arifes 
from the foap being infoluble in falt-water. In this ftate 
the foap is faid to be open, to diftinguifh it from the 
ftate in which it exifts before the fait is added, and in 
which the foap is faid to be clofed. In the open working 
the common fait is added at feveral intervals, in order to 
keep the foap feparated from the water. The fire is alfo 
withdrawn feveral times, and as many times the fpent leys 
are pumped off. After each time, except the laft, frefh 
ley is added and the ftijring repeated. The proper ftate 
for the foap is known by the appearance of the bubbles. 
The very hard foap, or that which is made with all foda, is 
not the moft convenient for pra&ice ; it is neither fo fit for 
wafhing the hands, nor fo eafily reducible to a pulpy ftate 
for the different manufa&ures in which it is employed. 
The hard white foap, produced in the manufa&ory above 
alluded to, is in great repute from its whitenefs and its proper 
confiftency. This foap is formed with tallow and a mix- 
ture of foda and potafh. The boiler holds from d>out 25 to 
27 cwt. of foap. The following are the average proportions 
of the materials employed ; 13 cwt. 2 qr. i 6 u >8. of tallow, 
5 cwt. 3qr. 12 lbs. barilla, 3 cwt. 2qr. 6 lbs. American 
potafh, 4 cwt. 2 qr. 7 lbs. quicklime, and 3 qr. 16 lbs. 
common fait (muriate of foda.) Thefe materials produce 
I ton 4cwt. o qr, 1 lb. of white foap. The lime, the 
barilla, and the potafh, are mixed together, and placed in 
the vat already deferibed. In order to furnifh the ley 
which is added to the melted tallow, the lime is em- 
ployed merely to rob the potafh and foda of their carbonic 
acid, and of courfe does not enter into the compofition of 
the foap. The neutral falts, which both the barilla and 
potafh contain, are pumped out with the fpent leys with a 
portion of uncombined alkali : of this we fhall lay fome- 
thing hereafter. 

Hence it will appear, that the foap is a compound of 
pure alkali, with the fat, and a portion of water. 

In the making of foap, as in all other chemical combina- 
tions, the proportions appear to be definite. Every foap- 
boiler knows, that where too much ley is added to the fat, 
the excefs will be found in the watery part under the foap ; 
and that if the fat were in excefs, the foap would be greafy 
to the feel, and would otherwife fhew the prefence of un- 
combined fat. Hence it will be found on analyfis, that the 
proportions will be uniform, becaufe they are definite. The 
quantity of foda which combines with olivc-oil and tallow, 
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is about 30 of the former to 212 of the latter; and flnee 
an atom of potafh is to that of foda as 29.25 to 44*5, 
45 of potafh will combine with 212 of oil or tallow. 

The following is an analyfis of foap by Darcet, Lelievre, 
and Pelletier : 

Oil 

Soda 

Water - 

100 

If the alkali were potafh inftead of foda, then the pro- 
portions would be, 

Oil 

Potafh ... 

Water - 

100 

In the firft of thefe analyfes, the foda is to the oil as 
85 to 609, or as i to 7.28 nearly. In the fecond, the potafh 
is to the oil as 12.3 to 58.4, or as 1 to 4.6 nearly. The 
fpecimen of foap before alluded to contains a mixture of 
potafh and foda. The 3 cwt. 2qr. 6 lbs. of American 
potafh, according to the average value of that article, ought 
to give 2 cwt. 2 qr. of pure potafh. By the above ana- 
lyfiB, the 1 ton 4 cwt. oqr. ilb. of foap ought to contain 
7 cwt. 1 qr. 7 lbs. of water. There ought to be therefore 
only 16 cwt. jqr. 2 libs, of the alkali and tallow. It 
appears, that in forming this fpecimen of foap, 100 lbs. of 
common fait were added, which gives to the foap 55.5 lbs. of 
foda, and takes away from it 83.25 lbs. of potafh. Hence, 
the alkali refulting from the potafh in this foap will be 
l cwt. 3 qr., and 55.5^8. of foda derived from the common 
fait, or 2qr. 4 lbs. nearly. In order to know what foda 
is derived from the barilla, we mult fubtraft the tallow and 
the alkali from the whole ; that is (16 cwt. aqr. 27 lbs.) 

I cwt. 3qr. of potafh, 2qr. of foda, and 13 cwt. aqr, 

1 6 lbs. of tallow, will leave 3qr, 6 lbs. of foda derived 
from the barilla. % 

The proportions of the foap in queftion will, therefore, 
be, in 2689 lbs. of foap, 


Tallow 

1528 

Soda 

146 

Potafh 

196 

Water - 

819 


*00 

This refult, although it contains a little too much of the 
mixed alkali to corretpond with theory, is ltrikingly near 
the truth. We may therefore conclude, that loap, in 
general, contains from 8 to 1 2 ter cent . of alkali, as more 
or lefs of each prevails, and about 30 per cent . of water. 
The hardeft white foap made with foda would contain 
8 per cent . ; and the loft foap, in which potafh alone is ufed, 
would be a little more than 1 2 per cent . 

In the above fpecimen of hard foap, it will be feen that 
398 lbs. of crude potafh furnifh 280 lbs. of real alkali, 
which is feven-tenths of the whole. With this were em- 
ployed 656 lbs. of barilla, which furnifh 90 lbs. of real 
alkali. Now 192 lbs. of American potafh will produce 
135 lbs. of pure potafh, and this will difengage from 
126 lbs. of muriate of foda, or common fait, 90 lbs. of 
pure foda. Hence 192 lbs. of American potafh and 126 lbs. 
of fait will produce as much foda as 656 lbs. of barilla. 
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This weight of barilla, at the prefent price, cofts io/. 5/. 2 
192 lbs. of potafh will now coll 6/. 17 /. ; and 126 lbs. of 
common fait, 1 /. 17 /. Thefe two fums are 8/. 14 s. The 
faving, therefore, in employing potafh and common fait, in 
making even the bell hard white foap, inltead of barilla, ij 
nearly 5 per cent . But if the two alkalies are to be con- 
tained in equal proportions, then about half the common 
fait only need be ufed, and the faving will be very confider- 
able. It will alfo appear evident, that foap may be made 
of any degree of hardnefs, by tiling more or lefs of common 
fait with the potalh ; and that if no fait at all be ufcd, the 
foap will be foft. 

The difference of price between barilla and potalh is often 
much more than at prefent in favour of ufing potafh : this 
will make the laving above mentioned more conlpicuous. 

It mull alfo be remembered, that fome fait is always ufed 
for the purpofe of feparating the fpent ley s from the foap. 
This has been ftated at about three-quarters of a cwt. to 
24 cwt. of foap. It feems that a folution of fait of this 
Hrength does not dilfolve foap. 

Hard Soap t Yellow . — This foap is formed of fimilar 
proportion^ of loda and tallow with the lail ; but it alfo 
contains rofm, and fometimes palm oil. 

The following are the average proportions of the ma- 
terials for making yellow foap, which may be relied upon. 


Tallow. 

Rofin. 

PillTl Oil. 

Barilla. 

Pot.ifh. 

l.imr. 

Sonp 
product d. 

Cwt.qr. lb. 

13 0 11 

32 H 

IOO 

i 

6 2 14 

I O I^j 5 O 9 

26 I 21 


The whole weight of the materials, exclufivc of the lime* 
and the refufc of the potafh and barilla, is equal to 
24 cwt. o qr. 1 lb. ; the foap, independent of the water it 
contains, is 18 cwt. o qr. 25 lbs.: tins, taken from 24cwt. 
oqr. 1 lb. leaves 5 cwt. 3qr. 4lbs. for the relufc of the tallow, 
rofin, and palm oil. That the tallow mull make much wafte 
will be eafily conceived, from the mofl inferior kind being 
ufed. The rofin and oil mull alfo yield much refufc. This 
refufe is found all together at the bottom of the pan after 
boiling, and is known in the manufactories under the name of 
nigre. 

In boiling the yellow foap, the rofin, oil, and tallow are put 
into the boiler firit. The ley is prepared in a fimilar vat, and 
managed in other refpc&s m the fame mode as in forming 
the white foap. 

The manner too of adding the ley from time to time, ami 
the llirring, are juft kept up in a fimilar way, till the fatty 
matter is fully faturated. The time required tor boiling the 
quantity of foap Hated above, is fometimes as much as three 
weeks, during which tune it is kept in what is called the open 
Hate, that is, the watery part is completely feparated from 
the foap. It would appear that this foap requires merely the 
prefence of the neutral l’alts in ley to keep it in the open Hate. 
This arifes probably from this being a lefs perfe& foap, and 
lefs foluble in water. The foap appears in fmall lumps, 
perfectly detached from the fluid. At the end of every 
day the foap is allowed to cool, when the thin part finks 
to the bottom : this is fpent ley, and is pumped off every 
morning. The fire is again raifed, and frefh leys added : 
the boding and Hirring go on again. This action is re- 
peated till the fat is laid to be killed. This, as we have 
obferved, takes fometimes fifteen or twenty days. When 
thiB change is complete the fire is withdrawn, and the mafs 
allowed to cool : the laff ley is pumped out. The addition 
of a little water, and the fire being raifed, allow the foap 
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to be diffolved, and the refufe, which is principally the fub- 
ffance we have called nigre, is left at the bottom, perfe&ly 
diffinft from the foap. When the foap is of a proper con- 
fidence for caking, it is transferred to the moulds, where it 
is treated in a manner fimilar to that already deferibed in the 
white foap. 

It is a queHion, whether making this inferior foap is fo pro- 
fitable to the manufa&urer as is fuppofed. It has appeared, 
that in making the quantity of (nap above Hated, which is 
26 cwt. o qr. 21 lbs., there are 5 cwt. 3 qr. 4 lbs. of refufe, 
which is principally in the nigre. This refufe will be found 
very trifling in the white foap ; we think not more than r * t th 
of the weight of the foap. It will be evident, that in making 
the yellow foap, a great quantity of matter is ufed which 
never combines. Would it not be more economical to 
purify thefe materials before hand? 

Soft Soap . — This differs in its compofition from hard, in 
containing no alkali, but potalh. We have feen that hard 
foap may be made not only with pure foda, as is the cafe in 
the manufactories in the fouth of France, but that a tole- 
rably hard foap, much better fitted for practice, is made with 
about equal portions of potalh and foda. 

Soft foap made with colourlefs fat, Inch as tallow, is a 
white un&uous fubffance, about the confillency of lard. If 
the fat be coloured, the foap partakes of the fame. In 
France and other parts of the continent, it is generally 
coloured, fometimes with metallic oxyds. Thofe made with 
yellow oil are fometimes coloured with indigo, winch gives 
them a green colour. The oils employed are fcklorn olive- 
oil, but the cheaper oils, fucli as rape-oil, the oil of heinp- 
feed, lint-feed, and others. 

In Holland it was made with whale-oil. This oil was 
forbidden on fome parts of the continent, on account of its 
difagrceable fmelL In this country, however, all the foft 
foapn are made with whale-oil, which gives a tranfparent 
mats of a yellow colour. In commerce, however, we do 
not find it uniform in its colour. Befides the yellow 
part, it appears interfperfed with white fpots, giving the 
whole a ilrong rcfemblance to the in fide of a dried fig. 

The proportions of potafh and oil, for forming foft foap, 
will be eafily inferred from what has been obferved in the 
proportions of the other foaps. The white Ipecks are pro- 
duced by adding a portion of tallow to the oil, when the 
boiler is charged. This addition does not improve the foap, 
but habit in commerce has rendered it indifpenfable. The 
ley is prepared by adding to the potalh about three-fourths its 
weight of quicklime, and the procefs is continued as directed 
in making the hard foap, uling the fame apparatus. The ley, 
when prepared, is to be added to the oil and tallowin the boiler 
at intervals, fimilar to thofe in making the hard foap, and the 
Hirring kept up in the fame way, till the mafs affumes a 
proper confillency. The experienced foap-maker will judge, 
when the materials are in proper proportions, by the ap- 
pearance of the foap when boiling ; hence he knows when 
to ccafe to add more k‘y. Should a ff ranger to the procefs 
of making either kind of foap have to perform the talk, 
he would require to know tne proportions in which the 
alkali ought to bear to the oil. He would weigh his oil or 
tallow when he put it into the boiler ; he will affay his ley 
by the method laid down in the commencement of this 
article, and by that means know how much real alkali is 
contained in a given meafure of his ley. He will by this 
means know nearly when he had added a fufficient quantity 
of ley to faturate the oil or fat. In the foap made with 
foda, the real alkali muff be to the oil as 1 to 7*28, and that 
with all potafh muff be as 1 to c.i neyly. This of courfe 
will be the proportion for foft foap. When the foft foap is 
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of a proper confiftcncy for caking, it is poured into barrels, 
in which it is fold. 

Soaps, particularly the hard, are frequently reduced in 
their value, by the fraudulent pra&ice of keeping them 
wet. The common or proper Hate is when they contain 
about 30 per cent . of water ; but they may, by a nefa- 
rious management, be made to contain 60 per cent, which 
is a great impofition. This fraud, like many others, is 
dete&ed when it is too late. It is found to lofe weight 
rapidly by expofure to the air. 

Before we clofe this article, we may point out fome 
means of economizing the ufe of the alkali in foap-making, 
which, in very exteufive manufactories, is worth attending 
to. In the firfi place, it fhould be obferved, that the fpent 
leys always contain free alkali, and it is generally added a 
fccond time, in order that as much as pomble of it may be 
taken up. It is found, however, by experience, that iome 
will itiil be found in folution, which the fat will never 
take up. Tliis is owing to the fame liquid containing 
fevcral neutral falts in folution. If this liquor be evapo- 
rated to a certain extent, and fet to cool in (hallow veflels, 
the neutral falts will cry ftallize and feparate from the liquid 
to a certain extent. The liquid part may then be eva- 
porated a fccond time, and again cryflallized. The liquid, 
after thefe falts have been feparated, may now be added to 
the fat, and the alkali will combine with it. If barilla or 
kelp is the alkali, then the liquid ought to have a little 
lime added, which evaporating, ferves to take the carbonic 
acid from the foda. Without this precaution the carbonate 
of foda would cryfiallizc with the other falts. With potafh 
this precaution is umicccflary. 

The falts which are feparated from barilla and kelp are 
chiefly muriate and fulphate of foda. The former may be 
ufed as a fubllitute for fait in the lafi part of the proccfs 
of boiling. The fulphate of foda may be fufed with faw- 
dutl or powdered coal in a reverberatory-furnace. The ful- 
phuret of foda is produced, from which the alkali may be 
recovered. Perfumed foaps are eaiily formed by adding 
the different effential oils while the foap is in a liquid form, 
but not while very hot, becaufe the perfume would eva- 
porate. The faponaceous liquid, called milk of rofes, is 
formed by mixing the liquid obtained by expofing potafh to 
the air with rofe- water, and then adding this to oil of almonds, 
till the mixture becomes milky without being greafy. 

Ball Soap , commonly ufed in the North, is made with 
lees from afhes and tallow. The lees are put into the 
copper, and boiled till the watery part is quite gone, and 
there remains nothing in the copper but a fort of faline 
matter (the very Hrength or efl'ertce of the ley) ; to this 
the tallow is put, and the copper is kept boiling and ilirring 
for above half an hour, in which time the foap is made ; 
and then it is put out of the copper into tubs, or bafkets, 
with flieets in them, and immediately (whilll foft) made 
into balls. Note, it requires nearly twenty-four hours, in 
this procefs, to boil away the watery part of the ley. 

The fimplell, and upon the whole the moft beautiful, 
foap, is the fine white foap prepared from olive-oil and 
foda, extracted from the beft barilla, which is manufactured 
largely in the countries where the olive grows ; particularly 
in the fouth of France, for which Marfeilles is the molt 
celebrated, in fome parts of Italy, and in Tripoli. A 
fimilar, but more expenfive foap, is made of foda and oil of 
almonds for medicinal purpofes. (See SAro Amygdaltnus. ) 
What is called in our country “ Windfor foap” is of this 
kind, prepared with either of the above-mentioned oils. 
Common loap i:i manufactured principally by our foap- 
boilers from tallow or any other fat; and the alkali em- 
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ployed is either barilla or pearl-afli, or a mixture of the tw<% 
according to the price and the practice of the manufacturer. 
But in order to obtain a Hiff fait, recourfe is had to the 
a&ion of common fait, as we have already mentioned. The 
olive-oil, or Marfeilles and other foaps, are fometimes arti- 
ficially « marbled,* * or itreaked throughout their whole 
fubftance with red or blue veins. This foap is harder 
than the white foap of the fame materials, becaufe it re- 
quires to be dried to a greater degree in order to take the 
marbling. This is performed, by adding to the foap, as 
foon as it i6 completely made and feparated from the fpent 
ley, a frefh quantity of ley, and immediately afterwards a 
folution of fulphate of iron. A decompomion between 
the two takes place, and a black oxyd of iron is feparated, 
which is entangled within the liquid foap. The boiler is 
then cooled, and the ley which fettles is drawn off ; after 
which the foap is again melted. A workman then Hands 
over the boiler, and ftirs the foap with a wooden infiru- 
ment, while another throws in at intervals a quantity of 
colcothar, or brown-red oxyd of iron, ground up with water 
into an unifonn liquid. This diflu fes both the oxyds 
through the foap, which is then cooled and framed. This 
procefs requires fome manual dexterity, fo that the ingre- 
dients may be flirred together, and the marbling fufficiently 
diffufed through the whole mafs, without mixing it com- 
pletely. 

Soap is much ufed in wafliing and whitening linens, cleanf- 
ing woollen cloths from oil, whitening filk, and freeing it 
from the refinous varnifli with which it is naturally 
covered ; and for various other purpofes, by the dyers, 
perfumers, hatters, fullers, &c. 

The alkaline lixiviums, being capable of diflblving oils 
more effectually than foap, might be employed for the 
fame purpofes ; but when this activity is not mitigated by 
oil, as it is in foap, they are capable of altering, and even 
deftroying entirely, by their canfticity, moll lubflance9, 
efpecially animal matters, as filk, wool, and others ; whereas 
foap cleanfes from oil almoft as effectually as purr alkali, 
without danger of altering or deltroying, which renders it 
very ufeful. 

The manufacture of foap in London, firfl began in the 
year 1524; before which time this city was ferved with white 
loap from foreign countries, and with grey foap, fpeckled 
witn white, from Briilol, and fold for a penny a pound, 
and alfo black foap for a halfpenny the pound. 

SoAr, in the Materia Medica . Soaps, both hard and 
foft, have been applied to medical ufe. Well made hard 
foap, fit for medical ufe, has very little odour, and a 
naufeous alkalefcent tafie ; is white, and of a firm con- 
fidence; docs not feel greafy, and is devoid of any faline 
efflorcfcence on the furface. With water it forms a milky 
opaque folution ; and with alcohol a nearly tranfparent, 
fome what gelatinous, folution. It is decompofed by all 
the' acids, and by many neutral falts, which combine with 
the alkali and form new compounds ; hence hard water 
which contains fulphate of lime docs not properly diifolve 
foap. According to the experiments of Darcet, Lelievre, 
and Pelletier, (Hated in the preceding article,) 100 parts of 
newly made foap confiH of 60.94 oil, 8.56 alkali, and 0.503 
water ; but part of the water is loft by keeping, and the 
foap becomes fighter. 

Hard foap, triturated with vegetable refins and thick 
balfams, incorporates with them into a compound ; foluble, 
like the foap itfelf, in watery liquors $ hence it proves ail 
ufeful ingredient ip refinous pills, which of themlelves are 
apt to pafs entire through the intefiines, but by the admix- 
ture of foap become diUoluble in the fiomach. It renders 
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unftuous and thick animal matters diffoluble in like manner 
in aqueous fluids, and hence may be prefumed to aft as a 
menltruum for thcfe kinds of fubttances in the body, that 
is, to attenuate vifcid juices and refolve obftruftions : fuch, 
in effeft, are the virtues which it appears to exert in ca- 
chetic, hydropic, and ifteric cafes, m which laft, parti- 
cularly, its aperient and refolvent powers have been often 
experienced. Solutions of it have been likewife found to 
difTolve certain animal concretions of the harder kind, as 
the filaments which are fometimes feen floating in the 
urine of rheumatic and arthritic perfons, the matter fecreted 
in gouty joints, and the more compaft urinary calculus ; on 
thefe fubitances (at lead in the latter), though foap of 
itfelf afts more languidly than lime-water, yet, when joined 
to that menftruum, it remarkably increafes its aftivity ; 
the diflolving power of a compoution of the two being, 
according to Dr. Whytt’s experiments, confiderably greater 
than that of the foap and lime-water unmixed : of the 
good effefts of thefe medicines in calculous cafes there are 
fcveral inftances ; but what their effefts may be in gouty 
and rheumatic ones is not yet well known. See Lithon- 
triptics, Stephens'/ Medicine, &c. and Stone. 

Soap is regarded, in the materia medica, as purgative 
and lithontriptic ; externally applied it is ftimulant and 
deterfive. For internal ufe the hard foap only is employed. 
It is occafionally ordered in habitual coftivenefs, and in 
jaundice, combined with rhubarb, or fome bitter extraft ; 
but its power as a purgative is very limited, and it cannot 
aft in any other way in relieving jaundice. It is more 
ufeful in calculous habits, in which, however, its a ft ion is 
altogether confined to the ftomach ; for as foap is decom- 
posed by the weakeft acids, its alkaline bafe correfts the 
acidity fo prevalent in the ftomachs of calculous patints, 
and thus at lead aflifts in checking the increafe of the difeafe. 
Soap is alfo beneficial in decompofing metallic poifons 
when taken into the ftomach $ and, as it is the antidote 
which can mod readily be procured, (hould always be early 
reforted to. It is neceffary in this latter cafe to give it in 
folution ; of which a teacupful fhould be drunk at (hort 
intervals, till the effefts expefted from it be produced. 
In other cafes it is preferable to give it in fubdance. The 
dofe may be from grs. v to jfs, made into pills. 

As an external remedy, foap is efficacioufly ufed in fric- 
tions to fprains and bruifes ; and much benefit has been 
derived from rubbing the tumid bellies of children labouring 
under mcfenteric fever, with a drong lather of foap every 
morning and evening. 

From the properties of foap we may know, that it mud 
be a very effeftual and convenient anti-acid. It abforbs 
acids as powerfully as pure alkalies and abforbent earths, 
without having the cauflicity of the former, and without 
oppreiling the domach by its weight, like the latter. Soap 
is alfo one of the bed antidotes to ftop quickly, and with 
the lead inconvenience, the bad effefts of acid corrofive 
poifons, as aqua fords, corrofive fublimate, &c. 

Soap is employed externally for difeufiing rheumatic 
pains, arthritic tumours, the humours ftagnating after 
fprains, &c. Some pretend that the indurated tophaceous 
concretions in arthritic joints, have been refolved by the 
external ufe of foapy cataplafms. Several compofitions for 
external purpofes are prepared in the (hops. 

The officinal preparations of foap are as follow : vi%, 
t4 Pills of foap with opium," of Lond. Ph. 5 44 Pills of 
compound fquill 5" “ Aloetic pills" of Ed. Ph. ; « Pills 
of aloes and affafeetida." (Sec Pills.) 44 Pills of aloes 
and ginger," of the Dub. Ph. are compounded of 1 oz. 
of hepatic aloes, 1 dr. of ginger-root in powder, \ oz. 

Yol. xxxiii. 
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of foap, and \ dr. of effential oil of peppermint 3 let the 
aloes and ginger be rubbed together to a powder ) then 
add the foap and the oil fo as to form a mafs. This is an 
ufeful pill, and ufed with advantage for obviating the 
habitual coftivenefs of the fedentary, and of leucophlegmatic 
habits. The dofe is from grs. x to grs. xv, or more 
44 Soap plafter." (See Emplastrum Saponii , and Soap 
Plaster. ) 41 Cerate of foap," of the Lond. Ph. is com- 
pofed of 8 oz. of hard foap, 10 oz. of yellow wax, 1 lb. 
of femivitreous oxyd of lead powdered, a pint of olive-oil, 
and a gallon of vinegar. Bou the vinegar on the oxyd of 
lead over a flow fire, ftirring diligently till they incorporate ; 
then add the foap, and boil again in a fimilar manner, until 
the moifture be entirely evaporated ; and, lalliy, mix with 
the oil the wax previoufly melted. This cerate is occa- 
fionally ufed as a cooling drefling. For the 44 compound 
foap liniment" of the Lond. Ph. fee Liniment. The 
44 Tinfture of foap," commonly called 44 Liniment of foap," 
of the Ed. Ph., is prepared by digefting 4 oz. of foap 
fliced in 2 lbs. of alcohol for three days, and then adding 
2 oz. of camphor, and \ oz. of the volatile oil of rofemary, 
frequently fluking the mixture. Thefe preparations are 
ftimulant and anodyne, and may be beneficially applied 
againft local pains, and in bruifes, rubbed upon the parts. 
44 The tin&ure of foap and opium" of Ed. Ph., commonly 
called 44 Anodyne liniment," is made in the fame manner, 
and from the fame ingredients as the other tinfture of foap, 
only adding, at the beginning of the procefs, one ounce of 
opium. The addition of the opium to the foap liniment 
renders it, in many cafes of rheumatifm and local pains, 
more ufeful than the Ample liniment. 

The anodyne balfam, commonly called Bates's balfam, 
is prepared by digefting two ounces of foap and half an 
ounce of opium, in a gentle fand-heat, for three days, with 
eighteen ounces of reSified fpirit of wine, and then adding 
fix drachms of camphor and one drachm of oil of rofemary 
to the drained liquor. This compofition, with the addition 
of opium, is fuppofed to be more effeftual for allaying 
violent pains than the common opodeldoc : it is alfo given 
internally in nervous colics, jaundices, &c. 

Soft ioap is confiderably more acrid than the hard foap, 
and it is, therefore, employed only for fome external pur- 
pofes : a mixture of equal parts of our common foft foap 
and quicklime is ufed as a mild cauftic. Lewis’s Mat. 
Med. Thomfon's Lond. Difp. 

Soap, Almond . See Sapo Amygdalinus, and Soap, 

fupra. 

Soap, Ammoniacal , a white faponaceous compound, 
readily made by fhaking any oil with liquid ammonia, 
which is much ufed medicinally as a ftimulating application 5 
but the union between thefe two is much weaker than be- 
tween the fixed alkalies and oil, fo that this will not harden ; 
and by keeping for fome time, the ingredients will partly 
feparate. In order to effeft a more intimate union be- 
tween them, muriated ammonia muft be added to common 
foap. 

Soap -Lees. See Lixivium Saponarivm. 

The term foap-lees is fometimes ufed technically to denote 
the 44 fpent ley,” which is pumped out of the vat or cittern, 
after the foap has feparated 5 and which, being more or left 
alkaline, is referved either to be ufed again, or to be eva- 
porated, fo that the refidue may be calcined for extrafting 
the alkali. 

Soap, Starkey’s, is a combination of fixed vegetable al- 
kali with efleatial oil of turpentine. It is fo called from its 
inventor, who combined fait of tartar (carbonate of potafh) 
with this oil, and obtained a faponaceous compound, to 
Ee 
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which many medicinal virtues have been afcribed. It enters 
alfo into the compofition of pills, named alfo from Starkey. 
As fixed alkalies are very difficultly made to unite with ef- 
fential oils, Starkey found no other expedient for the prepara- 
tion of hi? foap, than time and patience. His method confilts 
in putting dry alkali into a matrafs, and pouring upon it 
efiential oil of turpentine to a height equal to the breadth of 
two or three fingers : in five or fix months part of the alkali 
and oil will be thus combined together, and form a foap, 
which mu ft be feparated from the mixture, and more of it 
will be afterwards formed in the fame manner. The moft 
commodious method, fays Dr. Lewis, of obtaining the com- 
bination, is by throwing the fait, red-hot, into a heated 
mortar, immediately reducing it to powder ; then pouring 
on it, whilft hot, by little at a time, an equal quantity, or 
more, of the oil, and continuing to grind them together, fo 
as to form a fmooth foft mafs. Stahl, Rouelle, Beaum6, 
See. have publifhed proceffes for this combination. Mr. 
Beauml fays, that it may be made in a few hours by tri- 
turating, during a long time, alkaline fait upon a porphyry, 
and adding to this fait, during the trituration, oil of tur- 
pentine. This medicine, which has an acrid alkaline taite, 
and is very apt to deliquiate on being expofed to air, was 
formerly celebrated, under the denomination of foap of 
tartar, univerfal corrector, &c. as a diuretic in nephritic 
complaints, and as a corrector of certain vegetables, parti- 
cularly of opium : its virtues have not been fully determined 
by experience, nor docs the prefent pra&ice pay any regard 
to it. 

Soap, Volatile , is of three kinds, viz. one compofed of 
fixed alkalies and volatile oils; another of volatile alkalies and 
oils of the groffer or more fixed kind ; and the third, in 
which both the alkali and the oil are volatile. Of the firft 
kind is Starkey's foap : thofe of the fecond fort are obtained 
more readily. (See Linimentum Volatile , and Epjtiiem 
Volatile.) Combinations of the latter kind, in a liquid 
form, have been deferibed under Salts ; and compoiitions 
of the fame kinds may be obtained in a folid ftate, by mixing 
the fait with the oil, and fubliming them together. 

Soap, JLanvs relating to. By 17 Geo. III. c. 52. no 
perfon, within the limits of the head office of excife in Lon- 
don, fhall be permitted to make any foap, unlefs he occupy 
a tenement of 10/. a year, and be affeffed to, and pay the 
pariffi rates ; or elfewhere, unlefs he be affeffed to, and pay 
to church and poor. By 24 Geo. 111 . c. 41. and 43 
Geo. III. c. 69. every foap-maker fhall annually take out 
a licence, for which he fhall pay 2/. By 43 Geo. III. 
c. 68. fched. (A), certain duties are laid on foap imported, 
as therein ftated ; and upon the exportation of foap made 
in Great Britain, and which hath paid the duties, the fame 
(hall be drawn back, by 43 Geo. III. c. 69. fched. (C): 
but no drawback fhall be allowed on the exportation of 
foreign foap imported. (27 Geo. II. c. 21.) By 43 
Geo. III. c. 69. fched. (A), certain duties are impofea 
on foap made in Great Britain ; and certain allowances fhall 
be made for foap ufed in the manufactures of Great Britain, 
fched. (C). Places of making are to be entered on pain 
of aoo /. (10 Ann. c. 19. 47 Greo. III. fefT. 2. c. 30.) ; 

and covers and locks to be provided under a forfeiture of 
too/. (3 Geo. III. c. 43. 12 Geo. III. c. 40.) The 

furnace-door of every utenfii ufed in the manufacture of 
foap fhall be locked by the excife officer, as foon as the fire 
is damped or drawn out, and faftenings provided ; and 
opening or damaging fuch fattening incurs a penalty of 100/. 
(17 Geo. III. c. 52. 24 Geo. III. c. 48. fed*. 2.) Of- 
ficers are required to enter and furvey at all times, by day 
•r night, and the penalty of obftructing is 50/. 5 ana they 
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may unlock and examine every copper, See. between the 
hours of five in the morning and eleven in the evening, and 
the penalty of obftrufting is tool. No foap-maker fhall 
have any private pipe or conveyance, on pain of 200/. ; and 
the penalty of obftru&ing an officer who fearches for it is 
100/. No maker fhall have more than one moveable pump, 
on penalty of 500/. Every maker of foap, before ne be- 
gins any making, if within the bills of mortality, fhall give 
twelve hours, if elfewhere, twenty-four hours’ notice, in 
writing, to the officer, of the time when he intends to begin, 
on pain of 100/. No maker fhall remove any foap unlur- 
veyed, on pain of 20/., without giving proper notice of his 
intention. And if any maker fhall conceal any foap or ma- 
terials, he fhall forfeit the lame, and alfo 500/. (1 Geo. III. 
flat. 2. c. 36.) And the penalty of privately making foap 
is forfeiture of the foap and materials, and 100/. (5 Geo. III. 
c. 43.) Pcrfons affitting in making foap privately fhall for- 
feit, for the firft offence, 20/. ; for the fecond, 40 /. or be 
liable to four months’ imprisonment till it be paid. 
(47 Geo. III. fefT. 2. c. 30.) Owner# or renter# of houfes 
where foap fhall be privately made forfeit tool. Every 
barrel of foap fhall contain 236 lbs. avoirdupois, half-barrel 
128 lbs., firkin 64 lbs., half-firkin 32 lbs., befides the 
weight or tare of each cafk ; and all foap, excepting hard 
cake foap and ball foap, fhall be put into fuch cafks and no 
other, on pain of forfeiture and 5/. (10 Ann. c. 19. 

12 Ann. ft. 2. c. 9.) The maker fhall weekly enter in 
writing at the next office the foap made by him in each 
week, with the weight and quantity at each boiling, on pain 
of 50/. ; and within one week after entry clear off the duties, 
on pain of double duty. (17 Geo. III. c. 52.) Cockets 
granted for /hipping loap to be conveyed to any other part 
of the kingdom, fhall exprefs the quality, quantity, and 
weight, the mark of the package, by whom made and fold, 
and where configned, under penalty of forfeiture and feizurc 
of the fame and package. (23 Geo. II. c. 21.) No foap 
fhall be imported, otnerwife than in fome package, con- 
taining at leaft 224 pounds of hard foap, on pain of feizure 
and forfeiture, and alfo package ; and the matter of the 
veffel fhall forfeit 50 1 . If any perfon fhall knowingly har- 
bour or conceal any foap, unlawfully imported, or relanded 
after fhipping for exportation upon debenture, he fhall 
forfeit 50/. For every hundred weight, together with the 
goods and package. The maker fhall keep juft feales and 
weights, where he makes his foap, and permit and affift the 
officer to ufe them, on pain of lol. ( 10 Ann. c. 19.) 
And by 10 Geo. III. c. 44. for infufficient feales and 
weights, he fhall forfeit tool. 

SoAp-A/hes, in Agriculture , the refufe of foap-boilers, 
fometimes termed foapers’ afhes. See Ashes. 

Soap Refufe , the compounds of oil, tallow, and other 
fubftances, with lime and pot-afh, which are often met with 
and ufed as manures. Moft forts of foapy mixtures are 
found to have much effect in promoting vegetation. 

Soap-fuds, or the wafhings of this fort which are left 
and thrown away from large mills and manufactories, fuch 
as thofe of the filft and other fimilar kinds, are found highly 
beneficial as manures themfelves, or for being mixed and 
blended up with other matters in this intention. The 
farmers, in fome places, collect them by the hogfhead, at 
the rate of from 6 J. to i/., and mix them up with earthy 
materials, fo as to form rich compofts, in confequence of 
their containing portions of animal matter, gum, and alkali, 
efpecially when taken from filk works. And the common 
foap-fuds, which are generally wafted and thrown away, are 
faia to have been found of great utility in cold moift mea- 
dows j and would probably be more fo, if employed in com- 
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bination with rich earthy fubftances. All the various refufe of being ufed in this way with advantage to the farmer, 
matters of this fort lhould.be colle&ed, as they are capable See Saline Manures. 
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SOLDER, Sodder, or Seder, formed from the French 
foudure , of the Latin folidare , to Jlrengthen : is a metallic 
composition, ufed in loldering or joining together other 
metals. 

For this purpofe, it is required that folders melt fooner 
than the metal to be foldercd, that they adhere firmly to its 
furface, and that they approach as near as may be to the 
metal foidered in hardnds and colour. 

The different folders are made of gold, filver, copper, tin, 
bifmuth, and lead ; ufually obferving, that in the compofi- 
tion there be fome of the metal to be foidered mixed with 
fome higher and finer metals. 

The folder for gold is compofed of fine gold, with one- 
fourth or one-half its weight of fine filver, accurately mixed 
together by fufion, and afterwards beat out into leaves, 
iomewhat thinner than card-paper, and rendered as foft as 


But a3 this folder does not melt without a confiderable de- 
gree of heat, it cannot be ufed when it is inconvenient to 
heat the work red-hot ; and therefore, in this cafe, copper 
and braf* are foidered with filver. 

Though fpelter folder be much cheaper than filver folder, 
yet workmen in many cafe3 prefer the latter. And Mr. 
Boyle informs us, that he has found it run with fo moderate 
a heat, as not much to endanger the melting of the delicate 
pans of the work to be foidered ; and if well made, this 
filver folder will lie even upon the ordinary kind itfeif ; and 
fo fill up thofe little cavities that may chance to be left in 
the firft operation, which is not eafily done without a folder 
more eafily fufibje than the firit made ufe of. Works 
Abridged, vol. i. p. 

As to iron, it is fumcient that it be heated red-hot, and 
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as to make the colour of the folder correfpond, as nearly as 
may be, to that of the piece. A mixture of gold and cop- 
per is alfo a Folder for nne copper as well as for fine gold. 

Gold being particularly difpofed to unite with iron, this 
metal, with a high alloy of copper, proves an excellent fol- 
der for the finer kinds of fteel inftrument9. 

For larger works in iron and tteel, copper, or an alloy 
compofed of equal parts of tin and iron, is employed. 

The folder ufed by plumbers is made of two pounds of 
lead to one of block-tin. Its goodnefs is tried by melting 
it, and pouring the bignefs of a crown-piece on a table ; 
for, if good, there will arife little, bright, fhining liars 
in it. 

For filver, two kinds of folder, the hard and foft, are 
ufed and applied like the gold folder. The hard folder is 
compofed of equal parts of filver and fine brafs, and the 
foft is prepared by fufing the hard folder with -p^th its 
weight of pure zinc. Another folder for filver may be 
formed of two parts of fine filver and one part of brafs, 
taking care that thefe arc not long kept in fulion, lett the 
brafs fly off in fumes. For coarfer filver, a folder is pre- 
pared by melting four parts of fine filver and three of brafs, 
throwing in a little borax, and pouring it out as foon as it is 
melted. 

The folder for copper is made like that of the plumbers ; 
only with copper and tin ; and for very nice works, inftead 
of tin, they fometitnes ufe a quantity of filver. 

For copper, brafs, and the hard alloys of copper, the 
bed hard folder, fays Aikin (Di 6 t.), is compofed of brafs 
and zinc, in the proportion of from eight to fixteen of the 
former to one of the latter, according to tne required hardnefs. 
The foft folder is compofed of three parts of zinc and one 
of lead, and is applied by means of a common foldering 
iron, made red-hot. 

Solder for tin is made of two-thirds of tin and one of 
lead, or of equal parts of each ; but where the work is any 
thing delicate, as in organ-pipes, where the jun&ure is 
fcarcely tlifcerfiible, it is made of one part of bifmuth, and 
three parts of pewter. 

The pewterers ufe a kind of folder made with two parts 
of tin and one of bifmuth : this compofition melts with the 
lead heat of any of the folders. 

The folder for tin, pewter, and lead (or the plumber’s fol- 
der k fays Aikin (ubi fupra), is of two kinds : the lead 
fufible is compofed of equal parts of tin and lead ; the more 
fufible contains, befides, bifmuth in various proportions. A 
very good foft folder is prepared by melting together fixteen 
parts of tin, eight of lead, and four of bifmuth. 

Spelter folder is made of one part of brafs and two of 
fpelter, and is ufed by the braziers and copper-fmiths for 
foldering brafs, copper, and iron. This folder is improved 
by adding t$> each ounce of it one pennyweight of filver. 
But as this folder doe 9 not melt without a confiderable de- 
gree of heat, it cannot be ufed when it is inconvenient to 
heat the work red-hot ; and therefore, in this cafe, copper 
and brafs are foldered with filver. 

Though fpelter folder be much cheaper than filver folder, 
yet workmen in many cafeB prefer the latter. And Mr. 
Boyle informs us, that he has found it run with fo moderate 
a heat, as not much to endanger the melting of the delicate 
pafts of the work to be foldered ; and if well made, this 
filver folder will lie even upon the ordinary kind itfelf ; and 
fo fill up thofe little cavities that may chance to be left in 
the firft operation, which is not cafily done without a folder 
more eafily fufible than the firft made ufe of. Works 
Abridged, vol. i. p. 13 $. 

. As to iron, it is fumcient that it be heated red-hot, and 
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the two extremities, in this date, be hammered together. 
By this means they become incorporated one with the other : 
when it is foldered it is ufually done with brafs; good 
tough brafs, with borax applied, mixed with water to the 
confidence of pafte. 

The duke of Florence’s nail, anciently fo much admired, 
as being half iron and half gold, whereas thofe two metals 
were deemed irreconcileable, was joined by a kind of folder 
made by Turneifl'er, an ingenious chetnift of Venice; the 
fecret of which was never difeovered till publiflied by Tachc- 
nius. This folder is nothing but a little copper, or Cyprus 
vitriol, put between the gold and the iron. For, naturally, 
the great acidity of the gold reduces the iron into a fcoria or 
ruft, when the two are applied over one another ; but this 
inconvenience is removed, by the interpofition of a little 
copper, be it in the fmalleft quantity imaginable. See the 
next article. 

SOLDERING, or Soddering, among Mechanics , the 
joining and fattening together of two pieces of the fame 
metal, or of two different metals, by the fufion and appli- 
cation of fome metallic compofition on the extremities of 
the metals to be joined. 

In foldering, fame artifice is neceffary to make the folder 
and metals adhere. All the mctaK except lilver and gold, 
upon melting, or before, arc covered with drofs : and all the 
folders have fome of thefe metals in them : this drofs hinders 
the folder and metal from uniting, and it is neccffary to re- 
move it. This is not performed in ••very kind of foldering 
by the fame materials. The plumbers effeft this by greafmg 
the lead, laying on the folder, and melting it with a hot 
iron, and thu9 the drofs, generated in fulion, unites with 
the greafr, and flows away from the melted metal. The 
glaziers and tin-men ufe rofin in powder for the fame pur- 
pofe ; for all inflammable fubftanccs that will melt are 
equally conducive to this ufe. When copper and brafs are 
foldered with pewter, the work is fir II wafhed with a folu- 
tion of fal ammoniac in water, then heated juft hot enough 
to melt the pewter, and the pewter applied to the joint to 
be foldered. In foldering that requires a greater heat, 
borax is ufed. 

Thus, in foldering gold, and alfo filver, take a piece of 
folder of the proper fize and fhape, and lay it on the part 
to be cemented, and fprinkle it over with pulverized borax ; 
then apply the flame of a blow-pipe, which will caufe both 
the borax and folder to fufe, the latter incorporating with, 
and adhering firmly to, the gold. When the juncture is 
complete, the piece is left to cool, and the borax is removed 
by boiling water, or, what is ihll better, a little dilute ful- 
phuric or muriatic acid. It is obferved, that the folder 
will, in this cafe, appear confiderably paler than the other 
part, both on account of the filver with which it is alloyed, 
and of the borax, which always lowers the colour of the 
gold. This defe£l, however, may be remedied by melting 
on the furface of the folder a mixture of two parts of nitre 
and one of burnt alum, and afterwards walking it off with a 
foft brufh and hot water ; by which the natural colour of 
the gold will be reltored, and even heightened. Others 
dire& this operation to be performed by joining together 
the pieces propofed to be united with fine foft iron wire, 
and touching the joint to be foldered with a earners hair 
pencil, dipped in borax finely powdered, and well moiftened 
with water ; and then placing a little folder upon the joint, 
and applying upon it a large piece of charcoal, and, with a 
blow-pipe and lamp, blowing upon it through the flame, 
until it melts the folder ; and thus the work is finifhed. In 
order to cleanfe filver or gold, after it is foldered, make it 
juft red-hot, and let it cool ; then boil it in alum-water, in 
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an earthen veffel, and it will be as clean as when new. If 
it be jrold, boil it in urine and fal ammoniac. 

For a method of foldering, particularly ufeful to optical 
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and mathematical inftrument-makers, fee Grinding of Me- 
tallic Specula. 



Spinning 


SPINNING, the art of combining animal or vegetable wetted during the operation of fpinning, to render them 

bbres into threads or cords, by twitting them together, more fupple: but cotton, wool, and ftlk, are fpun in a dnr 
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kinds, and adapted to the materials to be operated upon ; 
but they have all a fpindle, revolving with a rapid motion, to 
twift the fibres which are attached to the end of it, and are 
fupplied in a regular quantity, as faft as the twilling motion 
of the fpindle will form them into a thread ; and there is alfo 
fome provifion of a bobbin upon the fpindle, to take up and 
retain the thread when made. 

The molt ancient mode of fpinning is by the fpindle and 
diftaff, and this method is the fimpleft of all others. The 
fpindle is nothing more than a piece of hard wood, made 
round, and (harp-pointed at one end, fo that it can be made 
to fpin upon its point, in the fame manner as a child's top : 
the upper part is reduced to a pin or peg, and it is this 
part which has the fibres united to it, the lower or enlarged 
part being only to give fufficient weight to make it (pin. 
The fpinner mutt be feated upon the ground, and after 
having put the diftaff in motion upon its point, by twirling 
it between the hands, get it up to a rapid motion, by 
itriking it occafionally with the hand, with a motion very 
fimilar to that by which a child keeps up the motion of his 
whipping-top, when he draws the la(h or a whip round it. 

The flax, or material which is to be fpun, after being 
properly prepared, is lapped round the end of the dil- 
taff, which is nothing more than a flick that the fpinner 
holds in the left hand, fo as to be conveniently fituated to 
draw off from it a few fibres at a time, with the finger and 
thumb of the right hand, to form the thread. The upper 
part of the fpindle, which is made fmaller, like a pin, has 
the ends of the fibres which are to form the thread attached 
to it before it is put in motion. Thcfe fibres are drawn out 
of the bunch which is wound upon the diftaff*, and held be- 
tween the finger and thumb, fo as to be in the diredion of 
the length of the Ipindle ; therefore, when the fpindle is 
once made to revolve, it twills thefe fibres together, to form 
a thread, and as fall as the thread forms, the fpinner draws 
off more flax from the diftaff, and guides the fibres between 
the finger and thumb, fo that they (hall be regularly deli- 
vered out, and make an even thread. The motion of the 
fpindle is con dandy' kept up, by (hiking it as often as the 
hand can be fpared from the operation of guiding the 
thread. When by thefe means as great a length of thread 
is formed as is convenient to reach from the end of it to the 
fpindle, the thread is wound upon the out fide of the fmall 
part or pin of the fpindle, for which purpofe the fpinner 
applies the fore-finger againll the thread, clofe to the end of 
the fpindle, and bends the thread at that part, fo that it 
will be at right angles with the diredion of the fpindle, in- 
(tead of being nearly in the diredion of its length ; and 
alfo, that it will be guided ©ppofite to the middle of the 
pin, or fmall part of the fpindle, inftead of being at the 
extreme end thereof. In this fituation the motion of the 
fpindle, which is continually kept up, occafions the thread 
to wind up, or lap upon the pin of the fpindle, inftead of 
twilling round upon itfelf, as in the former cafe ; but 
when near ly all the length of thread is thus difpofed of, the 
finger is removed from the thread, and it immediately aflumes 
its original diredion, by flipping to the extreme end of the 
fpindle, fo as to be twilled round itfelf by the motion of the 
fpindle, and more fibres arc now fupplied to it from the 
bunch upon the diftaff, to form a fre(h length of thread. 
In this manner the fpinning proceeds, until as much thread 
is fpun and wound upon the pin of the fpindle as will make 
a moderate fized ball. 

This Ample and inconvenient method of [pinning becomes 
very efficient, when the fpindle, inftead of being fpun upon the 
ground, i$ mounted in a proper frame, and turned by a wheel 
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and band ; this forms a machine which is called the one- 
thread wheel, and is (lill ufed in the country for fpinning 
wool : the fpindle is made of iron, and placed horizontally, 
fo that it can revolve fieely ; and the extremity of the 
fpindle, to which the thread is applied, projeds beyond the 
fupport. 

The wheel which turns it is placed at one fide, the pivots 
of both being fupported in upright pieces, rifing up from a 
iort of (tool. The fpinner puts the wheel in rapid motion by 
its handle, and its weight is fufficient to continue the motion 
for fome feconds ; then walking backwards from the fpindle, 
in the diredion of its length, (lie fupplies the fibres regularly, 
and the motion twifts them into a thread ; but when a con- 
venient length is fpun, the fpinner (teps on one fide, and 
reaches out that arm which holds the end of the thread, fo 
as to alter the diredion of the thread, and bring it nearly 
perpendicular to the length of the fpindle, which motion 
gathers or winds up the thread upon the middle of the 
projeding part of the fpindle. This being done, (he holds 
the thread in the diredion of the fpindle, fo that it will 
receive twift, and retreats again to lpin a frelh length of 
thread. For fpinning wool, it is not wound round the diftaff 
t lie fame as flax, but the fpinner holds a lock of it, doubled 
over the fore- finger, and draws away the fibres from the 
middle part of the lock, to do which with regularity is the 
great art of fpinning by hand. 

A fpinniiig-machine more perfed than this is the one- 
thread flax-wheel, with fpindle and flyer ; it has the pro- 
perty of conftantly drawing up the thread as fall as it is 
fpun, inflead of fpinning a length, and then winding it upon 
the fpindle. For this purpofe the fpindle is maae longer 
than the other, and is turned by a band and wheel ; but the 
wheel receives motion from the foot by a fmall treadle, be- 
caufe the fpinner (its before the wheel to work the fpindle, 
which is fupported upon its two extreme ends, and near one 
end the flyer is fixed ; this is a piece of wood curved to an 
arc, tlie vertex of which is fixed on the fpindle, and from the 
extremities of the arc two arms proceed, fo as to be pa- 
rallel to the fpindle, and at fuch a diftance from it as to ad- 
mit a wooden bobbin to be fitted loofely upon the fpindle ; 
and at the fame time the arms of the flyer can revolve round 
the bobbin without touching it. The end of the thread is 
faftened to the bobbin, and conduced through a hook fixed 
in the flyer, fo that it proceeds from the circumference of 
the bobbin to this hook, in a diredion perpendicular to the 
bobbin, but turns round the hook fo as to come into the 
diredion of the fpindle. The thread is then conduded 
through a perforation made in the centre of the end of the 
fpindle or pivot, upon which it revolves, and to this end of 
the thread the fibres are fupplied. The twilling motion 
given by the revolution of the fpindle forms them into a 
continuation of the thread, which is gathered up upon the 
bobbin as faff as the fpinner lets it go through her fingers, 
by a tendency which the bobbin has to turn (lowly, at the 
fame time that the flyer to which the thread is hooked 
is revolving rapidly round the bobbin. For this purpofe a 
firing is palled round a fmall neck upon, the bobbin, and one 
end of the firing being faftened to the frame, the other has a 
fmall weight to draw it tight round the neck of the bobbin* 
and occaiion fridion. In other fpinning-wheels, a fecond 
band from the great wheel is made to turn the bobbin 
more (lowly than the fpindle. The thread which paffes 
over the hook of the flyer is rapidly carried round the 
circumference of the bobbin*, but as the bobbin follows 
the motion of the flyer, it only winds up as much thread 
upon the bobbin as the difference of the two motions; 
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and this tendency to wind up can be increafcd or dimi- 
nished at pleafure, by the fri&ion which is occalioned by 
the firing or band which pafles round the neck of the 
bobbin. When the winding-up of the thread upon the 
bobbin has accumulated a ridge of thread upon it op- 
polite to the hook in the flyer, the thread mult be fliifted 
to another hook oppofite to a different part of the bobbin, 
for which purpole the arms of the flyer are furnifhed with 
different hooks, and this mult be repeated feyeral times, un- 
til the whole length of the bobbin is filled ; it is then taken 
off to be reeled, and replaced by another empty bobbin. 

An improvement was made in the fpinning-wheel by 
Mr. Antis Come years ago, which was an application of 
what fir Richard Arkwright had before invented. The 
object is to obviate the nccefiity of Hopping the wheel to 
remove the thread from one hook to another, in the manner 
jult deferibed. For this purpofe, the bobbin is made to 
move regularly backwards and forwards upon the fpmdle 
a fpace equal to its length, fo that every part will, in fuc- 
ceflion, be prefented oppofite the hook over which the 
thread pafles, and thus receive the thread regularly upon 
the whole length of the bobbin. The additional parts ne- 
ccflary for producing this movement are as follow : a pi- 
nion of only a Angle leaf is made to project from the extre- 
mity of the pivot of the great wheel, or a worm or endlefs 
ferew formed on the end pivot, will anlwer the fame pur- 
pofe, which is to actuate a wheel of feven inches diameter, 
and ninety-feven teeth ; therefore ninety-feven revolutions 
of the great wheel will produce one revolution of this 
fmaller wheel ; upon the face of which a circular ring of 
wire is fixed, and fupported from the wheel by fix legs, fo 
as to be oblique to the plane of the wheel, a? it touches it 
at one part, and at the oppolite fide of the ring projefts 
nearly three-fourths of an inch. This ring of wire gives 
motion to an upright lever, about fifteen inches long, and 
moving on a centre at three inches from its lower extremity, 
where it has a pin fixed in it, and relting againft the 
oblique ring of wire ; therefore, when the wheel turns 
round, it communicates a Imall motion to the lever, in con- 
fequence of its obliquity to the plane in which it revolves. 
The upper end of the lever is connc&cd to an horizontal 
Hiding-bar, fituated beneath the ipindlc, and having an 
upright piece of brafs, which works in the notch of a pul- 
ley, formed on the end of the bobbin, and drives the bob- 
bin backwards and forwards upon the fpindle, according as 
the oblique ring of wire forces the pin at the lower end of 
the lever in or out, when the wheel moves round. To regu- 
late and return this alternate motion, a fmall weight hangs 
by a line to the fliding-bar, and, palling over a pulley, riles 
and falls as the bobbin recedes and advances, and tends con- 
ftantly to keep the pin at the lower end of the lever in 
contact with the wire. It is evident, from this defeription, 
that one llapie only is wanted to the arms of the flyer, 
which being placed near the extremity, the thread pafles 
through it, and by the motion of the bobbin, is laid regu- 
larly upon it from one end to the other. 

The invention has alfo another advantage over the old 
method, which always winds the thread in ridges upon the 
bobbin ; and if the thread breaks in reeling tne yarn, the 
whole bobbin may afl well be thrown away, becaufe the 
thread cannot eafily be found again ; but this improved 
wheel always winds the threads acrofs upon one another, 
by which means the end can never be loll. 

In order to regulate the friction on the bobbin, and re- 
tard its motion in a greater or lefs degree at pleafure, there 
is a neck of brafs or Heel fattened to one end of it, and 
embraced by a kind of frnaJI vice, or pincers, fixed to the 
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fliding-bar. This vice mult be made either with two 
elaltic fprings with wooden tops, or of wood wholly, and 
faced with leather ; but if made of wood only, then a fpring 
mult be made beneath the fhoulder of the ferew, to anfwcr 
the fame purpofe. By tightening this ferew more or lefs, 
the fridtion on the bobbin may be regulated to the greateR 
nicety, provided the fprings are of a Itrength rightly pro- 
portioned to their fundtipns. It will readily appear, that 
all this may be done without the lead effedt on the velo- 
city of the whole machine, as thereby nothing is added to 
the general fridtion fo as to obitrudt it. 

It was not until the latter end of the lalt century, that 
fpinning-machines of greater powers were conltru&ed ; but 
all threads were fpun by one of the machines which we 
have deferibed ; the firlt being ufed for cotton and wool, 
and the other, with the bobbin and flyer, for flax ; but for 
very coarfe threads, two fpindles were applied to the lattei 
machine, and the fpinner having the wool wound round a band, 
tied it round her waifl, inftead of winding it upon a diflaff, 
and was thus able to draw out fibres with each hand, and 
fupply two fpindles. And of the other Ample fpindles, 
fcveral were made to turn together by the movement of one 
large horizontal wheel, around which the fpindles were ar- 
ranged in directions radiating from the centre, and each 
fpindle received a rapid motion by the contadt of the edge 
of the large wheel, which was turned round by one perfon. 
The fpinners each Hood oppolite to his refpeCtive fpindle, 
fo as altogether to occupy a large apartment, and by this 
means they could do much more work than formerly, hav- 
ing none of the interruptions of turning the wheel. 

The fir It improvement of any importance in fpinning, 
was that of, the fpinning-jenny, invented by Hargraves, as 
related in our article Cotton ; and the machine itfelf will 
be deferibed under the article Woollen Manufadurc . This 
machine con flits of a number of fpindles, flmifar to thofe of 
the one-thread wheel, which are all mounted ,in a perpendi- 
cular direction in the fame frame, and turned round by one 
large wheel, fituated in an horizontal direction, and put in 
motion by a crank at the upper end of its fpindle. The 
threads from each fpindle are conduced nearly in an hori * 
zontal direction, but being quite at the point or upper ex- 
tremity of the fpindles, do not wind upon the fpindles, but 
will receive twilt, becaufe the threads flip over the top of the 
fpindles as they revolve. The threads are guided between 
two rulers of wood, called the claft>s> inltead of the finger 
and thumb of the fpinner. Thele rulers are made to fit 
together, fo as to hold the fibres between them, and are 
fitted up with wheels at the end to run upon the frame, 
and thus advance or retreat at pleafure from the fpindles. 
It was not attempted with this machine to fpin a finifhed 
thread immediately from the lock of wool or cotton, but 
coarfe and loofe threads are previoufly prepared on the 
hand-wheel, which can be done with great rapidity, and 
the coppins or balls of thefe loofe threads are placed in 
the jenny, and conducted, firlt between the clafps or rulers 
before mentioned, and then to the fpindles. By this means, 
when the carriage of the clafps is drawn backwards from 
the fpindles, the clafps being leparate, the threads draw be- 
tween them from off the coppiua, and at the fame time 
that portion of each thread which is between the clafpt 
and the ends of the fpindles, receives its twilt ; but having 
drawn out a certain length of each thread in this manntr, 
the clafps are Ihut together ; and the motion of the fpindle?, 
as alfo the retreat of the clafps, is continued, by wlrch 
means the threads are itretched out to their intended fme- 
nefs, and being thus finilhed, the threads arc wound npa 
the fpindles, by being brought oppofite to the middle p,\. 

4A ? 
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of the fpindles by a rail of wood, called the jailer , which 
moves upon centres, fo as to defeend horizontally before 
all the fpindles, and deprefs all the threads together, fo that 
they will wind up by the motion of the fpindles, and as 
they wind, the clafps return towards the fpindles. The 
operations are then again repeated, and thus continued, until 
the coppin8 or balls of thread, wound upon the fpindles, ac- 
quire their proper fize. 

The next improvement in fpinning-machines was the in- 
trodu&ion of the dubbing-machine, or billy, for preparing 
the rovings for the jenny ; an operation which was at firft 
performed by the hand-wheel. This machine has fimilar 
parts to the jenny, but they are differently arranged, to 
adapt it to fpin the wool as it comes from the carding- 
machine, in the ftate of cardings, which are locks of wool 
drawn out to about the fize of candles, and from two to 
three feet in length. For this purpofe the fpindles are made 
to travel on the carriage, and the clafps ftand it ill, being 
the reverfc of the jenny. The cardings are laid upon an 
endlcfs cloth, which revolves over two rollers, and lies in 
an inclined pofition at the end of the nfachine ; and one 
carding is laid upon the cloth oppofite to each fpindlc, the 
ends being pieced with frefh cardings by children, as fall as 
the fpindle works them up. A roller preffes down upon 
the cardings, to hold them faff upon the feeding-cloth, and 
to make them move with it ; and jult beyond this roller the 
clafps are fixed to hold the rovings, when the proper 
lengths are drawn out by the retreating of the fpindles, 
which, as before ftated, are fituated in the carriage. The 
operation of the billy is the fame as that of the jenny, viz. 
that the carriage* is drawn out, and the feeding-cloth re- 
volves over its roller to give out the cardiogs until a certain 
length : the clafp is then (hut down, and the further exten- 
fion of the threads is produced by ltrctching ; which being 
done, the threads are wound upon the fpindles. 

The inventions of fir Richard Arkwright foon fuperfeded 
thefe machi ics. Ilia principal invention m the {pinning was 
the introdu&ion of the rollers, to draw out or extend the 
fibres to their full length, which is by this means much 
more perfe&ly performed than by the fingers of the fpinner. 
For tne immediate twitting nf the thread, he adopted the 
fpindle, bobbin, and flyer of the old flax- wheel, placed in a 
vertical pofition, but added to it the important improvement 
of railing and lowering the bobbin, to diftribute the thread 
regularly and equally upon all the length of it, the fame 
which we have before deferibed as being applied by Mr. 
Antis to the common fpinning-wheel. A fall defeription of 
this machine, which is called the water fpinning-frame, will 
be found in the article Cotton Manufacture, Plate IX. 
Cotton Manufacture . 

The fpinning-jenny was again introduced, and rendered 
equal, and for fome purpofes fuperior, to the water-frame, 
by Mr. Crumpton, who combined with it the fyllem of 
rollers of fir Richard Arkwright, and called it the mule. 
It is alfo fully deferibed under Plate XI. Cotton Manu- 
facture. See Cotton Manufacture. 

The great fucccfs which attended the fpinning of cotton 
by thefe machines, induced many perfons to attempt the 
fpinning of flax and wool by fimilar means. Short wool, 
for the manufadurc of cloth, is fpun by the billy and jenny ; 
but flax and long wool for woriled require very different 
treatment from cotton and fhort wool, particularly the flax, 
owing to the great length of the fibres and to their being 
of fuch irregular lengths : in confequcnce, when they are 
extended by the rollers, on Arkwright’s principle, fome 
fibres will be broken, if the diftances between the rollers is 
too fmall \ and on the other hand, if the diftance is too 
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great, the fibres will not be property extended. The 
latter, however, is the lead evil of the two ; and, in confe-* 
quencc, the fpinning-frames for flax have the rollers, be- 
tween which the extenfion or drawing out is effefted, placed 
at a diftance of from 14 to 18 inches between the firft 
two pair of rollers, through which the flax paffes ; the next 
two pair fix or eight inches ; after which it is paffed between 
the third pair of rollers at a diftance of five or fix inches, 
and then delivered to the fpindles, which are fimilar to thofe 
of the water-frame, but placed in an inclined pofition. The 
rollers arc made in a very different manner from thofe for 
cotton, being only narrow wheels jult wide enough to receive 
the fibres of flax between them ; and the fibres are prevented 
from getting out fidewayn by fmall tin fpouts, through 
which the flax paffes, as the rollers draw it forwards. The 
reafon of this is, that the flinty furface of the flax would 
foon wear a hollow part round a plain roller, which would 
then let the flax flip through ; but the narrow wheel wears 
down equally over the whole breadth of its edge. The 
lower pair of thefe rollers, or wheels, revolves m a fmall 
trough of water, in the lame manner as a grind-Aonc, and 
thus keeps the flax conllnutly wet, which is neceffary, in 
order to foften the fibres, and make them fpin into a firm 
and frmjoth thread. 

Worlled is alfo fpun in a frame rcfembling the water- 
frame of Arkwright, from which it only differs in the 
relative diltances of the rollers, by which the drawing out 
or extending of the fibres is effe&cd. 

Meflrs. Clarke and Bugby obtained a patent in 1806, for 
improvements in a machine for fpinning hemp and flax, which 
is intended to be worked by hand labour, and to be at fuch 
a fmall ex pence, as to bring it within the reach of fmall ma- 
nufacturers, The inventors Hate it to be conilrufted upon 
fuch fa fe and eafy principles, that no length of experience 
is necepfary to enable children to work it ; and that it oc- 
cupies fo little fpace, that the machines may be placed in 
fmall rooms, out -buildings, or other cheap places. To ef- 
fe& the above purpofes, it was neceffary to get rid of the 
flyer fixed upon the fpindlc ufed in the old machinery for 
fpinning hemp or flax, which additions require a power in 
proportion of five to one ; and alfo to furmount the diffi- 
culty which arifes from the want of clafticity in thefe fub- 
ftances, and which prevents them from beinjr fpun, by itretch* 
ing out at the fame time that the thread is twifted, in the 
manner of the mule or jenny. 

Thefe patentees recommend a machine, which is in fa< 5 t a 
mule with certain modifications ; and to give the effe6t of 
elaflicity in the fibres, they have two methods. The mofl 
Ample, and that which they particularly recommend, is to 
provide a holder of large wire for every fpindle, which 
holders are feveral inches in length, fixed in an arbor or 
(haft, that extends from one end of the carriage to the other. 

This arbor or {haft, with the holders, may be confidered 
as an enlarged and improved fulfil it ute for what is called the 
fuller in the mules or jennies for fpinning cotton, and the 
wire-holders fixed therein have elliptical eyes at their ex- 
tremities, through each of which a thread is conduced in 
its pafiage from the rollers which draw out the thread to its 
fpindle. The wire of which the holder is made, after form- 
ing the elliptical eye, is left or extended beyond the upper- 
moll part, fomething in the manner of a cork-fcrew, fo that 
the ya r n may be conveniently flipped in when occafion may 
require it. Thefe holders for each thread are for the pur- 
pose of keeping the yarn in a Itate nearly vertical over the 
tops of the ipindle, When the carriage which contains them 
is coming out ; and as they will readily yield or fpring from 
the vertical pofition, they have the fame effect m elaflicity 
iz 
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in the fibres of the fubftance which is to be ftrctched out ; 
but the wires being removed from the vertical fituation at 
the beginning of the return of the carriage, and thrown into 
nearly a horizontal pofition, by inclining the ihaft into which 
they are all fixed, they bring the yarn below the tops of the 
bobbins or quills which are fixed upon the fpindles, which 
will then wind up the threads upon them when the fpindles 
are turned round, and then the wire-eyes being regularly 
curved, and raifed up again by the motion of an elliptic 
wheel, which is turned round by the machine, they diftributc 
the yarn regularly upon the bobbins or quills, and prevent 
it from hinkling, and improperly doubling or twilling to- 
gether. Another method of compcnfating for the want of 
clallicity in hemp and flax, is to fix a round bar of wood, 
aboyt au inch and a half in diameter, the whole length of the 
carriage, about three or four inches above the tops of the 
fpindles, fo that the outer furface, or that next the perfon 
who works the machine, may be perpendicular, or nearly 
fo, over the tops of the fpindles, the inner fide having 
pieces of wood or metal fixed or nailed thereto, leaving 
only fmall fpaces or notches between each, for the yarn to 
pafs through. The ufe of thefe pieces is to prevent the 
threads from getting together and entangling. Every thing 
relating to the wire-holders before mentioned, and the arbor 
to which they are affixed, muft be applied in concert with 
thefe pieces of metal, which form a reparation between the 
threads. 

The art of fpinning, which nature has given to many 
animals of different kinds for their prefervation, and other 
purpofes, is not confined to the inhabitants of the earth or 
air alone, but is even extended to thofe of the fea. M. 
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Reaumur has ihewn, by a feries of curious experiments, 
that the common mufclc, and fome other Ihell-nfli of the 
fea, poffefs it in a great degree of perfe&ion. See Muscle. 

But he obfervea, that though the workmanfliip is the 
fame, the manner of producing it is very different. Spiders, 
caterpillars, and the like, make threads of any length that 
they plcafe, by making the vifeous liquor, ox which they 
are formed, pafs through a fine perforation in the organ ap- 
pointed for this fpinning : but the way in which the mufcles 
form their threads is very different, as the former refembles 
the work of the wire-drawer, fo does this that of the founder, 
who cads metals in a mould. The canal of the organ def- 
tmed for the mufcle’s fpinning, which, from its fhape, is 
commonly called its tongue, is the mould in which its thread 
is call, and gives it its determinate length. Mem. Acad. 
Far. 1711. 

S PI N N 1 n i}- lVheet } in Rope-making for twelve fpinners to 
fpin yarn at the fame time, is about five feet in diameter, and 
is hung between two polls fixed in the ground : on its top 
is fixed a femi-circular frame, called the head, which con- 
tains twelve whirls, that turn on iron fpindles, with hooks 
to their fror.r ends to hang the hemp on, and are worked by 
means of a leather band encircling the wheel and whirls. 
The whirls are made to run with a truer motion when the 
head on the rifing fide of the band has a larger fegment of 
a circle than the tailing fide ; or in other words, let the bafe 
part of 0 \ ‘ head be longer from the middle than the oppo- 
fite or tailing fide, by which means the band will be kept 
equa 11 right over the whirls, and confequently the motion 
be alikv .0 all. N.B. Heads made in this manner have the 
wheel turned always the lame ..ay, 




Spirits, Dijlilled , a general name given among diftillers 
to thofe ardent liquors that are obtained from various mate- 
rials, and by different proceffesof diltillation. The nature 
and properties of thefe liquors, and the modes of obtaining 
them, are detailed under the articles Alcohol, Brandy, 
Distillation, Fermentation, & c.; but we fhall here 
fpecify fome particulars that more immediately relate to the 
common fpirituous liquors that are, we lament to fay it, fo 
much in ufe in our own country. Thefe are, for the moft 
part, prepared from fermented corn of one kind or other, 
with certain additions, at the pleafure of the diftiller, of 
molaffea, carrots, and other fublaccharine vegetables. The 

E rincipal ingredient, except in a feafon of icarcity, is one 
ind or other of grain. (See Addition.) Tnc fpirit 
thus procured is reaified for fale by being rediftilled with 
juniper-berries, turpentine, and other fubftances, in order 
to modify and improve its flavour and appearance. The 
grain, when barley is ufed, is ufually firft malted, and in 
Scotland it is dried with peat, which gives to the fpirit 
diftiUed from it, called “ whilky,” its peculiar flavour. 


It is then ground into coarfe powder, and the infufion 
fermented with yeaft in large tuns. This fermented 
liquor is called “ wadi,” and in this Hate it is fit for dif- 
tillation. Under the articles already referred to, the ge- 
neral procefs and the implements ufed in it are deferibed ; 
but previoufly to the operation fome fubftances arc added to 
the wafh, for the purpofe either of increafing the quantity of 
fpirit that is afforded by it, or of keeping down the effential 
oil derived from the malt, which would give the liquor a 
naufeous flavour, or of regulating the boiling within the 
ttill, and preventing it from boiling over or 14 running 
foul,” or of neutralizing the acid generated during the fer- 
mentation, which would very confiderably lelfen the produft 
of fpirit. For thefe purpofes foap is confidered the beft ad- 
dition, and accordingly it is ufed in large quantities. Other 
diftillers ufe alkalies. At the commencement of the opera- 
tion, the liquid is oily and turbid, and has a naufeous flavour, 
on account of the oil of the malt which accompanies it ; 
but by degrees it becomes clear, and runs io to the lait, 
although its ftrength decreafes, and it becomes more watery, 
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and confequently of lefs fpecific gravity. (See Specific Gra- 
vity. ) The quantity intermediately obtained, omitting the 
firft and the laft produ&s, is then redidilled or “ refti- 
fied,” (fee Rectification) ; and in this ftage of the ope- 
ration, thofe additions (fuch as juniper- berries, See.) which 
give the fpirit its flavour, are introduced into it. The pro- 
cefs of didillation on a fmall fcale is Ample and eafily con- 
du6ted ; but the large diitilleries, where expenfive works are 
carried on, require a greater degree of practical (kill, both 
in the preparation of the appnratus, the adjuftment of the 
materials, and th* condu<ft of the operation. In order to 
expedite the procefs, feveral alterations have been made in 
the form of the itill, particularly in Scotland, where it is 
an object of importance to be quick in the difpatch of the 
operation, on account of the mode of levying the duty ; 
and, therefore, by gradually widening the bottom and con- 
tracting the height of the ftill, didillation is performed with 
a furprifmg rapidity. A ftill is faid to have been conftru di- 
ed, which contains only 40 gallons in the body and three in 
the head, and in the ule of it the whole time of its opera- 
tion, from its commencement to its clofe, amounts only to 
2j minutes, when the charge of wa(h is 16 gallons, or £ths 
of the whole content. In rectification, which is a flower 
procefs, the charge is 24 gallons, and the time of diddling 
about 10 minutes. 

A good fpirit may be obtained without malting the grain, 
whether it be barley, or any other kind of corn which will 
anfwer the purpofe. With us, a mixture of barley and malt 
16 generally preferred ; in Holland, the very bed geneva is 
made from wheat and malt, though more commonly from 
malt and rye, the latter yielding more fpirit than wheat. 

The following procels is that which is pra&ifed by mod 
didillers. A quantity of rye-flour, coarfely ground, is 
mixed with a third or fourth part of malt, and put into the 
fermenting tub, with cold water, flirring it well with the 
hand, to prevent the meal from clotting. Water of a blood- 
warmth is then added, in fufficient quantity, after which 
the ferment, compofed of the yead of former operations, 
dried and kept for a certain time, is mixed with the whole. 
(See Ferment.) When the weather is favourable, and the 
heat well regulated, the fermentation begins in Ax hours, 
and terminates on the third day, when the liquor becomes 
tranfparent, and aflumes a hot pungent tade. The didilla- 
tion is then immediately commenced, before the liquor turns 
four, which (hould as much as poflible be avoided. The 
didillation is conducted very (lowly, to prevent the impreg- 
nation of the oil of the grain with the fpirit, and of courle 
the unpleafant flavour of the fpirits. The Aril fpirit is 
then re&iAed by a fecond didillation over juniper-berries, or 
in double geneva,” by a third procefs. 

In fome of the ordinary forts, however, the juniper-ber- 
rie« are mixed with the fermenting materials, and one didil- 
lation fuffices. In the common geneva or gin, vulgarly 
ufed in this country, the Ane juniper flavour is coarfely 
imitated by turpentine. See Geneva. 

For the procefs of obtaining arrack, brandy, and rum, 
fee Arac, Brandy, and Rum. 

Spirits, Proof, or common faleahle goods , are fpirits of 
any kind of a determinate ftrength, being the fame with thofe 
of good brandy, and the malt and fugar fpirits of the diflil- 
lery, as they are ufually fold ; containing equal quantities, 
or deflnite proportions, of re&ified fpirit and water. 

The bed proof fpirit is that di Allied from French wine ; 
but for common ufe, the fpirit drawn from molaifes may be 
employed. 

The common method of examining whether fpirits have 
<his due degree of ftrength is this ; — take a long phial, All it 
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half way with the common malt fpirit, and give it a fmart 
ftroke by its bottom againft the palm of the hand, there will 
then appear on the furface a chaplet, or crown of bubbles, 
which will go off again in a ftrong manner ; that is, firft 
remaining a while, and then going off by degrees, without 
breaking into fmaller bubbles, or fwellinr into larger. 

By this experiment all the traders in (pirit9 judge of the 
ftrength of the goods they purchafe ; yet this is a mere fal- 
lacy and deception 5 for if only a little vinous or faccharine 
matter, as treacle, fyrup, mud, rob of fruits, or the like, be 
added to a quantity of highly redlified fpirit of wine, this 
flight addition will give a brandy proof to that fpirit. See 
Alcohol, Brandy, and Bead Proof. 

Whether there be any fecret for making weaker fpirits 
(hew this proof as weil as brandies, &c. is not certainly 
known 5 but the thing is pradticable, fince arrack, whicli 
is but of half the ftrength of brandy, gives as fair a proof 
this way 5 and if a drop or two of any effential oil be added 
to a pint of brandy, it takes off its proof, and makes it ap- 
pear much weaker than it is. The true ftrength may, 
however, always be known, by carefully burning away 
a meafured quantity of brandy, Sec. Ance if it leaves one 
half water it 19 right ; if more or lefs, it is too ftrong, or 
too weak. 

But befide the falfe method of judging of brandies by 
what is called proof, there is another not lefs fallacious one 
of judging of their goodnefs, though kept as a great fecret 
in the hands of fome dealers, and imagined a certain criterion 
to determine whether foreign brandies are mixed with corn 
fpirits. Thefe diltillers are provided with a certain yellow 
liquor, a few drops of which being poured into a glafs of 
right French brandy gives it a beautiful blue colour, and, by 
the ftrength and goodnefp of this colour, they judge and buy ; 
but if common malt fpirit be tinged with oak, it would give 
this colour equally with French brandy, and might be pur- 
chafed as fuch. This proof tin6iure is expeditioufly made, 
by diflolving a little green vitriol, Arft calcined to a rednefs, 
in a weak lpirit of lea-falt, which thus becomes a yellow 
liquor, a Angle drop or two of which being added to a glafs 
of any inflammable fpirit, coloured yellow or brown with 
oak, or with long remaining in the calk, will inftantly turn it 
of a bright and beautiful blue. 

The bell way of judging in thefe cafes is by the nofe and 
palate. Dilute a quantity of brandy considerably with 
water, and you will perceive the malt tade, if mixed with 
malt (pirita ; or burn a little in a fpoon, and by the fmell 
and talte of the water it leaves, you will eafily judge whether 
there be malt in it. 

Proof fpirits may be diflinguilhed into three kinds, perfect 
proof, more than per fed. proof, and lefs than perfeEt proof. By 
perfeEt proof is ufually underdood that crown of bubbles, 
before mentioned, of a certain fize, arifing as a head upon 
a fmall quantity of a well-qualified fpirit (hook in a (len- 
der phial. 

Proof more than perfeEt, is that in which the bubbles raifed 
by (baking the fpirits, are larger than thofe on the common or 
perfect proof, and go off more fuddenly ; that is, according 
as the fpirit is higher, or approaches more to the nature of 
re&ified fpirit, or, as it is ufually called, Jbirit of wine. 

Proof lefs than perfed , is that in whicn the bubbles are 
fmaller, ana go off quicker and fainter than in perfect proof ; 
the fpirit in this cate being mixed with more than its own 
quantity of phlegm, or being too poor for fale. 

The fureit method of judging of* the ftrength of fpirits, is 
by the hydrometer, water-poife, or balance ; or* adly, by dif- 
tillation, or finally, by deflagration. The fpecific gravity 
of totally inflammable fpirit it fo mqcfe fe# than that of 
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phlegm, or common water* that it is eafily fenfible upon 
the balance ; whence an exaft hydrometer, well balanced 
and graduated, and furnifhed with a proper fcale of weights, 
may be of great ufe to alfign the proportions in which pure 
fpirit and water are mixed in any given liquor. ( See Specific 
Gravity, and Hydrometer.) Though, perhaps, a 
readier way than this may be that of M. Homberg’s, men- 
tioned in the Memoirs of the Paris Academy, 1718, for de- 
termining the different gravities of different fluids, by means 
of a bottle with a very long and {lender neck ; which being 
filled to a certain height with any mixture of fpirit, is 
weighed againil the fame bottle filled with pure water. 

The moll exaft of all methods of determining the ftrength 
and fpirit is by diftillation, rectifying it up to an alcohol, or 
totally inflammable fpirit ; but this, though liable to no er- 
ror, is too tedious to come into common ufe. And, upon 
the whole, the belt method of all others, feems to be that 
of deflagration, which M. Geoffroy has been at much pains 
to adjuit and improve. 

In commerce, with regard to fpirits, it would certainly be 
a much better method to abolifh fuch uncertain proofs, and 
to make all the goods of the ftrength of what we call fpirits 
of wine ; that is, a totally inflammable fpirit, whofe purity 
is much greater, whofe ftrength may always be found out 
with exactness, and whofe bulk, (towage, carriage, and in- 
cumbrance, would be only half in regard to that of brandy, 
or proof fpirits ; and it might at all times, as occalion c alled 
for it, be mixed into a great variety of extemporaneous 
liquors, and the exaft degree of ftrength would be always 
precifely known. 

This operation, indeed, in the common way, proves fo 
tedious and ex pen live, and, after all, fo fliort of expectation, 
and fo generally unfatisfaftory, that it is not to be expefted 
that the common diltillers, till they have fallen into a better 
manner of working, ftiould come into the propofal. But if, 
inftead of the common way of rectifying by the hot-ltill, 
they would try the ufe of a large balneum Mariac, made of 
a large reftangular boiler, and a fet of tall conical veil els, 
they will find that little fire, and little attendance, and con- 
fequently very little expence, will, in this manner, furnifh 
them with fpirits reduced at once to this itandard, and 
greatly fuperior, in all refpefts, to the c :m moil ones of the 
fame ftrength. In this cafe there would be no need of any 
addition of (alts ; but the diftiller may work more perfcftly, 
and more expediticufly without them, and thus prefer ve the 
fine effential vinoftly of the fpirit, which, in the common way 
of working, they conftantly lofe. 

The advantage of this method would be yet greater to the 
apothecaries, and the makers of compound cordial waters, 
who want only a pure fpirit of fuch a ftrength, and 1 offer 
greatly in the fiuenefs and perfeftion of their commodities, 
by the fpirit they are obliged to ufe having in it a fulfome 
and naufeous oil of its own, which will always mix itfclf 
with their compofitions, and the oils of the aromatics, &c. 
which they add to it. If fpirits were brought to this ftand- 
ard for the market, there would be no poflibility of deceit, 
and no farther examination need be made of it by the buyer 
than its burning perfcftly dry in a fpoon. Shaw’s E(iay 
on Diftillery. 

It is, however, to be obferved, that though the burning 
of fpirits away in a fpoon may ferve the trader in the com- 
mon wav, yet M. Geoffroy has obferved, that they are no 
proofs for the philofopher, or the chemift, being not at all 
determinate or exaft, though commonly fuppofed fo. 

From what has been laid, it appears that brandy is much 
more inflammable than wine, and fpirit of wine much more 
fo than brandy, and ought to burn away without leaving 
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any remainder. Hence it is vulgarly fuppofed, that fuch 
fpirit of wine as burns wholly away contains no phlegm, and 
that if two parcels of fpirit both burn wholly away in this 
manner, they mu ft be the fame in ftrength, and in all other 
qualities ; but M. Geoffroy has proved by experiment, that 
fuch fpirit as burns wholly away, does yet contain a great 
deal of water, and two parcels both may burn thus away, and 
yet be very different ; and that this trial is not determined 
by the entire abfence of the phlegm, but by its proportion 
to the oil. 

If the fame fpirit of wine, which in the common way of 
burning leaves no water, be again tried, by burning it in 
a hollow veffel fet to float in a large quantity of cold water, 
it will then leave a confiderable quantity of water ; nay, 
all that is reftified only in the common way, leaves a large 
portion of phlegm on this experiment. The plain reafon of 
which is, that this is the only fair trial, the other in the 
common way being fallacious. In this there is no more 
water left than was in the fpirit ; but in the other, the 
veffel becoming heated by the burning of the fpirit, that 
heat gradually evaporates the water, as the fpirit burns 
away ; fo that the one is as foon gone as the other. But 
keeping the veffel cool by external water, prevents that 
evaporation, and confequently retains and difeovers all that 
cannot burn of the fpirit. 

The quantity of water thus difeovered in fpirit of wine 
is very great, and it has always been found, that in propor- 
tion as the experiment has been made more and more per- 
feft, the fpirit has always appeared proportionably left and 
lefs fo. 

Pure alcohol, or alcohol of a fpecific gravity of .796, 
at 6o° Fah., which is the ftrongeft that can be procured, 
leaves no water ; reftified fpirit of moderate ftrength, 25 
per cent. ; French brandy, 56 ; and common malt liquor, 65. 

The tell for afeertaining the ftrength of fpirits by pour- 
ing a few drops on gunpowder, is very incorreft. A more 
accurate tefl than any of thefe, and fufficient for common 
urpofes, is to (hake the fpirit in a phial with very dry car- 
onate of potafs, and obferve the quantity of water attrafted 
by the alkali, which indicates its ftrength. But the only 
certain mode of afeertaining the relative ftrength of fpirits, is 
by determining the fpecific gravity of the fpirit at a given 
temperature ; thus, at 6o° Fahr. the fpecific gravity of refti- 
fied fpirit is .83599, at 6 $° it is .83362, and at 70° the 
gravity of the fame fpirit is .83134; while the gravity of 
the proof fpirit of the London College, at the fame degree of 
temperature, is .93002, .92794, aud .9258 (fee the table 
under Spirits, m the Materia Medical) the weakeft 
fpirit having the greateft fpecific gravity, and this di- 
minifhing as the temperature increafes. For ordinary pur- 
pofes, the relative ftrength of fpirits may be known by 
weighing the fample to be tried in a phial capable of hold- 
ing exaftly 500 grains of water. An equal bulk of refti- 
fied fpirit weighs 418 grains, and of proof fpirit 465 ; hence 
the number of grains above or below thefe fums will indi- 
cate the relative ftrength of the fpirit. 

The quality of the phlegm that is left is alfo of ufe to 
judge of the fpirit by ; if that were perfeftly fine, tins ought 
to be perfeftly limpid and clear, and without tafte or fmell : 
as it wants either of thefe properties, it is a proof of the want 
of perfeftion of the fpirit it is obtained from 5 but the great- 
eft of all defefts, is its having a coarfe oil fwimming upon it, 
and giving the colours of the rainbow in different lights. 
Mem. Acad. Par. 1718. See Brandy. 

Spirits, Colouring pf, the art of giving to diftilled li- 
quors a colour, which takes off their watery appearance, and 
gives them a refemblance of the foreign brandies, &c. 
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The colouring is not only neceffary on this account, but 
as we ufually cftecm the fpirits by the proof of the crown of 
bubbles, it is found that the clean rectified fpirit will not 
afford this proof till it has received its dofe of the colour 
The dillillers difpenfc this colour in any proportion that 
they hud convenient or neceffary ; it is always yellow, but, 
according to the degree, differs extremely in deepnefs, from 
the palcit draw -colour to the deepeft orange. This irt of 
colouring was firft introduced, from obferving that all the 
fine and foft foreign brandies, that had the mellowncls ne- 
ceilary to their perfedion to the tafte, had alfo a yellow 
colour. The colour, m this cafe, has indeed nothing to do 
with the flavour ; but that being kept in calks the fame age 
that was neceffary to give them this mellowncfs, would alfo 
give tlv'm a colour from the wood. It was hence fuppofed, 
that the particular excellence of the foreign brandies de- 
pended on the woody colour, and accordingly pains have 
been taken to give the fame colour to our fpirits by various 
methods. 

The way of obtaining it, by many years (landing in the 
cafk, proved too tedious for our hafty workmen, and ac- 
cordingly they provided means of giving it cxtempoie by 
itrong tmdurcs of feveral ingredients ; the chief of which 
are logwood, faffron, Japan earth, treacle, burnt fugar, and 
oak-chips ; the three former of thefe have but little to re- 
commend them, but the others are found very ready, and 
very proper for the ule. 

Treacle gives a fine colour not much unlike that of the 
foreign brandies, and being licceffarily ufed in a large 
quantity, as its colour is but dilute, it not only mends the 
bubble, or bcad-pionf, impaired by the rectification, but 
alfo gives it a fulnefs in the mouth ; both which properties 
art* very agreeable to the vulgar, who are the chief retail 
confumers of thefe coarfe goods. 

Burnt fugar, that is, fugar diffolvcd in a little water, 
and fcorchcd over the lire till it turns black, goes much 
farther in the colouring than treacle, and at the fame time 
gives no fweetnefs, but rather an agreeable hi Kernels ; and 
thus recommends itfclf to the nicer palates, that are not 
for a hifcious fpirit. Indeed fugar, thus treated, tinges to 
a great perfection, and that without lofs of time, anti with 
as much cheapness as can well be dclired. 

The lait article mentioned, namely oak-chips, is of all 
others the moll natural for imitating the dye of foreign 
fpirits, as it is the very wood of which the calks they come 
over in are made, and from which they take that colour of 
which we are fo fond. The colouring with oak has alfo 
this fait her advantage in fpirits meant as fophiilications of 
the foreign ones, thu it will Hand fome tells ufually had re- 
courfe to on the occafion, which the others will not Hand. 

Common Ipirit poured on oak-chips, and digeiled in a 
moderate heat, cafily fetches out the rciinous part of the 
wood on which the colouring depends ; but then it does 
not go near fo far as the burnt fugar ; a large quantity of 
oak being required to colour a imall parcel of brandy, or 
fpirits. It is advifeable not to make the tincture every 
time, but to have recourfe to an extract of this wood in a 
liquid form : this extrad is bell made in two mcnllruums, 
alcohol and water, and may be evaporated to any ilrength, 
fo that a very fmall dofe of it will tinge a great quantity 
of liquor. The two liquid extracts will be mixed together, 
and as they will be apt to leparate in llauding, it will be 
proper to add to them, when newly made, a quantity of 
line: fugar ; this will give a body to the whole, and it will 

keep better from mould inei’s than it would without it.. 

Shaw’s Efl-ty on DiftiUcry. 

Vul. XXXIII. 
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SnniTS, Convertibility of. 1 This is a do&rine that has 
obtained among many of the moil curious experimenters, 
and, indeed, the moil intelligent of our chomiils have always 
allowed, that provided proper care were taken in the getting 
together of the material, one fpirit may always be changed 
into another, as brandy into rum, malt-fpirit into brandy, 
and brandy into malt-fpirit. The principles on which this 
is believed are thefe. 

All fimplc fpirits (as they are called) confift of four 
parts, water, cil, phlegm, and alcohol 5 the lait of thefe is 
the effential part, and is what conftitutes the whole a fpirit. 
In reducing fpirits, therefore, to their utmoil degree of 
fimplicity and purity, it is evident that the three fuper- 
fiuous parts arc to be got rid of, and the fourth left alone 5 
by this means the alcohol is procured diftinCt, and is a 
liquor fui generis of many peculiar qualities, not to be 
found in any other fluid. 

Among others, it has thefe remarkable properties: 
1. When abfolutely purified, it is an uniform and homogene 
liquor, capable of no farther reparation, without lofs or 
deilrudion of fome of its homogeneous parts. 2. It is 
totally inflammable, leaving no foot nor any moiilurc behind. 
3. It has no peculiar taite or flavour, any more than pure 
water, except what is owing to its nature as alcohol, or 
perfectly pure fpirit. 4. Tt is an unduous and crifpy fluid, 
running veiny in the diitillation, and its drops rolling on 
the furface of any other fluid, like peafe upon a tabic, 
before they unite. 5. It appears to be the effential oil of 
the body it is obtained from, broken very fine, and inti- 
mately and ftrongly mixed with an aqueous fluid, which is 
affimilateu, or changed in its nature in the operation. 
6. And lailly, it feems to be a kind of univerfal fluid, pro- 
ducible with the fame properties from every vegetable 
fubjed ; but to produce it thus requires fome care in the 
operation. See Alcohol. 

On thefe principles is founded the opinion, that all fpirits 
may be reduced to a perfed fimilarity, or famenefs, from 
whatever fubied they were procured, and on this depends 
their convertibility into one another ; for when once they 
are brought to this ilandard of fimplicity, there needs no- 
thing more than to add the oil of fuch of the liner fpirits 
as is required to convert the fpirit into that particular 
kiud. By this means the fame taitelefs fpirit, whether ob- 
tained from malt, fugar, or grapes, may be made either into 
malt-fpirit, brandy, or rum, by adding the eflential oil of 
the grape, fugar, or malt ; and thus, what was once malt- 
fpirit, (hall become brandy, or whatever elfe the operator 
plcafes. 

Many methods have been attempted to obtain the firft 
point, that is, the reducing of the Ipirit to perfed and pure 
alcohol. The molt practicable means feem to be long 
digeition, and the repeated diitillation from water into water 9 
where the eflential oil will at once be left upon two furfaces, 
and the acid imbibed. The fhorter ways are thofe by 
rectifying from neutral abforbent falts and earths ; fuch as 
fugar, chalk, and the like. And lafUy, the ufe of fixed 
alkalies may be tried, for thefe very forcibly keep down 
both the phlegm and oil ; infomuch that this lad method 
promifes to be the fliorteft of all, if the art were known of 
utterly abolifiiing the alkaline flavour, which the alcohol 
is apt to acquire in this operation, and which, for this pur- 
pofe, is by no means fuitablc, as abfolutely dcllroying all 
vinofity, which univerfally confift a in a fine volatile pungent 
acidity. The diltillers are the only people whofc btifinefs 
would lead them to make the experiment. This method 
of converting one fpirit into another, would be of immenfe 
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profit to them if they could perfeftly fuccced in it ; but as 
£ >voul require time and flow proceffes to bring it about, 

re is but little hope of its ever being brought to bear 
nong them, while they are in their prefent fchcme of doing 
v-ery thing with difpatch and hurry. 

Dr. Shaw has faid a vatt deal in the praife of a taftelefs 
Ipirit, which is producible from a vegetable fubftanre, only 
overlooked, as he tells us, becaufe it is too common, with 
which all the foreign fpirits might be imitated to the ut- 
moit perfection by means of their effential oils, all thin fine 
wines raifed to any due degree of ftrcngth, without giving 
them the brandy flavour, and many other things of great 
ufe performed ; but he has not told us what the vegetable 
fit bit an cc is from which wc are to obtain this. Shaw's 
Eflay on Diltillery. 

Sri kit, Ardent * called alfo fpirit of wine, becaufe it can 
only be obtained from fubftances which have undergone the 
vinous fermentation, is a very light, very volatile, very fluid 
liquor, perfectly white and limpid, and of a ftrong, pene- 
trating, agreeable taftc and fmell. See A r.( onoi,. 

Spirits drawn from wine, fuch as French brandy, may, 
in a great meafure, be purified or rectified by fimple diftil- 
lation, in tall vellels with a gentle heat, the pure fpirituous 
parts riling before the phlegm : if French brandy be thus 
diddled to one-half, the diddled fpirit proves tolerably pure. 
See Bn andy. 

But wine or brandy bring in this country too dear an 
article for didillation, this purification is chiefly praCtifed 
on the cheaper fpirits of moloffes and malt-liquors. To 
feparate the o (Ten five oil witli which thefe abound, after 
they have been freed by didillation from the greateft part 
of their phlegm, they are mixed with an equal quantity of 
ipring- water, and the fpirit drawn off again by a gentle 
beat : a couliderable portion of the nil is thus left behind in 
the watci , which now proxes turbid and milky, and very 
naufeous both in fmell and tade. The fird produce is the 
il rouged and pureft, and when it has come over to the 
amount of ^th of the whole contents of the Hill, hums the 
reftified fpirit. By repeating this ablution with frefli quan- 
tities of water, the fouled and mod offenfive fpirits may be 
purified from all ill flavour. To complete the purification, 
or free them from their remaining phi or oil, or the 
watery vapour which is railed even by the gentl'd heat in 
which they can be dillilled, a little fixed alkaline Fait, 
thoroughly dried and powdered, or lime, or fome oilier 
article of ? like kind, it* added ; which, imbibing the phlegm, 
is thereby dillolved into a ponderous liquid, that does not 
mingle with the Ipirit, but fettles at the bottom. If the 
fpiiit is very phlegmatic, four pints will require a pound 
of the alkali ; if the didillation has been performed with 
due care, half this quantity, or lei will be fuliieient : in 
either cafe, if all the fait diflolves, tin. fpirit is to be di- 
gefted with a little more, till at lead a part remain*, undil- 
Volvcd. The fpirit now poured ofl is to be again diddled, 
in order to feparate from it a portion oi the hilt which has 
united with it, and which, though extremely minute, may 
in lomc refpeCts change its qualities. As fome particles of 
the alkali are apt to be carried up with it, even m the 
didillation, fo as to communicate an ill flavour, or an 
urinous tade, it is advifeable previoully to add a imall por- 
tion of calcined vitriol, or burnt alum and charcoal, which 
will completely abforb the alkali, without giving any new 
impregnation to the fpirit. Malt-fpirits, when properly rec- 
tified, yield as pure and aa ftrong rectified fpirit as brandy. 
Lewis's Mat. Med. See Djsiiu.ation, and Spirits, in 
he MaterU Medial , infra. 
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When only a fmall quantity of ipirit of wine to to bj 
re&ified, the ufual operation for this purpofe, by meauA 
of didillations of the fpirit called aqua vitx, obtained from 
the firft didillations of liquors that have undergone the 
fpirituous fermentation, and which are overcharged with a 
large quantity of phlegm and light oil, is difficult. Theft' 
didillations being (lowly concluded with a gentle fire and 
water-bath, yield but a fmall quantity of that liquor, 
which, being the mod volatile, rifes iirft with the lealt heat, 
and which is the true or redified fpirit of wine. Several 
chemids, therefore, in order to obtain a larger quantity 
of the firft fpirit, propofe to mix with the fpirit of wint: 
fome intermediate fubdanccs, to abforb and retain its phlegm 
and oil, fuch as dried and calcined lalts, very dry chalk, &c. 
Kuiickel propofes to feparate more effectually the oil, by 
adding to the fpirit a large quantity of water, and by 
dillilling this diluted (pint with a very gentle heat. But 
the trouble and inconvenience of depriving the fpirit of 
wine of the water with which it was diluted in this pmeefs, 
may be avoided, by rectifying at one'* a lar^r quantity of 
aqua vitne. Nothing more is required to obtain at once 
a confiderablc quantity of pure fpiiit of wine, than to fet 
afide the twelve or fifteen pints Iirft drawn over from a 
Lirge quantity, r. {>. f»om three hundred pints of aqua vitae, 
didilled with a very gentle fire in a large alembic. As the 
mod fpirituous, lead aqueous, and Wall oily part of it 
always riles iirft, thefe twelve or fifteen pints are perfectly 
rectified fpirit of wine, especially when the heat has been 
well conducted. 

By thus keeping apart portions of the fpirit obtained, at 
different times, we may have fpiiit of wine of the fevcral 
degrees of llrength and purity. The weaker fpirit may, by 
another didillation, be again resided ; and the fpirit of mo- 
derate llrength may be preferved for many ufes. The me- 
thod b followed by M- Benume in the rectification of fpirit 
of wine, and is certainly the molt convenient and the heft. 

A perfectly readied fpirit of wine, or fuch as is entirely 
freed from water, is undoubtedly a thing of frequent and 
neccflary ufe in the nice operations of chemidry. 

It had ufed to he prepared, either by often diddling the 
fpirit, and every time drawing over only half of it, and re- 
peating this till the half remaining in the cucurbit appeared 
as ftrong as that drawn over ; or elle by raifing it to a 
great height from the body of the veffel, and this in a very 
gentle heat, fo that fpirit alone could rife, the water not 
being capable of being driven fo far by that degree of 
heat . 

But the accurate Boerhaave always found upon trial, that 
there was 11 ill remaining fome water in thefe fpirbs, whether 
prepared by the firft or fecond procels, or both. Boer- 
haave’s Chem. part ii. p. 124. 

The method he therefore invented is thL : fill a Hill half 
full of the fpirit prepared for alcohol in one or other of 
thole ways, and add to it half a pounded pure decrepitated, 
and perfc&ly dried fea-falt ; put this in hot, then place on 
the head, and carefully lute the junctures ; leave this for 
twelve hours in a heat fo fmall, as not to make the alcohol 
boil, then diftil off the fpirit; keep the fir II two ounces 
apart, becaufe fome aqueous vapour may have happened to 
lodge in the head or worm of the Hill, which this certainly 
waffles off ; after this receive two-thirds of the following 
alcohol into a pure dry glals veffel, and keep it perfedly 
Hopped ; then draw off the remainder, and keep that by 
itfelf : there will remain a moift fait in the flill, which has 
attraded the aqueous matter of the alcohol, and held it fo 
down, that it could not rife by the heat of boiling water. 
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tc-hich is all that mull be ufed in this diftillation ; and the 
fair having been firft decrepitated, never makes any change 
in the alcohol by adding any thing to it. By this means 
an alcohol is prepared pcrfc&ly pure, and fit for all the ufes 
of chemiftry. 

For the teds and properties of pure alcohol, fee Al- 
cohol. 

M. Reaumur difeovered, that a mixture of fpirit of wine 
and water acquired a fpecific gravi f y greater than that which 
would arithmetically refult from the proportions employed 
of each of thefe liquors. Thus, fifty mcafures of fpirit of 
wine, and fifty meafnres of water, mixed together, were 
found to make only ninety-eight mcafures ; but in what pro- 
grefiioti the denfity is increased hy mixing various propor- 
tions of the two liquors, had not been determined till M. 
Briflon made a fet of experiments with that view ; an ac- 
count of which is given in the Memoirs of the Academy of 
Sciences of Paris, for the year 1769. 

From his experiments he has conftru&ed the following 
table, which fhews this progreffion, and alfo enables us to 
dilcovcr the proportion of fpirit of wine and water, in any 
given mixture of thefe (as brandies, rums, &c.), the fpecific 
gravity of which is found to correfpond with any of the 
fpecific gravities in the table. Thus, for inftance, if we find 
wpon accurate trial, that the fpecific gravity of the rum, 
brandy, or other mixture, whofe ftrength is required to be 
known, be to that of water as 942^ to 1000, we learn, by 
infpe&ion of the table, that this fpintuous mixture confifts 
of equal parts of water and fpirit of wine, of which fpirit 
the ftrength is fuch, that its denfity is to that of the water 
as 837 to 1000. The firft column fhews the proportion of 
well rectified lpirit of wine in the mixture ; the fecond co- 
lumn (hews the proportion of the water in the mixture ; the 
third column fhews the fpecific gravity of the mixture ; the 
fourth column (hews the difference between the fpecific gra- 
vity of the mixture and that the preceding mixture ; and 
the fifth column fhews the proportion which the feverai aug- 
mentations of denfity, caufed by penetration of the two 
liquors, have to each other, that is their progreflion. 
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confiderable in feverai other works and manufa&urcs, parti- 
cularly the making of varnifh. 

Proof-fpirit cannot be ufed for burning in lamps, for dif- 
ioivmg refins, and for making varnifh 5 and there is alfo a 
great number of tindtures, folutions, and mixtures, for which 
it cannot ferve ; but redified fpirit, or alcohol, befides its 
ready ule for medicinal purpofes, may, when the fpirit is of a 
proper kind, be made into punch, and all other mixtures, 
with greater purity, and much greater certainty and exadt- 
nefs m point of ftrength. See next article and Alcohol. 

Spirits, in the Materia Medica , “ rettified fpirit” of 
1 ^;~ on ° on ™ maco P c i a ; u alcohol,” fpiritus vinofus 
retfificatus five puriffimu.,” Edinb. ; “ fpiritus vinofus 

reetihcatus, Dub.; is alcohol nearly in the hi Midi Hate of 
concentration in which it can be eafiiy prepared in the large 
way for the purpofes of trade. The London and Edin~ 
burgh colleges ltate its fpecific gravity to be to that of water 

Whiie the Dllblin colle 2 e ftate8 k at 840. 

I he Edinburgh college names this fpirit alcohol ; but direc- 
tions being given both by the London and Dublin colleges, 
tor the preparation of a ftill itrongcr fpirit, the name of 
a cohol, in their pharmacopeias, is iudicioufly retained for the 
ltrongcr fpirit, while that of re&ified fpirit is applied to the 
prefent preparation. r 

The alcohol of the Lond. Ph. is prepared by taking of 
rectified fpirit a gallon, and of fubcarbonate of potafs, 
three pounds : add a pound of the fubcarbonate, previoufly 
heated to 300 degrees, to the fpirit, and macerate for 24 
hours, frequently fhaking the mixture ; then pour off the 
ipint, and add the remainder of the fubcarbonate, heated to 
the fame degree; and laftly, diftil the alcohol from a water- 
bath, and preferve it in a well-clofed veffel. The fpecific 
gravity of this alcohol is to that of diftiUed water as .2 1 c to 
1,000. 0 J 

Jc e .. a ] C ° ho1 Ph* *s prepared by taking of 

rectified fpint of wme, a gallon ; pearl-alhes, dried at a heat 
ot 300 , and ftill hot, a pound ; cauftic kali, in powder, an 
ounce ; muriate of lime, dried, half a pound. Mix the 
pint and the kali ; add the pearl-afhes, previoufly reduced 
to powder, and digeft the mixture for three days in a clofed 
vefie 1 , frequently fhaking it ; then pour off the fpirit ; mix 
with it the muriate of lime ; and laftly, diftil with a moderate 
heat, until the refidue begins to thicken. The fpecific gra- 

£ °l t*A f ? ,nt . 18 V V hat ° f ‘“ft 111 '* 1 water as 315 to iooo. 

about fp,nt °r the f P cc,fic gravity of 835, contain* 

about 15 per cent, of water ; and to free it from this is the 

intention of the above process. The Edinburgh college 
has no procefs for the preparation of pure alcohol, which 
may be eafiiy difpenfed with ; but it has very improperly 
given this title to the re&ified fpirit of the other pharma- 
T?i? e ' a m •. rfory. of the operation is fufficiently obvious. 
The affinity of the alkali and the muriate of lime for water 

irX C J \re? V h fn that of the f P irit ! k therefore, at- 

the fnfri d f X a n C n ,, and P reVC " ted fro ® "fing with 
com?, o " ng the d ' lll 1 Uat,on * by which mean, the alcohol 
comes over In a very highly concentrated ftate. Of the two 
precedes, that of the Dublin college is to be preferred • 
lime, being a much more powerful agent for fepa- 

bonate poufs’. “ th ' ° bjeA “ both ’ than fu ^- 
anP»i^l* Ck tbu * alcohol of the fp. gr. of 8oo°, 

of 68° Fahr Pr< 7 Ur b K a l0W as in Ae temperature 
ZjZaJ , ^ wh,ch de .S ree concentration it may be 

from tie? That K t’’ or al “ ho1 

ff “ ,f , That °J the pharmacopeias is not free from 

pur po fes oPpCm r ac?. a U ^ CIent,y COneentrated {or *** 
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The following Table, drawn up by Lowitz, with an 
additional column by Dr. Thomfon, (hews the fpecific gra- 
vity of different mixtures of pure alcohol, of a fpecific 
gravity .791, and diftilled water, at the temperatures of 
6o° and 68° of Fahrenheit. 
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* Alcohol of the London and the Dublin Pharmaco- 
eiat. ^ j* Ditto (Edinburgh) ; reftified fpirit (London). 
: Rectified fpirit (Dublin). § Proof fpirit (Lond. Dub.) 
I Ditto (Edinburgh). 
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In the extra 61 from Mr. Gilpin’s table (fee Specific Gra- 
vity), the ftandard fpirit was of the fpecific gravity of 
0.825, or contained 89 pure alcohol, and 11 water, in 100 
parts. 

Pure reftified fpirit has a fragrant odour, and a hot highly 
pungent taite. It is colourlefs ; always fluid ; cannot be 
congealed at any known degree of cold ; evaporates fpeedily 
at the ordinary temperature of the atmofphere ; boils at 
163° Fahrenheit ; and is extremely inflammable, burning 
with a blue lambent flame, without any fenfible fmoke. 
Like alcohol, it combines with water in every proportion ; 
and, on account of its affinity for water, precipitates many 
of the neutral falts from their aqueous folutions. It is ca- 
pable of diflolving many faline bodies, and is the proper fol- 
vent of the greater number of the proximate principles of 
vegetables. Its conftituents are 85 of pure alcohol and 15 
of water, in 100 parts, when its fpecific gravity is 835, at 
a temperature of 6o° of Fahrenheit ; but 83 only of pure 
alcohol, and 1 7 of water, when it is 840, as defignated by 
the Dublin college. 

Reftified fpirit is a very powerful ftimulant. In its undi- 
luted Hate it i9 never exhibited as a remedy ; and is merely 
employed for forming the diluted fpirit, and as a pharma- 
ceutical agent. 

The “ lpiritus tenuior,” or u weaker fpirit,” of the Lond. 
Ph.; the “ diluted alcohol,” the “ fpintus vinofu9 tenuior 
five dilutus” of Edinb. Ph.; and u fpiritus vinofus tenuior” 
of Dub. Ph., or “ proof fpirit,” is merely reftified fpirit di- 
luted with a certain proportion of water. According to 
the London and Dublin colleges, its fpecific gravity fhould 
be to that of diftilled water, as 930 to 1000 ; while the 
Edinburgh college orders it of the gravity of 935. The 
former may be formed by mixing four parts by meafure of 
reftified fpirit with three of water, and contains 44 parts of 
pure alcohol, and 55 of water, in 100 parts ; the latter 
is obtained from equal parts of reftified fpirit and water, 
and contains 42 of pure alcohol, and 58 of water, in 100 

S ts. Alcohol, diluted to the degree of proof-fpirit, is 
a very powerful diflfufible ftimulant, and too ftrong 
for internal ufe. Externally applied, it is recommended 
in burns; to reftrain bleeding m paflive haemorrhagies ; 
and as a friftion or fomentation to relieve mufcular pains ; 
and in a more diluted Hate it forms a good collyrium in 
the latter ftage of ophthalmia. Proof-fpirit diluted with 
water is employed as a remedy in the form of tinftures and 
fpirits ; and the ardent fpirits in common ufe may be re- 
garded as nearly of the fame nature. Thefe taken in mode- 
ration, increafe the general excitement, communicate addi- 
tional energy to the mufcular fibres, ftrengthen the ftomach, 
and exhilarate the mind. Hence they are often and ad- 
van tageou fly ufed in cafes of debility and low typhoid 
fevers, in which the ufe of wine is indicated ; and in habits 
difpofed to create acidity, they are even preferable to 
wine 5 fome of them, particularly brandy, proving gratefully 
ftomachic, when wine is naufeated and rejefted. As an ar- 
ticle, however, of daily or dietetical ufe, particularly if 
taken in immoderate dofes, or long continued, ardent fpirits, 
befides being the fource of much moral evil, and debating 
the human charafter nearly to a level with that of brutes, 
are apt to occafion difeafe, and are commonly the origin of 
dyfpepfia, hypochondriafis, and hepatic and vifcersu ob- 
ftruftions. The hurtful effefts of ardent fpirits, however, 
are obviated in a confiderable degree by diluting them with 
water, and adding lemon-juice and fugar to the mixture, fo 
as to form what ib generally known by the name of punch. 
Although all the varieties of ardent fpirits may be regarded 
a$ diluted alcohol, yet each has a peculiar operation : thus, 
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brandy is limply cordial and ftomaduc ; rum, heating and 
fudorific ; gin and whifky, diuretic ; and arrack, ftyptic, 
heating and narcotic, and ill adapted to European confti- 
tutions. 

Vinouo fpirits, therefore, in fmall quantity, and properly 
diluted, may be applied to ufeful purpofes in the relieving 
of fome diforders; whilft in larger ones, or imprudently 
continued, they aft as a poifon of a particular kind. The 
moderate ufe of them is mod ferviccable to thofe who are 
expofed to heat and moifturc, to corrupted air, or to other 
caufes of colliquative and putrid difeafes ; and they are the 
mod pernicious in oppofite circumllances, and to thofe who 
are amifted with hyftcrieal and hypochondriacal complaints : 
for whatever temporary relief thofe fpirituous cordials may 
afford in the lownefTes to which hyflerical and hypochon- 
driacal perfons are fubjeft, there are none, as Dr. Pem- 
berton obferves, who feel lo foon the ill effofts arifing from 
the habitual ufe of them. Lewis’s Mat. Med. 

The power of brandy, or any thing of this kind, in kill- 
ing worms, is evident from this, that the children of the 
people in the northern iflands of Scotland, who are accuf- 
tomed from their infancy to drink that coarfe fort of brandy 
which they call aqua vine, never are troubled with 'worms. 
It is a dangerous praftice to ufe brandy in this general man- 
ner, but on fome occafions it may be very ferviccable. 
Philof. Tranf. N° 233. 

Spirits, Laws relating to Foreign and Briti/h. By a 
variety of llatutes, which it would be too tedious here to 
enumerate, duties both permanent and temporary, of the 
culloms and the excife, have been impofed on brandy, rum, 
arquebufadc, geneva, arrack, and fpirits, the amount of 
which is very confiderable in proportion to the original 
price. By 43 Geo. 111. c. 69. (felled. A), and 43 Geo. III. 
c. 81. feveral duties are impofed upon fpirits imported; 
but by 49 Geo. HI. c. 98. feveral duties of cuftoms are 
impofed : the faid duties are payable by the importer, be- 
fore landing. If any perfon fhall land any French brandy, 
before the duty be paid or fecurcd, or without licence from 
the proper officer, and conceal the fame when landed, he 
and his aider /hall not only forfeit the fame, but alfo double 
value ; and if any officer of the culloms or excife fhall con- 
nive at it, he (hall forfeit 500/., and be incapable of holding 
any office in the revenue. (1 Ann. flat. 2. c. 14.) The 
officers of excife may go on board any fhip and fearch, as 
officers of the culloms may do, for any excifeable liquors, 
and feize fuch as fhall be forfeited, and fuch as fhall be un- 
fhipped before entry and payment of the duties, together 
with the calks and other package. (11 Geo. I. c. 3c.) 
Any officer of the excife may fearch for concealed foreign 
fpirits, and feizc, &c. ; and the penalty of obftruftion is a 
forfeiture of 100/. By a general claufc in 8 Geo. I. c. 18. 
all brandy, arrack, rum, fpirits, and ftrong waters, and all 
foreign excifeable liquors, forfeited, together with the calks 
and package, may be feized by any officer of the cultoma or 
excife, or perfons deputed from the lord treafurer, or undcr- 
treafurer, or by fpecial commiflion under the great or privy 
feal, and no other perfon 5 and the penalty of obftruftion is 
40/. If any foreign brandy, arrack, rum, or ftrong waters, 
or fpirits of any Kind, fhall be imported in any veffel of 
100 tons burden, or under, (except for the ufe of feamen, 
not exceeding two gallons each,) iuch veffel, with its tackle, 
and alfo the fpirits, fhall be forfeited (5 Geo. Ill, c. 43.) : 
except rum or other fpirits of the growth and manufacture 
of the Britifli fugar plantations, which may be imported in 
any veffel of not lefs burden than 70 tons. (6 Geo. III. 
c. 46.) If any veffel of 50 tons, or under, partly or fully 
laden with brandy, be at anchor or within two leagues of the 
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ffiore, and not proceeding on her voyage, if wind and 
weather permit, luch veffel may be compelled by the com- 
mander of any man of war, or armed {loop appointed lo 
guard the coaft, or the commander of any veffel in the fer- 
vice of the cuftoms, to come into port ; and the cafe is the 
fame with fhips hovering near thecoafts. (6 Geo. I. c. 21.) 
If any veffel come from foreign pare?, and have on board any 
foreign brandy or fpirits, in calks under fix gallons, (except 
for the ufe of feamen, not exceeding two gallons each,^ fhall 
be found at anchor, &c. as in the former cafe, all fuch 
fpirits, with the cafks and package, or value, fhall be for- 
feited, and the fame may be feized, or value lued for by the 
officers ; and if the vcflcl do not exceed 50 tons in burden, 
the faid veffel, with her tackle and furniture, fhall be for- 
feited : ar.d if any perfon, having charge of the veffel, fhall 
fuffer any brandy tu be put into lighters or boats, in order 
to be landed, he fhall, befides other penalties, fuffer fix 
months’ imprifonment. No brandy fhall be imported in 
any veffel not containing 60 gallons at the leaft, on pain of 
forfeiting the fame, or value. (4 W. c. 5.) And no 
geneva or rum fhall be imported in any vellel or cafk, not 
containing 60 gallons at leaft, (except for the ufe of fea- 
men, not exceeding two gallons each,) on pain of for- 
feiture. (5 Geo. III. c. 43.) If any officer fhall find 
any increafe of rum or fpirits, (except fuch as have been im- 
ported and lodged in a warehoufc, according to law,) above 
the quantity found on the laft furvey, or any dccreafe, (be- 
yond the quantity legally delivered or allowed for leakage,) 
the proprietor or importer fhall forfeit 500/. ; and opening 
the warehoufe, except in the prefence of the warehoufe- 
keeper or excife officer, incurs a forfeiture of 500/. If any 
rum or fpirits remain in the warehoufe above twelve calendar 
months (6 Geo. III. c. 47.), without paying the duty, 
the commiffioners of excife may fell them by auftion, and 
pay the duty and charges, transferring the overplus to the 
proprietor or importer. A permit ffiall be obtained for 
removal of the quantity fold ; nor fhall any liquor, exceed- 
ing one gallon, be carried away without fuch permit, on 
pain of forfeiting the fame, with the cafks and veffels. If 
the liquor be not removed, and the permit not returned, the 
perfon that took it out fhall forfeit treble value. No perfon 
fhall receive a permit, without direction in writing of the 
perfon (or his fervant) from whofe flock the goods are to 
be removed, on pain of 50/. ; and in default of payment, 
three months’ imprifonment. No foreign fpirits, although 
under one gallon, fhall be received into the cuftody of any 
retailer, without a permit, fignifying that the duties were 
paid, or that they had been condemned, on pain of forfeit- 
ing the fame. (8 Geo. I. c. 18.) No feller or dealer fhall 
be allowed to take out more than one permit in one day ; 
provided that feveral permits may be taken out, and cafks 
containing foreign fpirituous liquors fent to the fame perfons 
the fame day, fo that each cafk may be fent under different 
permits, and by different conveyances 5 and provided dealers 
fhall not be prevented from fending with one permit by one 
and the fame conveyance any number of cafks, containing 
60 gallons each, or upwards, of the fame kind. Foreign 
fpirits, not being cafks of 60 gallons, or upwards, fhall not 
be removed, unlefs at the following times ; that is, from 
September 29th to March 25th, yearly, between the hours 
of feven in the morning and five in the evening ; and from 
March 25th to September 29th, between the hours of five 
and feven, (except the fame is carrying by a known com- 
mon ftage-coach, waggon, or other ft age carriage, ufually 
travelling out of thefe hours,) on pain of forfeiture, with or 
without a permit. (23 Geo. III. c. 70.) No foreign 
fpirits more than 60 gallons fhall be brought to London by 
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one permit, or one conveyance, at the fame time, from any 
part of England by land or water, (except by Gravefend, 
in the ordinary courfe of commerce,) on pain of being feized 
and forfeited. (26 Geo. 111 . c. 73.) If any perfon {hull 
counterfeit a permit, or give or receive any falfe permit, or 
alter any granted by the proper officer, he (hall forfeit 500/. 
23 Geo. III. c. 70. 

For the conditions, regulations, and reft rift ions, under 
which rum imported from the Welt Indies may be feenred 
in warehoufes, without payment of duty, fee 43 Geo. III. 
c. 132. 49 Geo. III. c. 87. 46 Geo. 111. c. 137. and 
48 Geo. III. c. 126; and for thofe under which brandy, 
geneva, ami other fpirits, may be fecurcd in warehoufes, 
without payment of duty, (ec 43 Get*, ill. c. 132. 
45 Geo. III. c. 87. 46 Geo. 111 . c. 137. and 48 Geo. 1 LI. 
c. 126. For other laws and regulations, lee Customs, 
Distiller, Excise, Smuggling, and Wine. 

Spirit of Ammonia, in the Materia Medica, is prepared, 
according to the directions of the Loud. Pit., by mixing 
two pints of reftilied lpirit with a pint of folutiou of am- 
monia. The 44 aminoniated alcohol,” formerly /pint of 
ammonia , of the Ed. Ph., coufills of 32 oz. of alcohol (859', 
12 oz. of lime recently burnt, and 8 oz. of muriate of am- 
monia ; and is prepared in the fame manner as water of 
ammonia. (See Ammonia.) The fpirit of ammonia of 
the Dub. Ph, is prepared by mixing three pints of proof- 
fpirit, 40Z. of muriate of ammonia, and 6 oz. of potatoes; 
and dilfilling, with a moderate heat, two pints. This 
lpirit, properly prepared, has the pungent odour and acrid 
talle of ammonia, with which it coincides in its medicinal 
properties. (See Ammoniacal Prrpat atious.) It is 
chiefly ufed for pharmaceutical purpofes The officinal 
preparations are 44 tpiritus ammonia* compofitus,” 44 ipiritus 
ammonia* famulus,” 44 tinftura caitorei compofita,” 44 tinc- 
tura guaiaci compofita, ” and 44 tinftura opii compofita.” 

Spirit if Ammonia , Aromatic , is prepared, according to 
the Fond. Ph., by mixing two pints of fpirit of ammonia 
with oil of lemon and oil of cloves, of each two fluid- 
drachms. The 44 aromatic aminoniated alcohol,” formerly 
tu oma! ; c fpirit of ammonia, of the F.dinb. Ph., is com- 
posed of 80/. of aminoniated alcohol, iy drachm of volatile 
oil of rofrinai y, and a drachm of voluble oil oi lemons, 
whieli are mixed fo as to diflolw the oils. r Plie aromatic 
fpirit of am on it in of the Dub. Ph. is formed by digciting 
two pints of fpirit of ammonia, two dr.uhtns of cflential 

011 of lemons, and halt an ounce of bruihd nutmegs, 111 a 
covered veflel for tlmee days, frequently fliaking the veflel ; 
and then dillilhng a pound and a half. This fpirit is an 
lifeful fliinulaut in languors, anil flatulent colic; and the 
oils render it more grati fill fo the ilom.uh than the limple 
fpirit of ammonia. Tile dole is from f^f to f^j, many 
convenient vehicle. The officinal preparations arc 44 tinc- 
tura guaiaci ammoitiata,” and * 4 tmftura valcriar.c amnio- 
niata.” 

fSpj iu r of Ammonia, Fat’nl, is prepared, according to the 
Lond. aad Dub. Ph., bv macerating two pints of lpirit of 
ammonia, and ?, oz. of afiahriida (i{, 0/. Dub.), for 

12 hours (fir three day 0 , in a covered veflel, with fr“queut 
agitation, Dub.); and then by a gentle fire diftilling a pint 
and a half into a cold receiver. The 44 firtid aminoniated 
alcohol,” formerly frtid fpirit of ammonia, of the Edinb. 
Ph., is prepared by digeltiug 8 oz. of ammoniated alcohol, 
and £07. of aflafirtida, in a clofe veflel for 12 hours and 
then dillillmg 8 oz, by the heat of boiling water. The 
medicinal properties of this fpiiit, and the dofe, arc the 
fame with thofe of the preceding. It acquires colour from 
age. 


Spirit of Ammonia , Succinatcd, of the Lond. Ph., u 
prepared by macerating three drachms of maflich in nine 
fluid-drachms of alcohol, fo that it may be diflolved, and 
pouring off the clear tinfturc ; then adding fourteen minims 
of oil of lavender, four minims of oil of amber, and ten 
fluid-ounces of iolution of ammonia, and mixing them by 
agitation. This fpirit is employed as a flimnlant and anti- 
fpafmodir, in the lame cafes as the oil of amber, and has 
been ufed with fuccela in India againfl the bite of the rattlc- 
Inake. The dole is from ll^x to f^fg, in any convenient 
vehicle. See A murk. 

Spirit of Amfefccd of the Lond. Ph. is formed by ma- 
cerating for 24 hours half a pound of anile-feeds bruifed, a 
gallon of proof-1 pint, and a fufficient quantity of water to 
prevent empyreuma, and diddling by a gentle lire. The 
t (impound fpiiit of amfefeed of the Dub. Ph. is obtained by 
dillillmg one gallon from anile-feeds and angelica feeds 
broiled, of each half a pound, a gallon of proof-lpirit, and 
water fuflicieiit to prevent empyreuma. In flatulent colic, 
and limilar affeftions, thefe arc plcafant carminatives. The 
dole is from fjjfs to 1*3 iv, in water. 

Spirit of Horfcaadijlu Compound, 44 fpintus armoraciie 
compofitu'-,” of the Loud. Ph., is prepared by macerating 
frefli horle -radifli diced and orange-peel dried, of each a 
pound, half an ounce of nutmegs bruiled, a gallon of proof- 
lpirit, and water lufficient to prevent empyreuma, for 
24 hours, and diddling a gallon by a gentle fire. (See 
Cochlea iu ) The 44 compofitus fpirit us raphani,” of 
the Dub. Ph., is formed by dillillmg two gallons from horfe- 
radifli di ied and peel of Seville oranges, of each two pounds, 
four pounds ol frefli garden feurvy-grafs, one ounce of nut- 
megs bruifed, two gallons of proof-lpirit, and water fuffi- 
cient to prevent empyreuma. Thefe fpirit s, which were 
formerly ufed as antifeorbuties, arc now held in little eftima- 
tion in that intention. They are chiefly ufed in drop flee, 
attended with much debility. The dofe is from f ;j to f3iv, 
combined with infulion of fox-glove or juniper-berries. 

Spirit of Camphor of the Lond. Ph. is prepared by 
mixing four ounces of cunphor with two pints of rectified 
fpirit, that the camphor may be difl’olved. The 44 tinfture 
of camphor,” commonly called the 44 camphorated vinous 
fpirit,” is obtained by mixing one ounce of camphor with 
one pound of alcohol (fp. gr. 835b fo that the camphor may 
be diflolved. It may be alio made with double or triple the 
quantity of camphor. This fpirit is too llrong to be given 
internally ; and if water be mixed with it, the camphor is 
feparated. It is an ufeful llimulant and difeutient applica- 
tion to chilblains, and in chrome rheumatifm, paralytic 
numbnefs, and gangrene. See Camphor. 

Spirit of Carr away of the Lond. and Dub. Ph. is ob- 
tained by macerating a pound and a half (half a pound, 
Dub.) of carraway feeds bruiled in a gallon of proof-fpirit, 
and water lufficient to prevent empyreuma, for 24 hours, 
and dilfilling a gallon by a gentle fire. The fpirit of car - 
raw ay of l lie Edinb. Ph. is prepared by macerating half a 
pound of carraway feeds bruifed in nine pounds 01 proof* 
Spirit, for two days in a clofe veflel, adding water enough 
to prevent empyreuma, ami dilfilling nine pounds- This 
fpirit is an ufeful carminative, and an adjunct to griping 
purgatives. See Carom. 

Spirit of Cinnamon of the Lond. and Dub. Ph. is pre*» 
pared by macerating one pound of cinnamon bark bruifed in 
a gallon of proof-fpirit, and water fufliftent to prevent em- 
pyreuirn, for 24 hours, and diitiliing a gallon by a gentle 
fire. The fpirit of cinnamon, 44 fpintus corticis laun cin- 
namons,” of the Edinb. Ph., is prepared with a pound of 
cinnamon bark, in the fame manner as the lpirit of carraway. 
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This fpirit is an agreeable cordial in difeafes attended with 
much languor and debility. The dofe is from f3j to fjiv, 
in any fuitable vehicle. The officinal preparation is “ in- 
fufnm digitalis/' See Cinnamon. 

Spirit, Coal. See Coal. 

Spirit of Sulphuric Ether of the Lond. Ph. is obtained 
by mixing half a pint of fulphuric ether (fee Etiier) with 
a pint of rectified fpirit. The “ fulphuric ether with al- 
cohol/' of the Edinb. Ph., is prepared by mixing one part 
of fulphuric ether with two parts of alcohol. The fpecific 
gravity of this mixture is .816. It may be ufed for the 
lame purpofes as the ether, but it is much lefs a&ive. Tne 
dofe in from f^j to f^iij. An ufeful gargle for flight in- 
flammation of the fauces is prepared by adding f^j of this 
fpirit to fjvi of boiling water, 1 wee t cried with f j iv of fyrup 
of marfli-mallowH. The fulphuric ether, of which this is 
an officinal preparation, is llimulant, narcotic, and anti- 
fpafmodic. I11 its operation it rcfembles alcohol, but is 
more diffufible, and its effedls are lefs permanent. It is 
beneficially employed as a cordial m typhoid and low fevers, 
particularly when naufea, fubfultus tendinum, and other 
fpafmodic fymptoms are prefent. As an antifpafmodic, it 
relieves the paroxyfm of fpafmodic afthma, whether it be 
taken into the flomach, or its vapour only be inhaled into 
the lungs ; in which latter form it is alfo ufeful in Ample 
dyfptioca and in catarrh. It is employed with advantage in 
hytleria, tetanus, cramp of the fiomach, hiccough, aud in 
cholera morbus to check t lie vomiting ; and alfo allays the 
violence of fea-fleknefs. The ufual dofe of fulphuric ether 
is from f^fs to f$ij ; but it has been given in much larger 
dofes with the moit beneficial eile&s ; and in all calcs, the 
dofe muft be repeated at fliort intervals, to produce the full 
effed of the remedy. As an external application, ether ads 
either as a llimulant or a refrigerant, according to the mode 
in which it is applied. The firft takes place when it is pre- 
vented from evaporating, by being confined over the fpot 
to which it is applied ; in which cafe it often proves ufeful 
in relieving head-ache, and other mufcular pains : and from 
its refrigerant died produced by its rapid evaporation, it is 
applied to burns, and to aflift in the reduction of llrangu- 
lated hernia. It has produced, fays Thomfon (Loud. 
Difp.), almofl immediate relief in ear-ache, when dropped 
into the external meatus. 

Spirit of Ether, Aromatic, of the Lond. Ph., is obtained 
by macerating three drachms of cinnamon bark hruifed, a 
drachm and a. half of cardamom feeds powdered, long pep- 
per powdered and ginger-root diced, of each a drachm, in 
a pint of fpirit of fulphuric ether, for 14 days m a flopped 
glafs-bottle, and draining. The ‘‘aromatic fulphuric ether 
with alcohol/' of the Edinb. Ph., is made with the fame 
aromatics, and in the fame manner as the compound tin&urc 
of cinnamon, except that fulphuric ether with alcohol is 
employed inftead of proof- fpirit. The medicinal properties 
«'f thde preparations are the fame with thole of the for: nor ; 
the aromatics rendering them in a flight degree more 
grateful. 

fc>Pi R it, Ethereal , of Frobenius , Spirit us j E therms Ei'obtr.ii, 
a name given by Frobenius, and others, to a liquor famous 
for its extreme volatility, and many other qualities; for 
which fee Sulphuric Ether. 

The ufc of this liquor in medicine is now well known : as 
a very thin and volatile inflammable matter, it acL power- 
fully on tne nervous fy Item. Frederic Hoffman was one of 
the firil who employed it as a fedative and antifpafmodic. 
See Liquor Miner alts Anodynus, and Spirit of Ether , 
infra. 

It is now often preferibed finely, in the dofe of lever, or 


eight drops upon a bit of fugar, which is to be eat, or to 
be diflolved in fome proper liquor, and drank. It is given 
in flatulent colics, obftinate hiccoughs, convulfive hyfterical 
affe&ions, and other diforders of this kind. This ether is 
faid to take fpots of greafe from filk, without affecting their 
colours. 

We have feveral curious obfervations on this ether of Fro- 
benius by Mr. Groffe, who has deferibed three different 
methods of making it in the Memoirs of the Academy of 
Sciences, for the year 1734. 

Spirit of Ether , Compound, of the Lond. Ph., is pre- 
pared by mixing a pint of fpirit of fulphuric ether with two 
fluid-drachma of ethereal oil. (See Sulphuric Ether.) This 
is intended as a fubltitutc for the anodyne liquor of Hoff- 
man (Teethe preceding article); for, beiides being llimulant 
and antifpafmodic, it is fuppofed to polfcfs anodyne pro- 
perties. It is an ufeful addition to tindlureof opium, when 
given for the purpofe of procuring deep ; and it often pre- 
vents the opium from exciting the naufea which it is apt to 
produce in fome habits. The dofe is from f^fs to fjij, in 
any appropriate vehicle. 

Spirit of Juniper, Compound, of the Lond., Dub., and 
Edinb. Ph., is prepared by macerating one pound of juniper- 
berries bruifed, carraway feeds aud fennel feeds bruifed, of 
each an ounce and a half, in a gallop, (nine pounds, Edinb.) 
of proof- fpirit, for 24 hours (two days, Edinb. and Dub.) ; 
and then diitilling a gallon (nine pounds, Edinb.) by a 
gentle heat. This fpirit is a grateful anu ufeful addition to 
infufions of fox-glove, and other diuretics, m dropfy. See 
J uni perils. 

Spirit of Lavender . See Lavandula. 

Spirit of Lib anus. Smoking. See Liquor. 

Spirit of Malt . See Malt -Dijlillery. 

Si ph it of Minder crus. See Acetite of Ammonia, Li- 
quor, and Vinegar. 

Spirit, Moloffls . See Mur Spirit* 

Spirit of Nitre. See Nitric Add, and Nr: rat Po- 
tass.*:. 

Spirit of Nitric Ether of the Lond. Ph. is obtained by 
taking two pints of redlificd fpirit, and three ounces (by 
weight) of nitric acid. Add the acid gradually to the 
fpirit, and mix them, taking care that the temperature, 
during the mixture, does not exceed 120°; then diflil, by 
a gentle heat, 26 fluid-ounces. Spirit of nitrous ether of the 
Edinb. Ph. is prepared by pouring three pounds 1 f alcohol 
into a large phial placed in a veil cl full of cold water, and 
adding one pound of nitrous acid gradually, with frequent 
agitation. Slightly cork the phial, and place it in a cool 
place for feven days; then ditiil the liquor, by the heat of 
boiling water, into a receiver kept coo 1 with fnow or water, 
as long as any fpirit comes over. The nitrous ethereal fpirit 
of the Dub. Ph. is prepared in the following manner : Add 
to the matter which remains after the ddlillation of nitrous 
ether, the rectified fpirit of wine, employed in that opera- 
tion for condcnfing the elallic vapour, and diflil to drynefs, 
with the greater heat of a water-bath. Mix the diitilled 
liquor with the alkaline liquor which remains after the repa- 
ration of the nitrous ether, and alfo add as much dry fub- 
carbonate of kali as (hall be fufficient to faturate the pre- 
dominant acid; which is to be determined by the tell of 
litmus. Laflly, diflil by the medium heat of a water-bath, 
as long as any fluid comes over. The fpecific gravity of 
tins liquor is to that of dillilled water, as S50 to 1000. 
The fpirit of nitric ether, as procured by the London or 
.Edinburgh procef*, has an extremely fragrant odour, and 
a pungent acidulous tafle. It is very volatile and inflam- 
mable, foluble in water and alcohol, and flrikes a deep 
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olive with folution of green fulphate of iron. See Nilmt 

Ether. 

Spirit of nitric ether is refrigerant, diuretic, and anti* 
fpafmodic. It lias been long known and ufed, under the 
title of “ fwcet fpirit of nitre," as a grateful refrigerant, 
and for quenching third in febrile affeftions; for which 
purpofe the dote is from iijxx to ll^xl, given in a cupful of 
water, or any other appropriate vehicle. In larger dofes it 
ads as a gentle ilimulant to the ilomach, relieving naufea 
and flatulence; and alfo determines to the kidnies, in* 
creafing the flow of urine ; on which account it i 9 advan- 
tageoufly preferibed as an auxiliary to other diuretics in 
dropiical complaints. The dulcified fpirit of nitre is added 
by drops to potions and juleps, till it has given them an 
agreeable acidity. 

It is alfo much ufed by our dillillers to give a vinofity to 
thofe fpirits, whofe natural flavour of that kind they have 
deltroyed by the improper ufe of alkaline falts in the rep- 
lications. Nothing can be more proper for this purpofe 
than this fpirit, as it really gives the brandy-flavour, and 
is not at all prejudicial to health, but very well falls in 
with the nature of the fpirit, and promotes its medicinal 
properties as a diuretic, deobftruent, and lithontriptic. 

It has been fuggefted, that the method of making it for 
this purpofe is improveable, by ufing in the preparation a 
fpirit of wine impregnated with fome fine flavoured ingre- 
dient, which has not mucli oil, for acids do not readily mix 
where there is much oil. 

In the preparation of this dulcified fpirit of nitre, the 
longer it Hands in digellion with the fpirit of wine, the 
milder it grows ; and by the fame means alfo, the violently 
corrofive oil of vitriol may be fo blunted, as to be rendered 
fcarcely perceptible to the tafle. In fine, it Ins been laid 
that a fpiritus nitri dulcis may be made, by a (low digellion, 
greatly fuperior to that commonly ufed, and of fo fixed a 
nature, that it will not be fubjeft to have its flavour fly off 
from the fpirit with which it is mixed, any fooncr than the 
native vinolity of brandy will of itfclf fly off from that fpirit, 
as it always will in time. A proper care m the preparation 
of this acid might free the dillillers from that tvoublefome 
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neccflity they are under of adding their fpirit of nitre, jull 
before they fend their goods away, for fear the flavour 
Ihould be loll before the fpirit is wholly ufed, and fo the 
fophiHication be found out. There is no fixing any certain 
proportion in which the acid is to be mixed with the fpirit, 
but in general it is bell not to over-do it ; for though it will 
give an agreeable vinofity to any tolerable clean fpirit, the 
perlon will be much deceived who attempts to drow nhe 
bad flavour of a foul one by it. Shaw's Ellay on Dif- 
tillcry. 

Mr. Woulfe deferibes an apparatus by which nitrous ether 
(in the article under Ether J may be expcditioufly ob- 
tained by diflillation, with the neat only occafioned by mix- 
ing together the nitrous acid and the lpirit of wine. This 
diltillation is performed in a matrafs with a high neck, to 
which is fitted a head with a fpout, communicating with 
the receiver by means of a long tube. The vapours that 
are not condenfed in this receiver, or in a bottle joined to a 
fpout in its bottom, are conveyed from the receiver through 
a bent tube into fpirit of wine contained in a bottle. If any 
vapours pals uncondenfed through this lpirit of wine, they 
are conveyed through another bent tube into more fpirit 
of wine contained in another bottle. The liquor collcdled 
in the bottle annexed to the receiver, being flowly reft i tied 
with flaked lime, furnifhes very fine ether. The fpirit of 
wine in which the vapours were condcnlcd, contains fo much 
ether, that this fluid may be Separated from the fpirit by 
adding water. This ' fpirit of wine is by the operation 
changed into good dulcified fpirit of nitre. Phil. Tranl. 
vol. ivii. art. 59. 

Spirit of Sul Ammoniac. See Ammoniacal Prt * 
paratiom r. 

Spirit of Salt. See Muriatic Aril 

Spirit of Sulphur, or of Vitriol. See Sulphuric Acid. 

Spun r of Turpentine. See Turpentine. 

Spirit of Venus. See Acetic Acid. 

Spirit of Vinegar. See Acetous Acid , and Vinegar. 

Spirit of Vitriol. See Sulphuric Add, and Vitriol. 

Spirit of l Tine . See Alcohol and Wine. 



Spotting 


SPOTTING, Finger, known alfo by the name of 
Brocading, in the Manufacture of fanciful ornamented Cloths , 
is a very beautiful, though rather expenfive, mode of inter- 
weaving flowers, either of the fame or different colours, 
with various kinds of grounds. Of its primary origin we 
are totally unacquainted, as we find it praftifed alike, and 
with little variation of apparent effeft, in the filks of Europe 
and the muflins of India. It is probable that the whole 
range of fanciful cloths, with which we are acquainted, are 
originally Afiatic; and that the knowledge of them has 
gradually reached Europe, at various times, and through 
various channels. In fpots wrought with the fhuttle, tne 
flowers being at intervals, and the woof paffed acrofa the 
whole fabric, what pafles between the flowers, and is not 
interwoven with the fabric, mu it be cut away, when the 
cloth is taken from the loom, and before it undergoes the 
fucceeding proceffes of bleaching and drefling. Some 
fpecimens of brocaded muflins have been occafionally 
brought from India, which are entirely effected by a con- 
tinued and patient exercife of manual labour truly altonifh- 
ing. The low price of labour paid to the natives of that 
country may produce thefe figured muflins, at prices accef- 
fibie to the opulent natives, and to the more wealthy clafles 
of the European fettlers. In this country, even at the molt 
reduced prices, capable of affording to the operative the 


moil penurious and fcanty fubfiftence, they could nut be 
afforded under four or five guineas per yard ; a fum im- 
menfely beyond what could be cxpe&ed for a commodity 
fo flimfy and peri (liable as a muflin drefs. 

In finger-flowers, or brocaded muflins, the* draught 
through the heddles is generally fucccflive from the back to 
the front, as in moft kinds of fanciful weaving. The 
treddles are moved by the feet, as in the common precedes, 
for forming the plain ground or fabric of the work. For 
the flowers or raifed part, thofc leaves which require to be 
raifed are mofl commonly pulled by cords above the weaver’s, 
head, as in the diaper and patent draw-loom; and, like 
them, fecured by a knot upon the cord, being fixed in a 
notch in the board. The weaver then proceeds to pafs the 
fubitance, which is to form the flowers, through the warp ; 
each end being feparated from, and independent of, all the 
others. In this he is generally afiifted by a boy, who fits at 
the loom along with him, and who manages one fide of the 
web, while the weaver is employed on the other. F )m 
this tedious and laborious operation being done entirely by 
the fore-finger, the appellation finger-flower is derived. 
Our limits will not allow of a very lengthened detail, nor 
would it be of any eflential fervice ; for, from the caufes 
already affigned, there is no probability of its ever becoming 
an article of extenfive manufafture in this country. 
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STAFFORDSHIRE is an inland county, fituated 
nearly in the centre of England, between 52 and 54 degrees 
N. latitude, and between one and three degrees W. longitude 
from London. It is in fliape an irregular parallelogram ; 
and 19 bounded on the N. by Chefhire and Derbyfhire, on 
the E. by Leiccfterfhire, on the S. by the counties of War- 
wick and Worcefter, and 011 the W. by Shropfhire. Its 
greateft length from N.N.E. to S.S.W. is about 60 miles, 
and its greateft breadth from E. to W. 38 miles. The fu- 
perficial contents arc about 780,800 acres, of which 100,000 
are palturc, 500,000 arable, and the remaining 180,800, 
woods, waters, waftes, &c. 

Ancient Slate : Hiftorical Events. — This county appertained 
to the Cornavii of the Britons, to the divifion of Flavia 
Caefarieniis of the Romans, and was a part of the king- 
dom of Mercia during the Saxon heptarchy. Bede calls 
the inhabitants Angli-Mcditerranei, the midland Englifh. 
The two Roman military ways, Watling-ftreot and Icknield- 
ftieet, pals through this county. The former enters it out 
of Warwick (hire, near Tam worth, and running weft ward 
paftes into Shropfhire. Tcknield-ftrcet alfo enters from 
Warwickshire at the village of Hanfworth, near Birming- 
ham, erodes Watling-ftrcct, and enters Derby (hire at Monk’s 
bridge. The Roman ftations in this county that arc known, 
are Pennocrucium, near Stretton ; and Ftoectum, at Wall 
near Lichfield. But Salmon gives to StafTordfhirc four 
Roman ftations, which, he fays, are Mediolanum, at 
Knightley; Uriconium, at Wrotteflcy 5 Uxacona, at Wall- 
Lichfield ; and Etocetum, at Barbeacon. The firft of thefe 
ftations Camden pofitively fixes in Montgomery fhire ; and 
bifhop Horfley places it on a flip of land inelofcd by the 
Tern and another river. Salmon afiigns Pennocrucium to 
Oldbury, in Warwickfhirc, and refers to Antoninus’s fccond 
Iter for his authority ; but Plot, Gale, Horfley, and Stuke- 
ley, coincide in opinion that Penkridge is the feite of that 
ftation. The ancient inhabitants of StafTordfhirc, in the 
opinion of Dr. Plot, were the Icem ; but in this he Hands 
unfupported Shaw fays that tribe was undoubtedly of 
Derbyfhire. Camden and Gough will not allow that they 
extended beyond Huntingdon mire, weltward ; while Sal- 
mon confines them to Norfolk and Suffolk. Shaw fuppofes 
that the Ordovices were the original inhabitants of this dif- 
tri&, and it is generally agreed that they poffefled it many 
centuries before the Chriflian era. Thefe were an intrepid 
warlike people, whofe territories comprifed a great portion 
of Wales and feveral counties of England. But they were 
dilturbcd in their poffeflions by the Cornabii, who, breaking 
through the limit9 of their original fettlements on the banks 
of the Dee, conquered a large tract of country to the weft 
and north-weft, and eftabliftied a monarchy, of which Con- 
date was the capital. The Brigantes, in their turn fubdued 


a portion of the territories of this tribe a fliort time previous 
to the arrival of the Romans. On this event the metropolis 
was transferred from Condate to Uriconium, now Wroxeter, 
where it continued a confidcrable time, till the Romans ex- 
tended their conqueft into the interior of the country. 
During the fanguinary contefls which enfued, little is re- 
corded refpe&ing this diltridt and its inhabitants, but that 
they heroically refilled the invaders, and though at length 
compelled to fubmit, their courage and ardor r for freedom 
excited the admiration of their conquerors. The Cornabii, 
after the fubjedlion of their country, appear to have been the 
friends and allies of the Romans. It is remarkable that 
after the decline of the Roman power, the appellation Cor- 
nabii never occurs in the annals of Englifli hillory. When 
the Britons experienced a fccond fubjugation by the Saxons, 
and the heptarchy was eftdblifhcd, StafTordfhirc formed a 
part of the kingdom of Mercia, which extended over all 
the midland counties, and was founded by Crida in the year 
585. During the repeated invafions of the Danes, thi* 
county fuftaiiicd a confiderable part of the calamities coufe- 
quent on their cruelty and rapacity. Several fanguinary 
battles took place within the kingdom of Mercia ; in Staf- 
fordftnre particularly, two victories were obtained over the 
Danto in the reign of Edward the Elder. On the partition 
of England between Edmund Ironfide and Canute, this 
county, as part of Mercia, was awarded to the latter. 
After the Norman conqueft, William divided the cllates of 
the Mercian carls among four of lus principal followers, 
Hugh dc Montgomery, rail of Arundel ; Robert de Staf- 
ford, Henry de Feriars, and William Fitz- Anfculph ; the 
laft of whom held twenty-five manors in this county. The 
other principal landholders b elides the king, were the bifhop 
of Cheflcr, the abbots of Weftminltcr and Burton, the 
church of Rhcims, and the canons of Stafford and Wolver- 
hampton. During the contention between the royal houfes 
of York and Lancafter, a decifive battle was fought at 
Blorchoath, in this county, between the Yorkift 9 under the 
carl of Salifbury, and the Laucaltrians under lord Audley, 
when the latter, with double the force and iuperior por- 
tion, was completely defeated, himlelf flain, and 2400 Che- 
fhire gentlemen, whofe attachment to king Henry led them 
into the van, alfo fell in the action. 

In the civil war of the feventeenth century, Staffordfhire 
was c on ft durably engaged : Stafford furrendered to the par- 
liament’s forces, and Lichfield was feveral times taken and re- 
taken by the contending parties. In this county Charles II. 
lay concealed after the fatal battle of Worcefter, till he had 
an opportunity of efcaping. The circumftances attending 
his concealment, the difficulties he fuflaincd, and the un- 
fhaken loyalty of his friends, are amply detailed by Mr. Shaw 
in his General Hiftory of StafTordfhirc. 
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Eechftdjlical Hi/lory.-~ Staffordfhire did not receive the 
light of the gofpel till the reign of Penda, king of Mercia, 
whofe fon, Peadda, wag converted to Chriftianity by the vene- 
rable Bede. This was foon declared the eftablifhed religion 
of Mercia, and the cathedral of Lichfield was founded, 
where the epifcopal foe of Mercia was fixed in 669 ; but it 
was foon afterwards divided into five feveral dioccfes, and 
Lichfield, Worcclter, Hereford, Leicelter, and Sidnaceflcr, 
chofen for the rcfpeftive fees. In the year 786, at the rc- 
queft of king Offa, pope Adrian advanced Lichfield to the 
dignity of an archbifhopric ; but this diftindtion was con- 
tinued only till the death of Offa, when pope Leo reduced 
it to its former rank. About the year 1067 the epifcopal 
feat was removed to Chefter, and thence foon afterwards to 
Coventry, where it continued till the end of the thirteenth 
century, when Walter dc Langton was appointed bifhop of 
Lichfield and Coventry. From tiiis period nothing remark- 
able occurred in Stafford (hire, conncdled with church hif- 
tory, previous to the reformation, when Lichfield cathedral 
was defpoiled of the rich fhrine of St. Chad, and the fee of 
Coventry leparated from it. The two bifhoprics remained 
diitind till the reftoration, when they were again united in 
the perfon of Dr. John Hacket. Since that time the dioccfe 
has undergone no particular alteration. StafTordfhire, which 
is compriled in this fee, contains 181 parifhes. 

Civil Divijton . — Staffordshire is divided into five hun- 
dreds ; Totmanflow, Pyrehill, Cuddleffone, Offlow, and 
Seifdon : and contains one city, Lichfield, and twenty-three 
other market-towns, viz. Stafford, Wolverhampton, Wal- 
fall, Burton-on-Trent, Uttoxeter, Newcaltle, Leek, Stone, 
Cheadlc, Ecclefliall, Rudgeley, Tamworth, Tutbury, Ab- 
botVBromley, Breewood, Penkridge, Cannock, Wednef- 
bury, Burflcm, Handley-Green, Lane- End, and Longnor. 
Ten members are returned to the imperial parliament from 
this county, viz. two for the ffiire, and two each for Lich- 
field, Stafford, Newcaftlc, and Tamworth. According to 
the population furvey of the year 1811, this county con- 
tained 57,040 houfes, occupied by 295,153 perfons ; of 
whom 34,011 families were chiefly employed in trade and 
manufadhires, and 18,361 in agriculture. 

General jlfpeft, Soil , and Climate. — The appearance of 
the county varies in different diftri&s. The middle and 
fouth portions are generally level : among the few excep- 
tions are the hills of Dudley and Sedgeley, the quartofe 
and ragflonc hills of Rowley, and thole of Clent and Bar- 
beacon. The grounds of Byfhbury and Eflington, and 
fome fituations near Tcttenhall and Enville, as well as on 
Cannock-hcath, are alfo confiderably elevated. The latter 
portion of the county was in ancient times covered with 
oak, but moft of thefe have been dellroyed : indeed fcarcely 
a tree now remains to enliven the profpedt, through an ex- 
tent of 2^00 acres. The northern portion of the county is of 
an oppohte character to that on the fouth. Here the furface 
is moftly bleak and hilly : only a few of the eminences, how- 
ever, rife to any remarkable elevation. The fummit of Bun- 
iter, near 11 am, was found by Mr. Pitt, in the courfe of his 
“ Agricultural Survey to be 1200 feet above the level of 
the Thames. The Weever hills, and fome other points, he 
reports as afeending even 1500 feet. The general elevation 
61 this diftrift above the fouthern is ettimated at from 
one to two hundred yards. That portion of it called the 
moorlands, is the commencement of that range of mountains 
which extend through the centre of England, till they enter 
Scotland, acquiring different appellations in their progrefs, 
and increafmg in altitude as they approach the north. The 
foil is extremely varied. The arable foils may be divided 
generally into the argillaceous, or ItifF and ftrong clayey $ 
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the arenaceous, or loole, light, and Tandy ; the calcareous, 
or lime earth ; and a mixed or compound foil, or loam com- 
pofed of the foregoing, with the addition of Rones and other 
matters. The climate of this county inclines to wet : the* 
annual rains are calculated at upwards of 36 inches, and 
thus exceed by nearly 16 inches the average computation 
of rain in London. A great quantity of fnow falls in the 
moorlands, which doubtlefs is a principal caufe of the 
piercing cold which prevails in that diflriA. 

Rivers . — Staffordfhire abounds with rivers, but none of 
them are navigable, at leaft within the county. The prin- 
cipal are the Trent, the Dove, the Tame, and the Blythe. 
The Trent, which may be coniidered as the third river of 
England, waters, in its courfe to the fea, fome of the 
molt fertile and beff cultivated diffridts of the kingdom. 
During its paffage through Staffordlhire, its banks are 
covered with luxuriant meadows. In the vicinity of Trent- 
ham, the feat of the noble family of Gower, the efforts of 
art have greatly added to the natural beauty of the river, 
by fwelling it into an expanfive lake. Paffing the town of 
Stone, it flows through a valley diveriified with a variety 
of elegant parks ; of which that of Wolfcy, bordering o» 
the chafe of Cannock, is one of the moll remarkable for 
the romantic beauty of its fcencry. Purfuing its courfe, 
the Trent becomes the boundary between the counties of 
Stafford and Derby, till its jundlion with the river Dove ; 
then, eroding Derbyfhire, it runs through the counties of 
Nottingham and Lincoln, and at length pours its waters 
into the Humber. The Dove takes its rife among the hills 
in the moorlands, near the points where the counties of 
Stafford, Derby, and Che (ter meet. From the declivity of 
its channel, its waters flow with uncommon rapidity : in 
fome places it dafhes precipitately over rugged rocks ; in 
others it is diftinguifhed by gentle cafcades. It falls into 
the Trent near Burton, on the confines of Derbyfhire. 
The Tame, another river of confiderable fize, fprings from 
feveral fources in the vicinity of Walfall and Colefliill, enters 
Warwickffiire near Birmingham, returns into Staffordlhire 
at Tamworth, and finally joins the Trent. The Blythe 
rifes in the neighbourhood of Watley moor, in the northern 
diftridt. Its courfe is nearly parallel to the Trent, into 
which it falls near King’s-Bromley. 

Canals . — Although an inland fituation, without navigable 
rivers, appears to labour under peculiar disadvantage for 
the purpolcs of trade ; yet in Staffordfhire the deficiency is 
amply compenfated by the number and extent of the canals, 
with which this county is fo largely fupplied. The prin- 
cipal are the Grand Trunk Canal, the Coventry and Oxford, 
and the Birmingham Canal. Thefe, with their numerous 
branches* and ramifications, have already been particularly 
described. See Can* aj. 

Lakes and Springs — This county affords but few lakes, 
and thole of no jjreat confcquence, Thofe moft worthy 
notice are that ot Aquilatc, which extends 1848 yards in 
length, awl 672 in breadth ; and Ladford Pool, which 
occupies the (pace of about 60 acres. Salt fprings are 
found in various places. The moft confiderable are thofe 
in the parifh of Weflon, whence fait is produced, equal in 
quality and colour to that of any part of the kingdom. 

Minerals . — The number and value of the mineral pro. 
du&iomt of Staffordfhire claim particular notice. Coal is 
abundant : upwards of 50,000 acres have been ascertained 
to contain an inexhauftible fupply, near enough to the fur* 
face to be eafily raifed. From the earlieft times to the pre- 
fent, the confumption does not appear to have exceeded a 
tenth part of the whole. In the fouthern. divifion of the 
county, the coal diltrift extends in length from the interior 
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of Can nock-heath to the vicinity of Stourbridge, and in 
breadth from Wolverhampton to Walfall. To the north, 
like wife, it abounds in the neighbourhood of Newcaftle and 
the Potteries, Lane-End, Hollybrufh, Cheadle, and Dill- 
home. At Handley-Green a very peculiar fpecies is dug, 
called the Peacock coal, from the prifmatic colours it dif- 
plays. Limeilonc is Hill more abundant than coal. At 
Sedgeley and Duclley-caftle hills, Rufhall and Haywood, 
and on the north-call moorlands, the quantity is immenfe. 
The lime-works upon Caldon Low, and near the Wcever 
hills, are particularly exteufive. This Hone is, in fomc 
places, of a marble quality, and capable of taking a fine 
polilh. In other parts it is chiefly compofcd of trclmintho- 
lopi, or per rifled marine fubftances of the animal kind. 
Iron ore is plentiful throughout the coal diltridt. Near 
Wednefbury, Tipton, Billion, and Sedgeley, and to the 
well of Newcaftle, it is peculiarly excellent and abundant. 
The llrata are generally ranged beneath a ftratum of coal. 
Iron-works of great extent have been recently eftablilhed on 
the banks of the Birmingham Canal; and the trade is io 
rapidly increafing, as to afford a profpedt of its precluding 
the ncceffity of any confiderable importation. Copper and 
lead ore alio abound in this county. A copper-mine is 
worked at Mixon, near Leek ; but a more important one 
at Ecton-hill, near Warflow, on th r * ellate of tlie duke of 
Dcvonlhire. This hill has likewifc a confiderable vein of 
lead ; and another of the fame mineral has been found near 
Stanton-moor. In this part of the county, but parti- 
cularly at Whilton, Oakmoor, and Cheadle, (melting and 
brafs-works are carried on to a confiderable extent. Quarries 
of good free-llone for various purpofes are found in the dif- 
ferent diftri&s. A durable kind for building, cafily raifed 
in blocks of any dimetifion, is found at Tixal. Alabafter 
was formerly dug in great quantities, particularly on the 
banks of the Dove ; but though it ftill exifts in plenty, very 
few of the quarries arc now wrought. This county alfo 
yields various kinds of marble: that fpecies, to which the 
name of rancc-marblc is given, abounds on Yelperflcy Tor, 
and the adjacent lulls. Clays of every denomination are 
abundant. Amblccot produces a clay of a dark-blue colour, 
of which arc made the belt glafs-houfe pots of any in Eng- 
land. Glafs-houfcs have, m conlcquencc, been crefted m 
the neighbourhood ; and great quantities of the clay are 
font to different parts of the kingdom. Potters* clay of 
various forts is found here, particularly in the vicinity of 
Newcaftle, where the potteries are chiefly carried on. Yel- 
low and red ochre, and other earths ufed for colouring and 
painting, are among the productions of this county. At 
Darlafton, near Wednefbury, is a blue clay, which is fold 
to glovers to dye afh-colour. A black chalk is found in 
the beds of grey marble in Langley Clofe ; and under a 
rock near Hcmley Hall is a reddifh earth, nearly equal to 
the red chalk of France. 

The farms of Staffordshire are of all extents, from fifty 
acres to live hundred; but the number of the Imaller lias 
been lately much diminifhed. The rent of land varies from 
15J. to 40J. per acre, making the average about 25X. The 
cultivated lands of this county are nearly all iucloied, not 
more than icoo acres ftill remaining open. The fences in 
the fouthern part arc chiefly raifed from quickfcts, among 
which the white thorn is moil approved. 

Timber , Plantations , and Woodlands , — This county, not- 
withflauding the great recent confumption, is abundantly 
flocked with wood of every description. Lord Bagot’s 
eflate, near AbboiVBromley, contains feveral acres of 
oaks, not to be furpufled in quality by any in the kingdom : 
the timber in many of them is to the height of fixty or 
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feventy feet. Chillingworth eflate ranks next to this for 
the value of its woods. Thofe at Beaudefert, the lcat of 
the earl of Uxbridge, and thofe at Llimlcy, the property 
of lord Dudley, are ulf > very extend vc. Teddefley has 
very confiderable plantations. Manfley wood is a coppice 
of fine oak. Wrottefley, FHherwick, Trenthatn park, 
Sandwell park, Enville, and Hilton, difplay abundance of 
well-grown trees of every deicription. 

Wajlc Lands . — The extent of uncultivated lands in this 
county is very great ; being computed by Mr. Pitt to 
amount to an hundred thoufand acres. The chief wafte 
dillrids in the fouthern parts are Cannock-hcath and Sutton- 
Coldfield, with Swindon, Wombourn, and Fradley com- 
mons. In the north arc Morrcdge, Wetley-moor, Stan- 
ton-moor, Hollington-heath, Cardwell-common, and Need- 
wood forell ; which laff, however, has been in part recently 
inclofed and cultivated. 

Manufactures and Commerce . — Various branches of manu» 
failure are carried on to a great extent, particularly in the 
fouthern parts of the county : the chief are hardware arti- 
cle^, nails, glafs, toys, japanned good*, and potters* ware ; 
with productions in cotton, filk, leather, woollen, and 
linen. The manufacture of glafs is mofl confiderable in 
the vicinity of Stourbridge, where many fpacious glafs- 
houfes have been built. The potteries occupy an extent of 
ten miles, toward the north part of the county : thefe have 
acquired great reputation from the ingenious Mr. Wedge- 
wood. (See Potter iks.) Wolverhampton and the neigh- 
bouring villages are diftinguilhed for the manufacture of 
locks : buckles, ftccl-toys, and watch-chains, are among the 
eftecrr.ed productions of that town. The ftaple manufac- 
ture of Walfall and its vicinity is chiefly fhoe-buckles, clafps, 
and fadlcrs* ironmongery. Nail-making, in many country 
parifhes, is a fource of employment to great numbers of men, 
women, and children. Billion fiirnifhes a variety of plated, 
lackered, japanned, and enamelled goods. At Wednefbury 
the gun-trade is exteufive. At Darlafton, Willenhall, and 
the adjacent villages, tobacco and fnulf-boxes are wrought 
in various modes. Stafford and its neighbourhood exhibit 
numerous articles in the cutlery and leather-trade : the hat 
manufacture is alfo carried on there, and in fomc other 
towns, on an exteufive feale. Tin and brafs are among the 
common pi oduCt ion of the county. The cotton manufac- 
tures at Roccller, Fazrley, Tamworth, Burton, and Tut- 
bury, are very confidctuble; as is likcwile the lilk-trade of 
Leek, and that of tape at Cheadle and Teyn. The woollen 
manufacture is but comparatively trifling ; moil of the raw 
wool being 1 old into the clothing and flocking diltriCts. The 
making of linen is moflly confined to private families, for 
their own ufe. 

It is worthy of obfervation, that the original wooden 
almanac of the Norwegians and Danes is ftill in ufe in this 
county, under the appellation of the S’ affordfhire clogg. 
Engravings of this calendar, fomething different from each 
other, may be feen in Dr. Plot*s Natural Hiftory of the 
County, and in Camden’s Britannia, by Gough. The prin- 
cipal antiquities in this county are the cathedral at Lich- 
field ; Tutbury caille and church; Dudley callle and 
priory ; Ecclelhall caftle ; Croxton abbey ; Alton caftle ; 
Wolverhampton church ; bridge and abbey, at Burton-upon- 
Trcnt ; Darlefton caftle ; Tixal manor-houfe ; Hilton 
abbey ; Rowton priory ; Uttoxcter church ; Carcfwell 
caftle ; Cbartley caftle ; Heylcy caftle. 

Authorities . — Hifttpry, &c. of St afford (hire, by the Rev. 
S. Shaw, ,2 vob. folio, 1798, &c. an unfinifhed work. 
General View of t lie Agriculture of the County of Staf- 
ford, by William Pitt, 8vo. 1808. The Natural Hiilory 
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of Staflbrdlhirr, by Dr. I 
County, begun m 1769, a 
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, fol. 1686. A Map of the Gates, fix (beets. Account of Stalfordlhire, in the Beau- 
liiiifhal in 1775, by William ties of Kni'laml, vol. xiii. 
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S TARCH, a fubftance which is extra&ed from wheaten 
flour, by wafhing it in water. All farinaceous feeds, and 
the roots of moft vegetables, afford this fubftance in a greater 
or lefs degree ; but it is moft eafdy obtained from the flour 
of wheat, by moiltening any quantity thereof with a little 
water, and kneading it with the hand into a tough pafle : 
this being waflied with water, by letting fall upon it a very 
llender ftream, the water will be rendered turbid as it runs 
off, in confluence of the fecula or llarch which it extra&s 
from the flour, and which will fubfide when the water is 
allowed to ftand at reft. The refiduum of the flour, which 
remains after the water has extracted all the fecula, and 
runs off colourlefs, will be found to be gluten ; which fee. 

The ftarch fo obtained, when dried in the fun, or by a 
ilove, is ufually concreted into fmall maffes of a long figure 
and columnar fhape, which have a fine white colour, fcarcely 
any fmell, and very little tafte. If kept dry, ftarch in 
this ftate continues a long time uninjured, although expofed 
to the air. It is not foluble in cold water ; but forms a thick 
pafle with boiling-hot water, and when this pafte is allowed 
to cool, it becomes femitranfparent and gelatinous, and 
being dried, becomes brittle, and fomewhat refembles gum. 

Starch, although found in all nutritive grains, is only 
perfect when they have attained maturity, for before this 
it is in a ftate approaching to mucilage, and fo mixed with 
faccharine matter and effential oils, that it cannot be ex- 
tra&ed in fuflicient purity to concrete into maffes. 

Wheat, or fuch parts of it as are not ufed for human food, 
are ufually employed for manufa&uring ftarch, fuch as the 
refufe wheat and bran ; but when the fineft ftarch is required, 
good grain muft be ufed. This, being well cleaned, and fome- 
times coarfely bruifed, is put into wooden veffels full of water 
to ferment : to aflift the fermentation, the veffels are expofed 
to the greateft heat of the fun, and the water is changed twice 
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a day, during eight or twelve days, according to the feafou.. 
When the grain burfts eafily under the linger, and gives out a 
milky white liquor when fqueezed, it is judged to be fuffi- 
ciently foftened and fermented. In this ftate, the grains are 
taken out of the water by a fieve, and put into a canvas fack, 
and the hulks are feparated and rubbed off, by beating and 
rubbing the fack upon a plank : the fack is then put into a 
tub filled with cold water, and trodden or beaten till the 
water becomes milky and turbid, from the ftarch which it 
takes up from the grain. A feum fometimes fwims upon 
the furfacc of the water, which muft be carefully removed ; 
the water is then run off through a line fieve into a fettling* 
veffel, and frefh water is poured upon the grains, two or 
three times, till it will not extra& any more ftarch, or be- 
come coloured by the grain. The water in the fcttling- 
veffels being left at reft, precipitates the ftarch which it 
held fufpended ; and to get rid of the faccharine matter, 
which was alfo diffolved by the water, the veffels are ex- 
pofed to the fun, which foon produces the acetous ferment- 
ation, and takes up fuch matter as renders the ftarch more 
pure and white. During this procefs, the ftarch for fale in 
the (hops receives its colour, which confilts of fmalt mixed 
with water and a fmall quantity of alum, and is thoroughly 
incorporated with the ftarch ; but this ftarch is unfit for 
medicinal purpofes. When the water becomes completely 
four, it is poured gently off from the ftarch, which is waflied 
feveral times afterwards with clean water, and at laft is placed 
to drain upon linen cloths fupported by hurdles, and the 
water drips through, leaving the ftarch upon the cloths, in 
which it is prefied or wrung, to extra& as much as pofiible 
of the water; and the remainder is evaporated, by cutting 
the ftarch into pieces, which are laid up in airy places, upon 
a floor of plafter or of flightly burnt bricks, until it becomes 
completely dried from all moifture, partly by the accefs of 
B warm 
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warm air, and partly by the floor imbibing the moifture. 
In winter-time, the heat of a ftove muft be employed to 
effeft the drying. Laftly, the pieces of dried ftarch are 
feraped, to remove the out fide cruft, which makes inferior 
ftarch, and thefe pieces are broken into fmaller pieces for fale. 

The grain which remains in the fack after the ftarch is 
extracted, contains the hufks and the glutinous part of the 
wheat, which are found very nutritious food for cattle. 

The French manufacturers, according to Lcs Arts et 
Metiers, purfue a more economical method, as they are 
enabled, by employing an acid water for the fermentation 
in the firft inftancc, to ufe the moft inferior wheat, and the 
bran or hufks of wheat. This water they prepare, by put- 
ting a pailful of warm water into a tub, with about two 
pounds of leaven, fuch as fome baker6 ufe to make their 
dough rife or ferment. The water (lands two days, and is 
then ftirred up, and half a pailful of warm water added to 
it ; then being left to fettle till it is clear, it is poured off 
for ufe. To ufe this water in the fermentation of the ma- 
terials, a quantity of it is poured into a tub, and about as 
much fair water is poured upon it as will till the tub half 
full : the remainder of the tub is then filled up with the 
materials, which are one half refufe wheat, and the other 
half bran. In this tub it continues to fteep and ferment 
during ten days, or lefs, according to the ftrength of the 
leaven-water, and according to the difpoiition of the weather 
for fermentation. When the materials have been fufiiciently 
fteeped, or fermented, an unttuous matter, which is the 
oil of the grain, will be feen fwimming on the furfacc, 
having been thrown up by the fermentation. This muft be 
feummed off ; and the fermented grain, being taken out of 
the tub, is put into a fine hair-lieve, placed over a fettling- 
tub, when fair water is poured upon it, and wafhed through 
the fievc into the tub ; by which means the ftarch is carried 
through the fieve with the water, of which about fix times 
the quantity of the grain are ufed. 

The water (lands in the fcttling-tub for a day, and be- 
comes clear at top ; when it is carefully laded out of the tub, 
leaving at the bottom a white fediment, which is the ftarch. 
The water which is taken off is four, and is called Jure 
water : this is the proper leaven for the firft fteeping of the 
materials. The ftarch now obtained muft be rendered 
marketable ; for which purpofe, as much water is poured 
upon it as will enable it to be pounded and broken up with 
a (hovel, and then the tub is filled up with fair water. Two 
days after this, the water is laded out from the tub, and 
the ftarch appears in the bottom, but covered over with a 
dark-coloured and inferior kind of ftarch, which is taken 
oft, and employed for fattening hogs. The remainder of 
the fediment, which is good ftarch, is wafhed feveral times, 
to remove all the inferior ftarch ; and when this is done, 
about four inches of thick ftarch fhould be found at the 
bottom of each tub : but the quantity varies, according to 
the goodnefs of the meal or bran which has been ufed. It 
is evident that the refufe wheat, when employed for making 
ftarch, ought to afford more, the whole being ufed, than 
the bran or hulks ; but the ftarch fo extracted is always of 
an inferior quality to that which is extracted from the bran 
of good wheat, particularly in the whitenefs of its colour. 
The ftarch in the different tubs is brought together into one, 
and there worked up with as much water as will diiiolve 
it into a thin pafte, which isput into a filk fieve, and drained 
through with frefh water. This water is fettled in a tub, and 
afterwards poured off, but before it is fo completely fettled 
as to lofe all its white colour : this renders the ftarch which 
is depofited (till finer and whiter, and the ftarch which is depo- 
rted by the water fo poured off is of a more common quality. 
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The ftarch thus purified is taken out of the bottom of 
the tubs, and put into wicker-bafkets, about 18 inches long 
and 10 deep, rounded at the corners, and lined with linen 
cloths, which are not fattened to the bafkets. The water 
drips from the ftarch through the cloths for a day, and the 
bafkets are then carried up to apartments at the top of the 
lioufe, where the floor is made of very clean white platter ; 
and the windows are thrown open, to admit a current of 
air. Here the bafkets are turned downwards upon the 
plafter-floor, and the linen cloths, not being fattened to 
the bafkets, follow the ftarch, and, when taken off, leave 
loaves, or cakes of ftarch, which are left to dry a little, 
and are then broken into fmaller pieces, and left on 
the plafter-floor till very dry. But if the weather is at all 
humid, the ftarch i9 removed from the plafter-floor, and 
fpread out upon (helves, in an apartment which is warmed 
by a ftove, and there it remains till perfectly dry. The 
pieces are afterwards feraped, to remove the outfide cruft, 
which makes common ftarch ; and the feraped pieces being 
again broken fmall, the ftarch is carried to the ftove, and 
fpread out to a depth of three inches, on hurdles covered 
with cloths. The ftarch muft be turned over every morning 
and evening, to prevent it from turning to a greenifh colour, 
which it would otherwife do. 

Thofe manufacturers who are not provided with a ftove, 
make ufe of the top of a baker's oven to fpread the ftarch 
upon ; and after being thoroughly dried here, it is ready 
for fale. 

Starch may be made from potatoes, by foaking them 
about an hour in water, and taking off their roots and fibres, 
then rubbing them quite clean by a flrong brufh : after this 
they are reduced to a pulp, by grating them in water. 
This pulp is to be collected in a tub, and mixed up with a 
large quantity of clear water: at the fame time, another 
clean tub muft be provided ; and a hair-fieve, not too fine, 
muft be fupported over it by two wooden rails extended 
acrofs the tub. The pulp and water are thrown into the 
fieve, and the flour or ftarch is carried through with the 
water; frefh water muft then be poured on, till it run* 
through quite clear. The refufe pulp which remains in the 
fieve, being boiled in water, makes an excellent food for 
animals ; and the quantity of this pulp is near feven-eighth* 
of all the potatoes employed. 

The liquor which has patted through the fieve is turbid, 
and of a darkifh colour, from the extractive matter which is 
diffolved in it. When it is fuffered to reft for five or fix 
hours, all this matter depofits or fettles to the bottom, and 
the liquor which remains is to be poured off as ufelefs ; and 
a large quantity of frefh water is thrown upon the flour, and 
ftirred up : it is then fettled for a day, and the water being 
poured off, the flour will be found to have again fettled in a 
whiter (late. But to improve it, another quantity of water 
is poured on, and mixed up with it ; in which (late it is 
patted through a fine filk-fieve, to arreil any fmall quantity 
of the pulp which may have efcaped the firft hair-fieve. 
The whole muft afterwards be fuffered to Hand quiet, till 
the flour is entirely fettled, and the water above become 
perfectly clear ; but if the water has any fenfible colour or 
tafte, the flour muft be wafhed again with frefh water, for 
it is abfolutcly neceffary that none of the extractive matter 
be fuffered to remain with it. The flour, when thus ob- 
tained pure, and drained from the water, may be taken out 
of the tub with a wooden (hovel, and placed upon wicker- 
frames covered with paper, to be dried in fome fituation 
properly defended from duft. 

When the manufacture of ftarch from potatoes is at- 
tempted in a large way, fome kind of mill mult be ufed to 

6 reduce 
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reduce them to a pulp, at the grating of them by hand is 
too tedious an operation. A mill invented by M. Baum6 
is very complete for this purpofe. In its general ftru&ure 
it refembles a large coffee-mill : the grater confiits of a cone 
of iron-plate, about feven inches in diameter, and eight inches 
in height, the exterior furface of which is made toothed, like 
a rafp, by piercing holes through the plate from the infide. 
This cone is fixed upon a vertical axle, with a handle at the 
top to turn it by ; and is mounted on the pivots of the axle, 
within a hollow cylinder of plate-iron, toothed witbinfide 
like the outfide of the cone ; the fmalleft end of the interior 
cone being uppermoft, and the lower or larger end being as 
large as the interior diameter of the hollow cylinder. A 
conical hopper is fixed to the hollow cylinder, round the 
top of it, into which the potatoes are thrown ; and falling 
down into the fpace between the outfide of the cone and the 
infide of the hollow cylinder, they are ground, and reduced 
to a pulp, when the interior cone is turned round by its 
handle ; and as the lower part of the cone is fitted clofe to 
the interior diameter of the cylinder, the potatoes mult be 
ground to a fine pulp before they can pafs through between 
the two. The machine, when at work, is placed in a tub 
filled with water ; and as fall as the grinding proceeds, the 
pulp mixes regularly with the water, ready for the procefs 
before deferibed. 

Mr. Whately of Cork has alfo propofed a mill for the 
fame purpofe, on a different plan. The grater is a cylinder, 
with its axis horizontal, and turned by a handle at one end, 
with a fly-wheel to regulate the motion. A hopper is 
placed over the cylinder, into which the potatoes are 
thrown, and are grated by refting upon the cylinder, as it 
revolves round. There is alfo an horizontal box oppofite 
to the cylinder, into which the potatoes are received from 
the hopper, through a Hiding-door ; and a moveable end, 
which is fitted to the box, is prefled forwards towards the 
cylinder by a lever and weight, fo as to force the potatoes 
contained in the box againlt the cylinder, which, being kept 
in conftant motion, grates away the potatoes into a pulp 
with great rapidity, and it falls into a box beneath. 

In the year 1796, lord William Murray obtained a patent 
for manufacturing itarch from horfe-chefnuts. The method 
was to take the horfe-chefnuts out of the outward green 
prickly hufk, and either by hand, with a knife or tool, or 
elfe with a mill adapted for the purpofe, the brown rind 
was carefully removed, leaving the chefnuts perfectly white, 
and without the fmalleft fpeck. In this ftate the nuts 
were rafped or ground to a pulp with water, and the pulp 
wafhed with water through a coarfe horfe-hair fieve, and 
twice afterwards through finer fieves, with a conftant addi- 
tion of clear cold water, till all the ftarch was wafhed clean 
from the pulp which remained in the fieve \ and the water 
being fettled, depofited the ftarch, which was afterwards 
repeatedly wafhed, purified, and dried, in the fame manner 
as the potatoe-ftarch before deferibed. We are not in- 
formed if this manufacture has been carried into effeCt. 

The four, naufeous, milky liquor obtained 111 the procefs 
of ftarch-making, appears, upon analyfis, to contain acetous 
acid, ammonia, alcohol, gluten, and pnofphate of lime. The 
office of the acid is to diflolve the gluten and phofphate of 
lime, and thus to feparate them from the ftarch. 

Starch is ufed along with fmalt, or ftone-blue, to ftiflen 
and clear linen. The powder of it is alfo ufed to whiten 
and powder the hair. 

It is alfo ufed by the dyers, to difpofe their fluffs to take 
colours the better. 

Starch is fometimes ufed inftead of fugar-candy for mix- 
ing with the colours that arc ufed in ftrong gum- water, to 
make them work more freely, and to prevent their cracking. 
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It is alfo ufed medicinally for the fame intentions with the 
yifeous fubftance which the flour of wheat forms with milk, 
in fluxes and catarrhs, under various forms of powders, mix- 
tures, 8c c. A drachm of ftarch, with three ounces of any 
agreeable Ample water, and a little fugar, compofe an ele- 
gant jelly, of which a fpoonful may be taken every hour or 
two. Thefe gelatinous mixtures are likewife an ufeful in- 
jection in fome diarrhoeas, particularly where the lower in- 
teftines have their natural mucus abraaed by the flux, or are 
conftantly irritated by the acrimony of the matter. Starch 
is the common vehicle for the exhibition of opium per anuiti. 

43 Geo. HI. c. 68. fched. (A), upon every hun- 
dred weight of ftarch imported a duty is impofed ; and by 
49 Geo. III. c. 98. fched. (A), a further duty upon every 
hundred weight is impofed. 

No perfon fhall be a maker of ftarch within the limits of 
the head-office of excife in London, unlefs he occupies a 
tenement of 10/. a year, or upwards, for which he {hall be 
afleffed in his own name, and alfo pay to the poor-rates ; 
nor elfewhere, unlefs he pay to the church and poor ; or if 
there are no fuch rates, to the rate on houfes and windows, 
under the fame penalty as for making ftarch without entry. 
(19 Geo. III. c. 40. f. 3. 26 Geo. III. c. 51. f. 20.) 

By 43 Geo. III. c. 69. fched. (A), every ftarcli-maker 
fhall take out a licence, for which he (hall pay 5/., and re- 
new the fame annually within ten days before the end of the 
year, on pain of 30/. 24 Geo. III. c. 41. fed. 2. 

Places of making ftarch are to be entered, under penalty 
of 200/. (24 Geo. III. c. 48. led. 2.) All rooms and 

places, veflels and utenfih, (hall be marked and numbered, 
on the penalty of 50/. (19 Geo. III. c. 40. f. 12.) Flour, 
and other materials, found in any private place, and all pri- 
vate utenfils and veflels for making or keeping ftarch, unen- 
tered, (hall be forfeited, or their value. (10 Ann. c. 26. f. 22.) 
Every ftarch-maker (hall caufe his name to be painted over 
his door, or on fome coufpicuous part of the front of his 
houfe, with the addition of Jlarch-maker , on penally of 100/. 
(24 Geo. III. c. 48. fefl. 2.) Officers may at all timet 
enter and furvey, and make return to the commiflioners, 
leaving a true copy of the quantity, if demanded, under 
his hand, with the maker ; and if he leave not fuch copy, 
after it has been demanded in writing (12 Geo. I. c. 28.), 
he (hall forfeit 40J. (10 Ann. c. z6. f. 14.) Notice of 

emptying the vats, and of taking the waters out of the tubs, 
(hall be given, on pain of forfeiting 100/. (19 Geo. III. 

c. 40.) The maker fhall ufe regular, fquare, or oblong boxes 
only, for boxing and draining lus green ftarch, before it is 
dried in the ftovc, on pain of 10/. ; and give notice of box- 
ing, and an account of drying, &c. Nor (hall he remove 
any ftarch after it is dried, before it be weighed, & c. by the 
officers, on pain of 200/. (4 Geo, II. c. 14. 19 Geo. III. 

c. 40.) All ftarch, before it be put into any (love or place 
to dry (except for crufting), (hall be put in papers, tied 
up with firings, palled over with a piece of paper of a dif- 
ferent colour, and (lamped by the officer, under penalty of 
100/, (26 Geo. III. c. 51. ) Forging or ufing forged 

damps incurs a forfeiture of 500/. (26 Geo. III. c. 51.) 

The maker (hall have juft feales and weights, on pam of 
10/. 5 and if he (hall ufe inefficient feales or weights, he 
(hall forfeit 100/. (10 Geo. III. c. 44.) Removing ftarch 
before due notice is prohibited by 10 Ann. c. 26. f. 19. 
And if it be removed before it is weighed by the officers, 
the perfon fo offending (hall forfeit 200/. (19 Geo. III. 

c. ao.) And if any dealer in ftarch (hall receive more than 
28 lbs. not duly marked, he (hall forfeit 200/. 24 Geo. III. 
c. 48. 10 Ann. c. 26. f. 16. 

Clandeitine manufacture, or concealing of ftarch, expofes 
the party concerned, unlef9 he can make it appear that the 
B 2 duty 
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duty has been paid, to a forfeiture of 50/. : and obftruA- 
incr the officer in entering, feizing, See . the fame, incurs a 
forfeiture of 100/. (4 Geo. II. c. 14. 23 Geo. II. c. 21.) 

And by 19 Geo. III. c. 40. if the maker ffiali conceal any 
ftarch, with intent to defraud his majelty of the duties, he 
ffiali forfeit 100/. Weekly entry fhall be made, on pain of 
50/. ; and the duties fhall be cleared within one week after 
entry, on pain of double duty. No ftarch fhall be im- 
ported. except in packages containing at lead 224 lbs., on 
pain of forfeiture, and of 50/. from the mailer of the veflel. 
(42 Geo III. c. 93.) Starch that hath paid the duties 
may be exported with a drawback of the duties. ( io Ann. 
c. 26. 27 Geo. III. c. 13.) The officers of excife or 

cuftoms may feize any itarch or hair-powder, with the horfe 
and package, fufpc&cd on good reafon to have been privily 
made, or imported without payment of duty, or relanded 
after drawback ; and if the party doth not make it appear 
that the duty hath been paid, they ffiali all be forfeited, with 
an additional forfeiture of 5/. tor every hundred weight. 
(4 Geo. II. c. 14.) If any perfon fhall knowingly harbour 
or conceal any ftarch unlawfully imported, or relanded 
after ffiipping for exportation upon debenture, he ffiali, 
whether he claim any property in it or not, forfeit 50/. for 
every hundred weight, together with the goods and package. 
(23 Geo. II. c. 21.) No perfumer, &c. ffiali make ufc of, 
or ofFer to fale, any hair-powder made of or mixed with ala- 
balter, talc, plafter of Paris, whiting, lime, &c. (fweet 
feents only excepted), on pain of forfeiting the lame, and 
50/. (12 Ann. Itat. 2. c. 9.) And if any maker of hair, 

powder ffiali mix any powder of alabafler, &c. ( rice firft made 
into Itarch, and fweet feents only excepted), he ffiali forfeit 
the fame, and5o/. (12 Ann. flat. 2. c.9.1 Or if any one make 
or fell any made with fuch materials, he ffiali forfeit the fame, 
and 20/. (4 Geo. II. c. 14.) Or if he ffiali have in his poL 

feflion, for making, mixing, or counterfeiting hair-powder, 
any materials befides ftarch, or powder of ftarch, or rice 
made into ftarch, he ffiali forfeit the fame, and 10 /. Places 
for making hair-powder arc to be entered, and officers may 
enter and furvey them, under a penalty of 20/. 4 Geo. II. 

c. 14. 

Every maker of ftonc-blue for falc ffiali make entry of 
his name, place of abode, place of manufacture and keeping, 
and materials, on pain of 50/. (26 Geo. TII. c. f 1.) Officers 
may enter and furvey without obftrudtion, under penalty of 
50/.: nor ffiali any flour, meal, or other ingredients (other 
than for colouring the fame), be ufed, except Itarch for 
which the duties have been paid, on pain of forfeiting the 
fame and 100A 

Nor ffiali any maker of (tune-blue or hair-powder for fale 
receive into his poffeffion any ftarch in papers not (lamped, 
under pain of forfeiting ioj. a pound, together with the 
lame : and if any maker ffiali keep above 28 lbs. of ftarch or 
hair-powder in any unentered place, the fame ffiali be for- 
feited and alfo 50/. 26 Geo. III. c. 51. 

All the preceding forfeitures (half be filed for, levied, 
aud mitigated, as by the laws of excife, or in the courts at 
Weftminfter ; and be diftributed, half to the king and half 
to the profecutor. 

STARCHY Matter of Roots , Plants , and Seeds, in Rural 
Economy , is a material which forms a principal part of a 
great number of efculcnt articles of different kinds, upon 
which their nutrient properties and qualities probably in a 
great meafure depend when ufed as the food of man, or em- 
ployed in the feeding and fattening of feveral different kinds 
of domeftic animals. See Stahch. 

Thus, it is afeertained to exift in confiderable quantities 
in the root of the potatoe and fome other roots, in many 
different plants of the edible kind, and to constitute the 
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greateft part of mod grains, pulfe, and feeds which are em- 
ployed as food. It is met with in a large proportion in the 
different nouriffiing vegetable fubitances which are known 
and made ufe of under the names of fago, falep, arrow-root, 
tapioca, caffava, and fome others. I n regard to the roots, 
plants, and perhaps feeds, derived from weeds, it is known to 
abound rfmch in the root of arum maculatum , or wake robin, 
of the wild or Englifh hyacinth, of white bryony, of meadow 
faffron, and of a variety of others. It is very predominant 
in numerous wild plants, and molt probably in molt of their 
feed?. 

Sir Humphrey Davy conceives, that this matter or coagu- 
lated mucilage, which forms the greateft part of all grains 
and feeds wtiich are ufed in the way of food, is generally 
combined with gluten, oil, or albuminous matter. In corn, 
with gluten ; in pulfe, fuch as peas and beans, with albu- 
minous matter ; and in rape- feed, lint-feed, hemp-feed, and 
the kernels of mod nuts, with oils. He found that one 
hundred parts of good full-grained wheat fown in the au- 
tumn, afforded feventy parts of (larch and nineteen parts 
of gluten : that one hundred parts of wheat fown in the 
fpring yielded feventy of ftarch and twenty-four of gluten : 
that the fame number of parts of Barbary wheat gave 
feventy-four of ftarch and twenty-eight of gluten : and that 
an equal number of parts of Sicilian wheat afforded feventy- 
fivc of ftarch and twenty-one of gluten. He has alfo tried 
different fpecimcrr. of North American wheat, all of which 
have contained rather more gluten than thofe of Britifti 
growth. In general, it is faid, the wheat of warm climates 
abounds more in gluten and infoluble parts ; and is of 
greater fpecific gravity, harder, and more difiicult to grind, 
than that of others : and that the wheat of the fouth of Eu- 
rope, in confequence of containing a larger proportion of 
gluten, is peculiarly fitted for making macaroni, and pre- 
parations of flour in which a glutinous quality is confidered 
as an excellence. 

In fome trials made on barley, he obtained, from one hun- 
dred parts of a full, fair, Norfolk fort, feventy-nine of 
ftarch, fix of gluten, and eight of hulk ; the remaining 
feven parts confiding of fweet or faccharinc matter. The 
fugar in barley is fuggeited as probably the chief caufe why 
it is more proper for malting than any of the other forts of 
grain. It is ftated that Einhoff, in his minute trials on 
barley-meal, found in three thoufand eight hundred and forty 
parts, three hundred and fixty of volatile matter, forty-four 
of albumen, two hundred of faccharine mutter, one hundred 
and feventy of mucilage, nine of phofphate of lime, with 
fome albumen, one hundred aud thirty-five of gluten, two 
hundred and fixty of hulk, with fome gluten and ftarch, 
two thoufand five hundred and eighty of ftarch not quite 
free from gluten, and feventy-eight parts of lofs in the 
whole. And that rye afforded to the fame experimenter, 
in the fame number of parts, two thoufand five hundred 
and twenty of meal, nine hundred and thirty of hufk, and 
three hundred and ninety of moilture : the fame quantity of 
meal, on being analyfed, gave two thoufand three hundied 
and forty-five of ftarch, one hundred and twenty -fix of al- 
bumen, four hundred and twenty-fix of mucilage, one hun- 
dred and twenty-fix of faccharine matter, and three hundred 
and fixty-four of gluten not dried. The remainder hulk 
and lofs. 

The fir ft of thefe writers obtained from one thoufand 
parts of rye, which was grown in Suffolk, fixty-one parts of 
itarch and five of gluten. 

One hundred parts of oats, from Suffex, afforded him 
fifty-nine parts of ftarch, fix of gluten, and two of faccha- 
rine matter. 

One thoufand parts of peas, grown in Norfolk, alfo af- 
forded 
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ford: d him five hundred and one parts of ftarch, twenty-two 
of ficcharine matter, thirty-five of albuminous matter, and 
fixtecn parte of extraft, which became infoluble during the 
evaporation of the faccharine fluid. 

From three thoufand eight hundred and forty parts of 
marfti beans, ( viciafaba ,) the latter writer is Hated to have 
obtained one thoufand three hundred and twelve of ftarch, 
thirty-one of albumen, and one thoufand two hundred and 
four of other matters which may be conceived to be nutritive; 
fuch as gummy, ltarchy, fibrous matter, analogous to animal 
matter. 

The fame quantity of kidney-beans ( phafeolus vulgaris) is 
faid to have afforded lum, one thoufand eight hundred and 
five parts of matter analogous to ftarch, eight hundred and 
fifty-one of albumen and matter, approaching to animal 
matter in its nature, and feven hundred and ninety-nine of 
mucilage. 

From the fame number of parts of lentils he is alfo dated 
to have obtained one thoufand two hundred and fixty parts 
of ftarch, and one thoufand four hundred and thirty-three 
of a matter analogous to animal matter, which is deicribed 
as a glutinous fubllancc infoluble in water ; but foluble in 
alcohol when dry, having the appearance of glue; probably, 
it is fuppofed, a peculiar modification of gluten. 

Different tuberous, bulbous, and common roots contain 
a large portion of ltarchy matter, but it probably abounds 
molt in the potatoc. It is faid that thefe roots in general 
afford from one-fifth to one-feventh of their weight of dry 
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ftarch. And that from one hundred parts of the common 
kidney potatoe Dr. Pearfon obtained from twenty to twenty- 
three of ftarch and mucilage : the fame number of parts of 
the apple potatoe afforded fir Humphrey Davy in various 
trials, from eighteen to twenty parts of pure ftarch. From 
five pounds of feveral other different varieties, in the trials 
of another experimenter, from twelve to eight ounces and 
a quarter of ftarch have been obtained. It is added, that 
from the analy lis of Kinhoff, it appears that feven thoufand 
fix hundred and eighty parts of potatoes afford one thoufand 
one hundred and fifty-three of ftarch, five hundred and forty 
of fibrous matter analogous to ftarch, one hundred and feven 
of albumen, three hundred and twelve of mucilage in the 
ftate of a fat united folution : in the whole, two thoufand 
one hundred and twelve parts. So that a fourth part of 
the weight of the potatoe at lcaft may, it is faid, be con- 
fidered as nutritive matter. Hence its very great utility ad 
an article of food for man, and its great application in the 
feeding and fattening of animals. 

The propriety of encouraging the produftion of ftarch 
from ufelefs roots, plants, and prod ufts, has been fome time 
fince fnggefted by Mr. Pitt in his Account of the Agricul- 
ture of Staffordfhire, and which is faid to equally apply to 
the preparation of this fubltance from any other vegetable 
which may not be a leading article of food, as well as to 
the produflion of hair-powder, paftc, and other articles 
generally made from wheat. 
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STEAM, in a general fcnfe, is a term ufed to fignify 
the vifible cloudinefs arifing from the condenfation of 
aqueous vapour. 

In thofe arts and manufaftures where the vapour of water 
is employed, fuch as ftcam-engines, the term fleam is ufed 
for water in its claftic form, at or above the temperature 
of 212°, and when it is invifible. It is in this form that 
wc can properly call it fleam ; as we fliall (hew, that in the 
vifible mifty form in which we fee it in the atmofphere, both 
in the form of clouds, and as it paffes from a warm medium 
into a colder one, it is not fleam but water in minute glo- 
bules. 

Some have confined the word fleam to the vapour of wa- 
ter not lefs than 212°, as if water did not aflume the elaftic 
form at a lower temperature ; conceiving it to exert the full 
force of (team the moment it ai rives at that point, and to 
be wholly converted into water when reduced below the 
fame. Nothing, however, can be more abfurd than this 
notion : fleam can eccift at the loweft known temperature. 
At 50° below the cypher of Fahrenheit, if the barometer 
could fhew it, thq prefence of ice would afford an elaflic 
fluid of fome force. Wc want no other proof of this faft 
than the experiments of different philofophers to afeertain 
the force of aqueous vapour, anfwering to different tem- 
peratures ; and before we proceed further on our fubjeft, 
it may not be amifs to give the table of thefe fafts, formed 
by Mr. John Dalton of Manchefter. In order to make 
thefe experiments, Mr. Dalton took a barometer of the 
common fize. The mercury was firft boiled, to free it 
from air. He then put a little water into the tube, and 
poured it out again, leaving its fides wet ; and next intro- 
duced the mercury, inverting the tube fo as to exclude the 
air. The water,- being the lighted fluid, rofe above the 
furface of the mercury about one-eighth of an inch. He 
then furrounded the tube, from the top downwards, with 


another tube, 14 inches long and 2 inches diameter ; form- 
ing a cavity between the tubes, capable of holding water of 
different temperatures. The temperature of this water was 
conilantly marked by a thermometer placed in it 5 and the 
elaftieity of the vapour, in the upper part of the barometer, 
was conttantly marked by the height of the mercury. The 
outer tube being of glafs, the whole could be fecn. This 
apparatus was ufed for all the temperatures below 155 0 . 
For the higher temperatures, as high as 212°, he ufed an 
outer tube of tin, with a fiphon barometer. 

Thefe reful ts he found to agree with fimilar experiments 
made with the air-pump. The air-pump was provided with 
a mercurial gage of confiderable extent. Some water was 
firft made to boil in a Florence flalk, in which a thermometer 
wa9 placed. In this date it was put under the receiver, 
and then the air being withdrawn, the lteam alone affefted 
the barometer ; the thermometer, at the fame time, marking 
the temperature. 

From thefe fafts Mr. Dalton conflrufted his table. The 
altitudes of the mercury, anfwering to the degrees of tem- 
perature, he found not to have a conftant ratio ; nor did 
they vary by any regular progreflion. When the degrcei 
were in arithmetical progreflion, the columns of mercury 
anfwering thereto were not in the fame, but fomething ap- 
proaching to a geometrical feriea. The increafe, although 
not ftriftly geometrical, of the ratios themfelves diminifhed 
regularly, which enabled him to calculate with fufficient 
exaftnefs thofe degrees which he could not afeertain by 
experiment. We feldom find any of nature’s laws attended 
with any thing fo indefinite ; and Mr. Dalton very pro- 
perly obferves, that the defeft is not in nature, but in the 
imperfeft fcale of our thermometers, which, M. de. Luc 
and others have (hewn, do not mark equal increments of 
heat. 
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TAM* of the Force of Vapour from Water in every Temperature, from that of the Congelation of Mercury, 

below Zero of Fahrenheit, to 325 0 . 7 
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Tempera- 

ture, 

Force of Vapour 
in Indies of 
Mercury. 

Weight of Vapour 
in a Cubic Foot 
of Space. 

Tempera- 

ture. 

Force of Vapour 
in Inches of 
Mercury. 

Weight of Vapour 
in a Cubic Foot 
of Space. 

Tempera- 

ture. 

Force of Vapour 
in Inchas of 
Mercury, 

Weight of Vapour 
in a Cubic Foot 
of Space. 
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36.88 
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87.63 
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316.50 
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38.20 
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89.87 
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104.45 
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38.89 
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9 ° 99 

767-34 
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39*59 
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776.97 

1 73 

13.02 
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112.32 

229 

41.02 

345-93 
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* 3 ° 
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352.09 
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42.49 

358.33 

287 

96.64 
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14.22 
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232 
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824.78 

178 

14.52 

122.45 

233 

44.00 
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289 

98.96 

834.56 

179 

14.83 

126.06 

*34 

44.78 

377-64 

290 

100.12 

844-34 

180 

15.15 

I27.76 

*37 

45.58 

384-39 

29I 

101.28 

854.12 

181 

15.50 

130.71 

236 

46.39 

391.22 

292 

102.45 

863.99 

182 

15.86 

133*75 

237 

47.20 

398.05 

293 

103.63 

873.94 

*83 

16.23 

136.87 

238 

48.02 

404.96 

294 

104.80 

883.81 

184 

16.61 

141.41 

2.39 

48.84 

411.88 

*93 

105.97 

893.68 

185 

17.00 

*43-36 

24O 

49.67 

418.88 

296 

107.14 

903.54 
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17.40 

145.17 

241 

50.5° 

425.18 

*97 

108.31 
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187 

17.80 

148.51 

242 
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432.96 
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18.20 

*73-48 
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: 440.05 

*99 

IIO.64 
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18.60 

156.86 
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19.00 
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53.88 
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952.79 
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19.42 
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461.13 
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114.15 

962.99 
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19.86 
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468.35 
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171.36 
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76.4a 

476.26 
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195 

21.22 
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2£0 

58.21 
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59.12 
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1 186.57 




STEAM 


53 


In anfwer to fome references wliicli may be* required, wc 
have thought proper to add a third column to thin table, 
(hewing the weight of aqueous vapour contained in a cubic 
foot of fpacc, when a fuffieient quantity of water is prclcnt 
at the given temperature. This column has been formed 
on the fad, that when the force of vapour is 30 inches, the 
aqueous vapour in a cubic foot of fpacc is equal to 253 
grains. And fince the deufity nniit be a* the prefl'ure ; 
therefore, as 30 inches is to 25*3 grain ?. In is the force of 
vapour of any other degree to the number of grains in the 
cubic foot at the fame. 

This table, from 30° to 21 2°, was the rcfult of careful 
experiment. Thofe below and above were determined by 
calculation, and will doubtlefs be much more correct than 
by experiment, from the great difficulty and unccitainty 
which the high and low temperatures would occaliou. For 
a more detailed account of Mr. Dalton’s experiments, fee 
the Manchcfior Tranfadions, vol. v., and Niclmlion’s 
Journal, vo»s. vi. and vii. 

Thefe will be found a valuable reference in all practical 
applications of (team, and will not be of lets importance in 
affiiling any inquiry into the proeefs of evaporation, as ron- 
neded with the arts of life, and the natural evaporation in 
the air. Willi a view to affitt our conception ol the nature 
of fleam, or of the elailic vapour of water, we Hull condenfc 
a number of fads, which may be very proper to commit 
to memory. 

1. A cubic inch of water forms a cubic foot of fleam, 
when its elallieity is equal to 30 inches of mercury. 

2. O ne pound of Newcaflle coal converts feven pounds 
of boiling water into fleam. 

3. The time required to convert a given quantity of boil- 
ing water into llcain, is lix times that required to raife it 
from the freezing to the boiling point, or from 32° to 2 12°, 
fuppofing the* fupply of heat to he uniform. 

4. When a quantity of water is expolcd to a given tem- 
perature, the quantity of fleam formed in a given tunc will 
be as the furface, all other things being equal. 'Flic quan- 
tity will alfo be jointly as the force of vapour anfwcring to 
each degree of heat, and the furface. 

The depth of water evaporated, in a given time, will be 
as the force of vapour, whatever the furface, if the trials be 
uniformly of the fame temperature. 

When the force of vapour is 30 inches, and the tem- 
perature at 212 0 , this degree being jufl preferved only, the 
depth evaporated is 1.3 inch in one hour. This will be 
near the truth for this temperature. For lower tempera- 
tures, the rule 1 * giv< 1 with the table will point it out. 

5. When a quantity of water is railed to the boiling 
point, or 21 2°, it leqmrcs as much heat to give it the elailic 
form as would rai'e the fame water qoo° higher. If its vo- 
lume were not changed by the heat, that is, if it could be 
prevented from expanding, its temperature would become 
1112°, with the fame quantity of caloric. Thus, agreeably 
to fad the 3d, the h.ut required to convert water of 21 2° 
into (team, is fix time:, that required to raile the temperature 
from 32° to 2 2°. 

6. The fame weight of water, in the form of fleam, con- 
tains the lame quantity of heat, whatever may be its tem- 
perature or dculity ; that is, the temperature at which the 
(team is form' d, add' d to the degrees required to give it 
the elailic form, i» always a conllaut quantity. The mean- 
ing of this is, that if a given weight of aqueous vapour, at 
i.0o° for inflance, were coin profil'd till its clalticity became 
equal to that at 21 2°, no heat b**ing allowed to efcapr*, its 
temperature would become 2 1 2 0 by the condenfatiou ; and 


it would, of courfe, contain the fame heat as (learn formed 
at the fame temperature, viz . 212 -f 000, as mentioned in 
the lull faft. 

In viewing the fecond column of the table, and com- 
paring it with the temperature in the lirfl column, we 
(hall he far from concluding that all the fleam in the cylinder 
of a fleam-engine iscondenfed by the bell means employed. 
Owing to the circumftance of the rapid dccreafe of the 
force of vapour from the boiling point, fome have been led 
to imagine that there is no medium between fleam at 212 0 
and liquid water. By referring to the table, we (hall fee 
that, by a dccreafe of temperature from 212° to iSo°, the 
column of 30 inches is reduced to 15. This column is 
again bifc&cd or reduced to 7.5, by the temperature falling 
to 150°. 7. At 124°.5, the Hearn exerts u force equal to 
3.75 inches of mercury ; and this will be reduced to 1.K75, 
at the temperature of 100' ’.5. 

We here fee the importance of Mr. W itt’s difeovery of 
condeufiug his ileum in a feparate veUel. The Iprmg of the 
rcfiduul vapour in his cylinder, after condeufation, is only 
equal to the force of vapour anfweriug to the temperature 
of his condenfer, while the cylinder itfclf is kept at 21 2° 
nearly. 

In the old method of condenling in the cylinder, fo 
much cold water would be added as would reduce the 
temperature as low as Mr. Watt’s condenfer, in order to 
produce as perfect a vacuum ; and 011 filling the cylinder 
again the next time, it would require to lx* railed to its ori- 
ginal heat, at the ex pence of frefh Hearn. The effed of 
cold water in condenling ttcam, whether in the cylinder or 
a feparate veiled, may lie eafily known by calculation, and 
the aid of the preceding table. 

Let C — the capacity of the veifi 1 containing fleam in 
cubic fci t. 

S :r- the weight of a cubic foot of Hearn. 
q the weight of coiuh'ii Img water. 

T its temperature. 

b — the degree > of in at to convert water into fleam. 
d -c the temperature of the llcain. 
t — the refulting temperature, fuppofing h and J 
to be fenlible Ik at before the experiment, 
and / the fame afterwards. 
n — capacity of (team for heat, water being 1. 

Then, according to a theorem for finding the refulting 
tempera* me by mixing bodies of different temperatures to- 


gether, 


q T + {b + J)QSn 
q -h C 8 n 5 


/, in this, will come 


out as if the fleam in the veflei, after mixture, were con- 
den fed into water; when, in fad, the heat is divided be- 
tween the remaining dram and the wpter, one part giving 
the whole a common temperature, and the other in a latent 
form giving elallicity to the vapour. But, according to 
fad the 6th, as before given, tin > fleam contains as much 
heat above its own temperature as would raife it 10 1 1 1 2° : 
hence the icul temperature added to the latent heat will be 
equal /. 

The conciufion from thefe fads will be, that --j"— will 


be nearly in the fame ratio with the deufity of the Hearn, 
before and after condeufation, and, therefore, as the rc- 
fpedive force of vapour. If p he the force of vapour of 
the fleam before the experiment, and f that after con- 

/■ <td / 4V 


1 r • 1 A 4 d 

dentation $ then - — 


If we 


now 
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now refer to the table with this force o i vapour, we (hall 
find the temperature after condenfation. To illuflrate this 
theorem by an example, 

Let C I cubic foot. 

S — 25 3 grains, the weight of a cubic foot of fleam* 
q = 253 grains of water. 

T = 60. 

h rr 900. 
d “ 2 12. 


q T -f ( h -1- <!) SC n 
q -J- CSs 


253 X 60 -f (900° 4 2?2°) X 253 X 9 


Then 


h 4 d 


2 53 + 2 S 3 x .9 


= 558. 


p 

/’ 


m2 10 . . 

or - = - f = 15 inches 


558 


of mercury. Now, the temperature anfwering to this force 
of vapour, in the table, is equal to I77°*5. The quantity 
of iteam of this denfity will be as p to J'\ therefore, as 
30 : 15 :: 253 : 126.5 grains: fence the whole weight, 
which was 558 — 126.5, =. 431.3 grains, the weight of 
water. Hence, if the capacity of the fteam-veffel be 
known, and the degree of condenfation at the fame time be 
given, the fupply of cold water for that purpofe may be 

afeertained. This will be n = ^ 77 J c S «. 

1 t — T 


We have before hinted at the vulgar idea of there being 
no medium between fleam at 2i2° and liquid water. A 
do&rine ftrongly favourable to fucli an opinion is at prefent 
held by fevcral philofoplu-rs of eminence. The elaftic form 
of water, at all temperatures below 21 2°, is fuppofed to t^e 
a folution of water in air. Docs any thing like this appear 
to be the cafe in the detail of Mr. Dalton’s experiments, to 
determine the force of vapour of fleam at different tem- 
peratures ? We would afk, where was the air to diffolve 
the water above the column of mercury, in which water 
and mercury alone exifled ? It is admitted on all hands, 
that fleam at 21 2° can exill independent of air; and where 
have we become acquainted with any rule, that aqueous 
vapour cannot exill in a feparate date at other tempera- 
tures? This is certainly the cafe with refpeft to water ; 
and it is highly probable, that a portion of all the folid 
and liquid matter on the globe cxifts in the clallic form, in 
proportion to the temperature. What is the fmell we per- 
ceive from melted metals, and at a much lower temperature 
with fume of the metals? This is very confpieuoufly ob- 
ferved in heating copper-plates and fheet-lcad. The odour 
of caft-iron is particularly flriking. 

There can be no do^bt that elailic mercury exifts in the 
fpace above the mercury in a barometer, fince the con- 
denfed mercury is feen frequently to coat the interior fur- 
face. 


Thcfe appearances would be oftener obferved, if it were 
not for the difficulty with which evaporation takes place, 
from the body affording the vapour being furrounded witf 
vapour of its own and others. The prefence of any elaitic 
fluid mechanically refifts further evaporation, to a degre< 
more than is conceived. If water be expofed to a vacuum, x 
quantity of vapour depending upon the temperature woulc 
in a little time occupy the fpacc ; the firft portion would pro 
je& itfelf with great rapidity, and the laft very {lowly. Th< 
temperature being railed, would caufe fucceffive portions tc 
rife, the limit being what we have (hewn in the table* I 
Vol* XXXIV. 
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at any temperature the vapour, already fufpended over the 
water, be removed by a current or by an air-pump, the 
procefs would be greatly facilitated, as we obferve in the 
drying of the ground in a brifk wind. This fhews that the 
vapour of water refills evaporation more than the air itfelf ; 
perhaps in the fame medium, its retarding power increafes 
as the dctifky. The advocates for the folution of water in 
air have faid, that the capacity of air for moifiurc is in- 
verfely as the denfity, whether this difference of denfity 
ariles from the nature of the gas, or from rarefaction. It 
ought very properly to be afked, at what degree of 
rarefa&ion is the difloived water a maximum ? The mofl 
probable anfwer would be, at the limit of rarefadtion. This 
is contrary to all laws of foliition. If air can chemically 
combine with water, every particle of air may combine witn 
a particle of water ; and the quantity of water in a given 
fpace would be the greatefl, when the air was the denfeft. 
If we had no diredl proof that a given fpace will contain 
the fame quantity of water, whether air be prefent or not, 
the hypothefis of the chemical folution of water in air could 
not be defended. 

We have fecn that the quantity of water in a given fpace 
is as the force of vapour in inches of mercury, becaufe the 
denfity mull be as the prefl’urc. Mr. Dalton has afeer- 
tained by experiment, that the rate of evaporation, at a 
given temperature, id as the force of vapour at the fame. 
See Nicholfon’s Journal, vol. vii. p. 5. 

This fad leads to the couclufion, that fince the denfity it 
alfo as the force of vapour, the velocity of difperfion 
through the air is the fame at all temperatures. Since, 
however, the atmofphere always contains fomc moillure, the 
neat evaporating power will be as the difference between 
that force of vapour anfwering to the temperature at which 
dew would begin to fall, and the temperature to which the 
evaporating fubllance is expofed. That point in the at- 
mofphere when dew falls, is called by Mr. Dalton the 
dew-point. The manner of finding this is as follows : Take 
a tall cylindrical bottle, about one foot high and three 
inches in diameter ; or, if this is not at hand, a common 
decanter. Fill it with water fo much colder than the air, 
that the bottle may appear milty, when it is put into it. 
If no appearance of this mill is obferved, the water is not 
cold enough ; and ice, or fome freezing mixture, mud be 
added to it. The bottle, when filled, mult contain a ther- 
mometer. When the dew appears upon it, wipe it off with 
a clean dry cloth ; and continue to do fo till no more dew 
appears. Then obferve at what degree the thermometer 
Hands in the bottle, which will never be greater than the 
temperature of the air, which mull alfo be noted. Then 
find in the table the force of vapour at the temperature of 
the dew-point, and alfo the force of vapour anfwering to 
the temperature of the atmofphere, or that of the mafs 
which is the fource of the vapour. The difference between 
thefe two columns of mercury will be expreflive of the rate 
of evaporation. 

In order to obtain abfolute data for thefe procelfes, we 
fhall make ufe of Mr. Dalton’s fadls, which were derived 
from careful and judicious experiments. He expofed water 
to different temperatures, to obferve the weight evaporated 
in a given time. Thefe veffels were of a cylindric form, 
one being 3^ inches in diameter, and the other fix inches. 
The lefler veffel, when the water in it was juft made to boil, 
loit from 35 to 45 grains per minute ; this difference being 
occafioned by a greater or loffer current of air palling over 
it. The quantities evaporated at different temperatures 
were found to agree exadUy with the force of vapour. 

£ From 
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From a veffel of fix inches in diameter, he found that at 
aia° the mean auantity evaporated in one minute was 154 
grains. Then fince the mean of the fmall veffel was about 
40, if the quantity be as the furface, we ought to have 

~ ~ (3, which is vcr y near 5 for if ‘he fmall veffel 
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had been 3.05, then the two fquares would have been in 

the ratio of - 

40 

Mr. Dalton has conitrn&ed a table 011 thelc data, which 
from its great utility in all inquiries relating to the moitture 
in the atmofphere, cannot fail to be acceptable. 


Table, (hewing the Force of Vapour, and the full evaporating Force for everv r 

expred'ed in Grains of Water raifed ^ Minutcf fuppo^™ MoZZ ** 



In order to apply this table to pra&ice, in finding the 
rate of evaporation at any time, fuppofe the dew-point 
found, 39 above directed, to be 45 0 , and the temperature 
of the air at the fame time 70°, We find in this table, 
that the mean rate of evaporation at 45 0 is 1.62 grains in a 
minute; the rate at 70° being 3.72. Then 3.7 — 1.62 = 
2.08 grains, the quantity evaporated in a minute, under 
iuch circumftanccs. If the example were to afeertain the 
rate of any artificial evaporation, the temperature of the 
mafs expofed muft be taken, inftead of the temperature of 
the air. It muft alfo be obferved, that if abrilk wind pre- 
vails, the grains evaporated muft be taken from the column 
marked “ greater extreme.” If there be no wind, look at 


the “ lefier extreme” column ; and in a moderate breeze, 
take the “ mean” column. By this means we are enabled 
to afeertain, at any time, not only the rate of evaporation, 
but the quantity of water contained in a cubic foot of 
fpace. 

From the decreafe of temperature in the upper regions of 
the atmofphere, and the greater decreafe of the force of va- 
pour at thofe temperatures, the greateft parts of the water 
wmch rifes from the earth will be precipitated at a verv 
fmall height. 7 

If the temperature were taken by a thermometer, the de- 
grees of which Ihould (hew equal increments of heat, aqueous 
vapour at any temperature would become of half this den- 


fity. 
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fity, by a decreafe of temperature equal to* 25 0 . And 
fince, at the intervals of every fix miles above the furface 
of the earth, the preifure, and of courfe the force of vapour, 
is halved ; the quantity of water in a cubic foot of fpace 
muft diminifii very fait with the height. At the tempera- 
ture of jo°, when the atmofphere contains as much moifture 
as the temperature will admit, it contains only 3.5 grains 
in a cubic foot ; and if the temperature upward were to 
vary no more than 25*° for every fix miles, at 20 miles 
high there would be little more than one grain of water in 
a cubic foot of fpace. But the temperature is known to 
vary much more rapidly ; and hence we fhould have much 
lefs water in the fame fpace, on account of the condenfation 
rcfultmg from this greater decreafe. Still, however, fome 
portion of water mult exilt in the very limits of our atmo- 
fphere, in a itate of It earn or vapour of fome denfity ; and 
this vapour is Itill within the limits of fa£l the 5th, before 
given, viz. If fucli vapour were comprclfed till its denfity 
was equal to 253 grains in the cubic foot, its temperature 
would be 2 12°, whatever might be its temperature previous 
to its compreifion. The fame thing, as Mr. Dalton has 
very ingenioufly fuppofed, would be the cafe with the air 
itfelf ; that is, if the rareit part of our atmofphere were 
condenfed to the denfity of that at the furface, its tempera- 
ture would alfo become the fame. This change of tem- 
perature in da flic fluids, by rarefaction or condenfation, is 
evidently owi lg to a change in their fpecific heat. We 
have lately heard of a faCt, which has excited the curiofity 
of fome philofophers, and furpriled others, which is as fol- 
lows. When (team, of very confiderablc denfity from pref- 
fure, is made to iffuc from the mouth of a pipe, a perfon 
may place his finger clofe to the aperture, without feeling 
any unplcafant efiedl from the heat. The fenfible heat of 
this (team, which would otherwife aCt, is abforbed by the 
fudden change of fpecific he2t, by the expaniion of the 
fleam. This fad is very analogous to an experiment which 
has been long known. When the bulb of a thermometer 
is placed within the nozzel of a pair of bellows, and a blaft 
1’cnt through them, the mercury rifes above the common 
temperature ; but if the bulb be placed at a little diilance 
from the nozzel, the mercury falls below the common 
temperature. In the iirlt inltance, the air was compreffed, 
and the heat given out ; in the fecond, heat was abforbed, 
and consequently the temperature lowered. The cold pro- 
duced by the exhauflion of the receiver of the air-pump is 
to be explained in the fame way. 

The change of temperature of the atmofphere 13 doubt* 
lefs more regular at confiderable elevations, than near the 
furface : hence the air in which we live is frequently in a 
ftrong evaporating Hate, while condenfation is taking place 
in the fuperior regions. This gives rife to numerous clouds, 
which are nothing more than water in fmall globules, having 
lofl their elaitic form by condenfation. The changes of 
temperature, which take place from the various currents 
arifing from the a&ion of the fun upon the earth, materially 
and conftantly change thefe appearances ; fometimes caufing 
the difappearancc of opaque clouds, and at other times 
darkening the air by fudden condenfation. We can but, 
therefore, regard the water in the air as exifting in two 
ftates, namely, in the liquid and in the elaftic ft ate, be- 
tween which there can be no medium : for evaporation or 
condenfation muft be the refult of the flighted change of 
temperature ; at leaft we may conclude, that one of thefe 
procelles will commence with the change, and will pro- 
greflively go on till as much water is either precipitated or 
taken up as the temperature will admit. Evaporation, as 


we have before obferved, can never be inftantaneous : even 
if the air did not mechanically refill it, the prefence of the 
vapour already formed would have that effeft. Although 
there appears to be no medium between water and fteam, 
the actual precipitation of the water is progreflive, and is 
more or lefs rapid at different times. The clouds which 
appear to be fufpended in the atmofphere are conftituted 
by an aflemblagc of fmall globules of real water, which in 
vacuo would be precipitated with a rapidity agreeing with 
the laws of falling bodies ; but in confequence of the re- 
finance of air, their defeent is retarded, being dependent 
upon the ratio between their furface and folidity. 

There are good reafons for fuppofing that thefe globules 
are prevented from uniting by the prefence of ele&ricity, 
as we know that they mutt repel one another when they arc 
fimilarly eledtrified. On the contrary, when particles are 
intermixed having contrary ftates of cle&ricity, the con- 
denfation will be much facilitated, as we perceive in rain 
immediately fucceeding thunder. 

In all thofe fituations where fteam undergoes condenfa- 
tion, we do not fee water immediately precipitated. The 
mifty appearance is caufed by fmall globules of real water 
falling towards the earth with a fmall but progreflive velo- 
city. If the change of temperature caufing the condenfa- 
tion be very flow, the globules are extremely fmall in the 
fir ft inltance, and are with more difficulty united. This is 
doubtlefs the cafe with all bodies which are perfect liquids. 
Globules of mercury are united with greater difficulty the 
fmaller they are. The ftate in which mercury cxifts in 
lard in the form of million, is in thefe minute globules pro- 
duced by the mechanical adtion in mixing it. If boiling 
water be poured upon mercurial ointment, the fat is fepa- 
rated and floats upon the water : this may be poured off, 
and the mercury will be left in minute globules, which are 
united with great difficulty. It occupies a much greater 
fpace than when united, having the appearance of froth. 
Such is the ftate of water forming the white fleecy clouds 
which we frequently obferve at a great height ; the denfe 
dark-coloured clouds being compofed of larger globule* 
which leldom remain long before they are more completely 
formed into drops of rain. 

The clouds, therefore, are not to be confidered as abfo- 
lutely fufpended, but as water in globules of different 
magnitudes, falling with a velocity in the inverfe ratio o r 
their magnitudes. There is nothing hypothetical in this 
idea, fince it is within the limits of calculation to ascertain 
the magnitude even of particles of lead falling through 
any aflignable fpace in a given time. We cannot demon- 
ft rate the principle better than by folving the following 
problem. 

What mull be the diameter of a globule of water, to be 
capable of falling one inch in a fecond, after it has acquired 
an uniform velocity. 

Let c = the fpecific gravity of the air through which 
the fteam falls, water being 1. 
p = 3.1416, &c. 

g = the fpace a body falls in one lecond by gravity. 
v =r the velocity. 

jt = the diameter of the globule which is required 


Then, fince the particle will ceafe to be accelerated when 
the refiltance is equal to its weight, the velocity at that 
point will be v 9 which it will uniformly retain ; all other 
tilings remaining equal* The fpace fallen through to give v$ 

— 4 p jp* # p f' x* 

^ _ this, multiplied by ~ , will give * ■- — ■■■, the 
E 2 content 


rill be 
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jntent of the cylinder of air; and = the weight 

cJ the cylinder. This would be equal to the refi fiance, if 
the furface prefented to the refilling medium had been a 
•dane perpendicular to the diredion. The refiftance of 
'uch a furface to that of the fphcrical one, is as I to 2. 

Hence the refillance will be x 9 

1 6g 

The weight of a globule of water of the diameter a, 


will be 



cp v 1 x 1 


3 f Pf_ 

8 S 


Then, fince 


v = 1 inch, g = 194 inches - .0018, p r= 3.1416, 


3 1 

* = o x 1 X - - .0018 X 3.1416 = 

8 194 J 

3 x .0018 x 3.416 . 

— — = .00001093 of an inch, and in weight 

only .000000000000027 of a grain. 

When we conlider how inconceivably fmall the atoms of 
water mult be, it will be eafy to conceive globules of water 
much fmaller than the above calculation gives. 

We are quite aware of the difficulties attendant on the 
bell theory of clouds and rain. If the view we have given 
is fupported by fads and obfervation, which at prefent ap- 
pears to be the cafe, we may exped it to (land on firmer 
grounds than has hitherto been the fate of numerous hypo- 
thetic, as it is free from any thing gratuitous or hypo- 
thetical. 

Steam is at prefent applied to many economical purpofes, 
as well as in various manufactures, independent of it3 im- 
portant office in the {team engine. 

In dyeing, bleaching, and many other fimilar departments, 
it is tiled to communicate heat to water, lntlead of having 
feparate fire-places and bnil<*rs. The vcffcls to contain 
hot water, which were formerly feparate pans or boilers, 
M ~<now ftipplied from one principal clofe boiler, fimilar to 
thofc tiled for fteam-engmes, by feparate fleam-pipes. 
When the economy of the ileum is conli lered an objedt, 
the pipes for conveying the fleam fhould be cafed with 
wpod, or otherwife covered with fome bad condudlor of 
neat, which will not be attracted by the heat of 212°. 

The boiler, winch fupplie* the fleam, ffiould be placed 
lower than any refervoir of water which it has to heat, as 
in that cafe the wat^r, which may fometimes condenfe in 
the pipes, may run back into the boiler. This affords a 
little economy, by fuving the degrees of heat between the 
hot water and the old, with which the boiler is iupplied. 
Another advantage 1? in the pipes not being liable to be 
choakcd by the condenfing water not being allowed to get 
out of the way of the fleam. For heating water in brew- 
htuifes, waffi houfes, dyeing-vats, &c. the fleam-pipe comes 
diredly into the water, the fleam paffing into the fame 
making a loud noife, like the rap : d cracking of a whip. For 
heating large baths and buildings, the fleam is condenfed in 
** : pipes which pafs round the baths or around the rooms, 
-.nu the water fhould in this cafe run back into the boiler. 
The pipes, or other metallic vcffcls in which the fleam is 
comlenfed for the purpofe of warming rooms, fhould 
be ^coated with paint, the blacker the better. This is 
found to give out heat much more rapidly than the metallic 
furface, and in a ftill greater excefs above a polifhed metallic 
furface. 

When fleam is employed for the purpofe of heating 


water, the fupply for a given quantity of water will be 
eafily calculated by the data already given. 

Let L — the heat required to convert water into fleam 
at 900°. 

W = the weight of the water to be heated by fleam. 
T = its temperature. 

/ ~ the temperature to which it is required to be 
he .red. 

S — the weight of fleam required. 
h ~~ the temperature of the fleam. 


Then / =: 


(L + /,)S * WT 

sT w" 


, and S 


: ' r - W. 
L 4- /j — / 


A Ample rule for finding the quantity of fleam required 
to raife a gi«en weight to any given temperature anfes out 
of this formula. Multiply th« v water to be warmed by the 
difference of temperature between the cold water and that 
to which it is to railed for a dividend. Then to the tem- 
perature of the fleam add 900, and from the fum take the 
required temperature of the water. This lad remainder 
being made a cbvilor to t lie above dividend, the quotient 
will be the quantity of iteam, in the fame terms as the 
water. 

What quantity of fleam at 212° will raife 100 gallons of 

— 60) x ioo __ 1 52 __ 
900 ~ 9 ~~ 

17 gallons of water, firmed into fleam. This quantity of 
fleam from a boiler containing about 27 cubic feet, with 
a fire applied to the bell advantage, will be furniffied in 
2 hours and 16 minutes, fuppofing no heat to be loft 
by the heated mals being expofed. The coal confumed for 
this purpofe will be about 23 or 24^9., depending on its 
quality. 

The theorem above given will apply to any temperature 
above 21 2°, when the Ream is under greater preflure than 
30 inches of mercury. It will alf<> appear from the table 
of the force of v*»p«mr, that any deg-ee of heat fhort of 
endangering the veflels, may be given by lleam under dif- 
ferent decrees of preflure. Such means arc at prefent em- 
ployed for evaporating water from fugar, fait, and other 
fluids requiring a greater degree than 212. It will be 
equally obvious, that an uniform heat may be kept up be- 
low 212°, by ad j lifting the fleam-cock through which the 
medium to be heated is fupplied. In giving heats above 
212°, the vcffels fhould be completely fleam-tight, and 
very llrong. The boiler fhould have a fafety- valve, which 
fhould always be kept clean and free to ad. 

Steam is employed to great advantage for culinary pur- 
pofes. It is made to communicate with veffcls in the form 
of boilers, as a lubftitute for having fires under them, 
which is a great advantage, both in the economy of fuel, 
and in avoiding at the fame time the uuilance of afhes and 
fmoke. 

The moll convenient application of fleam for culinary pur- 
pofes is, when it diredly ads upon the lubllauce to be heated. 
This has been generally effected by placing the fubitance, 
whether meat or vegetables, in a veffel without water, and 
allowing the fleam to enter and condenfe upon it. The mod 
convenient apparatus of this kind we have yet heard of, con- 
fifts of a caft-iron plate about 30 inches or three feet fquare, 
Handing horizontally in a recefs in the wall, like a table. 
Round the edge of this plate is a groove, about half an inch 
wide and two inches deep. Into this groove fits an inverted 
tin-veffel, like a difh-cover. This is capable of being ele- 
vated and depreffed by a pulley and chain, having a aoun- 


water at 6o° up to 212 0 ? 
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tcrpoife, in order to expofe the table at any time. The 
fleam comes under the table and enters in the centre. The 
di flics to receive the heat are placed on any part within the 
groove, the fteam being' common to all. The water re- 
flating from the condensation runs into the groove, and at 
a point fhort of the top runs off. The water which re- 
mains forms a complete water-lute, to prevent the efcape 
of fteam. The table being placed in a reeds, like a com- 
mon ftone hearth, a fmall flue is placed over it to take away 
any fteam that may efcape when the cover is lifted up. 

The great quantity of hot water required in a fcullery 
fhould be perpetually kept up by a fupply of fteam. For 
this purpofe a large cylindrical vdlcl of caft-iron fhould be 
elevated in a corner of the fcullery, in order that water 
may be drawn from it by a cock. This vcflel fhould be 
connected from the bottom with a cold-water ciftern, the 
bottom of winch is level with the top of the cylinder, by 
which the latter is kept conltantly full. The hot -water 
cylinder is doled (irmly at the top, and therefore, when 
the air is allowed to efcape, the water rifes to the top. If 
now a pipe be conne&ed with the top, coming down to 
wlieie it is to be drawn off, if any portion he drawn out 
here, as much will come in £t the bottom of the cylinder 
fiom the refervoir above. So far we have deferibed this 
cylinder without its fteam-vcflel. Within this cylinder, and 
about the middle, is a diftind: vcflel, nearly of the width of 
the cylinder ; hut having a free fpaec round the inner 
▼did about an inch wide. The depth of the inner vcflel 
mull be about onedixth that of the outer one. This inner 
veflel mull have no connection with the outer one, and mult 
be fo water-tight, that although it is furrounded with the 
water of the outer one, none fhould get in. The inner 
veflel is on one fide conne&ed by a pipe with a fteam-boiler, 
having another pipe to allow the condenfed water to run 
oft’, which may be p refer ved as dillillcd water, and is valuable 
for many purpofes. The heat arifing from the condenfa- 
tion is communicated to the water in the outer veflel, the 
hottdl being at the top, where the mouth of the exit-pipe 
is placed. When, therefore, a portion of hot water is 
drawn from the cock, the pipe of which comes from the 
top of the veflel immediately under the cover, an equal 
quantity comes in at the bottom from the refervoir. This 
ufef'il apparatus is the invention of an ingenious economift 
of Derby, and is at prefent in nfe in his kitchen. 

When fleam is properly applied to the warming of baths, 
the economy is fo great, that if it were known, thefe cx- 
uifite luxuries would foon become more fafh ion able. The 
earn is condenfed in pipes about two or three inches in 
diameter, which are placed round the bottom of the bath. 
Thefe pipes are cor.cealed in a recels, which is afterwards 
covered by thin (lone plinths, perforated with holes to allow 
the water to circulate. 

We (hall point out the economy of thefe baths, by giv- 
ing fome faifts of a bath in common ufc. Its fize is about 
IO feet fquare, and its depth fuch as to contain about 520 
cubic feet. The fteam at 212°, to firft raife it from 32 0 
to 96°, will be found by the above theorem to be as much 
as will condenfe it into 33 cubic feet of water. This will be 
produced by 38olbs. of coal, including that required to 
raife the 33 cubic feet of water from 32 0 to 212°, winch 
is always about ^th of what will afterwards make it into 
fteam. 

Suppofing the bath to have double doors, and a fmall fky- 
light inftead of common windows, it will be found, when 
the outer air is 45 0 , that the bath will not cool more than 
4 0 in 24 hours. To reltore this every day, will require 
only T^th of what was required to raife it from 32 0 . This 
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will be about 23.5^8. Suppofing the whole of the water 
to he changed by a regular inlet and outlet every 14 days, 
then the weekly fupply of coal for fuch a bath will be 
about 350^9. 

It is fuggefted by Dr. Darwin, that the art of boil* 
ing vegetables of all kinds in fteam inftead of water, 
might probably be managed to advantage, as a greater 
degree of heat might be thus given them, by contriving 
to increafc the heat of the fteam after it has left the 
water; and thus the vegetable mucilage in roots and feeds, 
as in potatoes and flour-puddings, as well as in their leaves, 
items, and flower- cups, might be rendered probably more 
nutritive, and perhaps more palatable ; but that many of 
the leaves of vegetables, as the fummits of cabbage-fprouts, 
lofc their green colour by being boiled in (team, and look 
like blanched vegetables. This etiolation of fome vegetables 
by fleam is probably owing to its diffolving their colouring 
matter, which may then become decompofed, and may ren- 
der them lefs agreeable to thofe who choofe by the eye 
rather than the palate ; which green colour is, however, 
heightened by boiling them in fome hard waters which con- 
tain diffolved lime or fea-falt, or by a flight admixture of 
common fait with foft water ; an effect which is owing to 
the evaporation of a part cf the marine acid, and to the 
remaining alkali which was the bafis of it, when applied to 
blueifh vegetables converting them into green, as in the 
common experiment of adding fait of tartar to fyrup of 
violets, or according to the cuitom of fome cooks who add 
a little pot-afh, or fixed vegetable alkali, to the water in 
which young peas are boiled, to make them green, and 
afterwards a very little fugar to fweeten them. And the 
fame effect of making vegetables green, when boiled in an- 
other kind of hard water, is probably produced by the lime 
which abounds in them, and which, like the vegetable 
alkali, when the aerial acid which was united with it eva- 
porates, is faid to convert blueifh vegetable colours into 
green ones. 

Steam has likewife lately been applied in gardening to the 
purpofe of forcing plants of different kinds in the winter 
fcafon, in order to have their produce at an early period, as 
to the cucumber, and fome other vegetables of a fomewhat 
finnlar nature ; but the exa& manner of its application in 
this intention, fo far as we know, has not yet been commu-? 
nicated to the public ; it is, however, by fome mode of flues, 
pipes, and other contrivances for conveying and containing 
it, fo as that its heat may be uninterruptedly, equally, 
and regularly afforded to the root6 of the plants which it is 
deflgned to pufti forward into the fruiting Hate. It is faid 
to have been ufed in fome inftances in different parts of Lan- 
caflnre with great luccefs. But how far the expence and 
advantage of fuch a method may admit of and encourage its 
being introduced into general practice, have not, probably, 
yet been well or fully aicertained. If it fhould be found 
capable of pcrfcftly fuccecding in this ufe, on more full 
and corredl experience, it will, however, conftitute not 
only a neat and clean, but an elegant mode of forcing plants 
into fruit at early feafons. 

It has been found that fubterranean fleams often affedfc 
the furface of the earth in a particular manner, and promote 
or retard vegetation more than almoft any thing elfc. 

Steam-J&V/j >ine, or Fire-Engine, a machine very generally 
employed in this country as a firft mover of other engines 
and machines, its mechanical force or moving power be- 
ing obtained from the expanfion or contra Aion of the 
fteam of boiling water. Until of late years this machine was 
called the fire-engine, bccaufe it is in reality actuated by 
the fire which caufes the water to boil. 

The 
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The {team-engine is an intention highly creditabV to 
human genius and induftry, and is amongft the molt valu- 
able applications of philosophical principles to the arts of 
life. The invention of a {hip, with all her accefTories, and 
the degree of knowledge requifitc to conduct her through 
a diftant voyage, are more flriking infiances of the power 
of the mind of man, and of his enterprifing difpofition ; 
whether we con fide r the number of fciences which mull 
be applied to practice in the conilru£ti»n and manage- 
ment of a veflel ; or the advantages which mankind have 
derived from filch an invention, and the improvements 
which it has occafioncd in the ftate of civilization, by 
uniting, in a great degree, all the inhabitants of the globe 
in one focicty, who mutually fupply each other’s wants 
and who all contribute their (hare to the general (lock of 
knowledge. 

The {team-engine follows next to the flup in the fcale 
of inventions ; but in an Englifh Cyclopaedia it will take 
the lead, from the circumltance of its being wholly in- 
vented, and brought into general ufe, by our own country- 
men, within the fpace of a fingle century ; and alio as having 
been the principal means of effecting thofe great improve- 
ments which have taken place in all our national manu- 
factories within the laft thirty years ; and the increafe of 
our commerce which has enfued. 

The art of navigation is the refult of the combined in- 
genuity and experience of all nations, from the earlielt 
period of hilt ory to the prefent time ; and the fucceflivc 
and almolt imperceptible improvements by which it arrived 
at its prefent Hate of perfection, have many of them been 
the productions of accident, and for which we do not ex- 
actly know to whom we are indebted. But the Aeam- 
engine is the invention of a few individuals, all of them 
Engli(hmen, and brought into general ufe within a century. 
In the firft beginning it was the refult of reflection, and 
the production of a very ingenious mind ; and every altera- 
tion in its conltruCtion and principle was alfo the refult 
of philofophical enquiry. 

General Principle of the Steam-Engine . — The force of the 
fleam-engine is derived from the property of water to ex- 
pand itfelf, in an amazing degre6, when heated above the 
temperature at which it becomes changed into fleam, or 
vapour, which being an exceedingly cluflic fluid, it can be 
retained within the clofe veffel or boiler to which the heat 
is applied, even when it has an expanfive force fuflicient to 
make it fill, if left at liberty, 20 or 30 times the fpace in 
which it is confined. In this it ate the fleam will exert a 
proportionate force or preflure to burft open the fides of 
the veffel in which it is retained ; which force may be ap- 
plied either to expel or raife up water from any vellel into 
which the confined fleam is admitted, or to give motion to 
a moveable pifton, which is fo accurately fitted to the in- 
terior capacity of fuch veflel, as not to permit the efeape 
of the fleam between them. 

Another fource of the power of the fleam-engine is the 
facility with which fleam of a great expanfive force can 
be cooled by the application of cold water, and condenfcd 
into the fmail quantity of water from which it was ori- 
ginally produced. A partial vacuum can thus be made, in 
a very large veflel, in an inflant, and even in the fame veflel, 
which was, a moment before, filled with confined fleam, 
exerting a great force to efeape. The preflure of the at- 
mofphere which tends to fill up this vacuum, can be made 
to produce the afeent of water into the veflel to any height 
lefs than twenty* four or twenty-five feet. Or the preflure 
of the atmofphere may be made to give motion to a pifton, 
hv admitting the atmofpheric air to prefs upon one fide of 
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the piflon, whilft there is a vacuous fpace formed by the 
condcnfation of the fleam which filled the cylinder on the 
other. 

Notwithftanding the great variety of different conftruc- 
tions of the fleam-engine. they all derive ' heir force from 
one of thefe two principles, or from the combination of 
the two : but before entering upon any description of the 
manner in which thefe forces are applied, it is neceffary 
to have clear ideas of the nature of fleam, and of the law 
by which it expands by heat, in order to form a precifc 
judgment of what pafles in the interior part of a (team- 
engine when it is at work. In the common acceptation of 
the word fleam, it is that hot white vapour which we fee 
every clay rifing in a cloud from a tea-kettle or boiling-pot ; 
but tins is not exactly the A ate of the fleam employed in 
an engine ; it is there perfectly tranfparcnt, and is more 01 
lefs hot than boiling water, according as it is retained 
under a lefler or greater degree of comprcfiure. The ordi- 
nary preflure of the atmofphere, bearing upon the furfacc 
of water, will retain it in a (late of fluidity, until it is 
heated to what is generally called the boiling point, and is 
marked 21 2 ° in Fahrenheit’s thermometer. If the heat is 
incrcafcd above that degree, and if the water is unconfined, 
except by the preflure of the atmofphere, the water imme- 
diately aflumrs the aeriform flate, and flies off m elaftic 
vapour, which wc call fleam ; but if the fame water is re- 
lieved from the piefiure of the atmofphere by cnclofing it 
in a clofe veflel, and exhaufling the air from it, a certain 
portion of fleam or vapour will rife from the fame at any 
temperature, even when it is as low as freezing ; and if this 
vapour is conveyed off from the veflel as fail as it rifes, the 
water, although cold, will boil, and fuch vapour will rife as fall, 
as the boiling kettle does in the open air. If the vapour 
is retained in the veflel, it will only accumulate, until it has 
acquired a certain degree of elaftic force to prefa upon the 
furfacc of the water, which will then ceafe to yield any 
more vapour, until the heat is farther increafed, or that the 
vapour is drawn off to relieve the water from the preflure 
which confined and retained it in its fluid flate. On the 
other hand, water which is retained in a clofe veflel, under 
a greater degree of preflure than that occafioncd by the 
preflure of the atmofphere, will not boil or rife in vapour, 
until it becomes heated to a higher temperature than 21 2°. 
It is even probable, that water mi^ht be comprcflcd to that 
degree, that it would not boil until heated red-hot ; but this 
would require fuch an enormous flrength in the \elltl which 
fhould contain the fleam, that it is far beyond the prac- 
ticability of an experiment. 

In this manner the reader is to bear in mind, that vapour 
or fleam, when confined in clofe veffel*, is always more 
or lefs elaftic, in proportion to the degree of heat which is 
applied to it ; or, in other words, that the tempo rlurc of 
the fleam is an exa£t index of the chill ic or expanfive force 
with which it prefles upon the furface of the water, and 
againfl the interior furface of the veflel which contains it. 

The following tables (hew the law by which the ex- 
panfive force increafes with the increafe of the temperature. 
They were made from the experiments of Mr. John Dalton, 
which he publifhed at length m the “ Memoirs of the 
Literary and Philofophical Society of Manchcfter,” and 
experiments have been alfo made in France by M. Betan- 
court, which do not cbfler from this table fo much as to 
affecl the refult s in any great degree, when applied to prac- 
tice, in calculating the force of fleam-engines. Thele ex- 
periments were made by cnclofing water in a clofe veflel, 
from which the air was carefully cxh*m fled, fo as to make 
a vacuum. A thermometer was applied, fo as to indicate 
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the temperature ot tne interior of the veflel ; alfo there 
was a communication made from the veflel to the lower 
part of a fiphon barometer tube, that is, an inverted glafs 
fiphon filled with mercury, from one leg of which the preflure 
of the atmofphere was excluded, and the' other leg com- 
municated with the interior of the veflel. In this way, 
when there was a vacuum in the veflel, the furface of the 
mercury in the two legs of the fiphon would (tand at the 
fame level, becaufe it would not be prefled upon at all on 
either fide ; but when any vapour was raifed in the veflel, it 
would prefs upon the interior furfacc thereof, and alfo upon 
the furfacc of the mercury in one of the leg9 of the inverted 
fiphon ; and as the furface of the mercury in the other leg 
would not be prefied upon at all, the mercury would mount 
in one leg and defeend in the other, and the difference of the 
level between the two being mcafured, would exprefs the 
elaflic force of the vapour, which was found to increafe with 
the increafe of the heat, according to the fecond column of 
the table. For the convenience of eftimafing the force of 
the vapour, we have added the third and fourth columns 
to Mr. Dalton's table. The third, to exprefs the preflure 
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by the altitude of a column of water, inftead of mercury % 
and the fourth column to (hew the preflure upon each 
fquare inch of the furface upon which the vapour a&s, 
in pounds avoirdupois and decimals. The table alfo (hews, 
in the three laft columns, the difference of preflure between 
the vapour and atmofphcric air in three different terms, 
viz, in the column of mercury, column of water, and in 
pounds on the fquare inch. 

In the firft table, which is for every io° of temperature 
up to 212°, or the heat of boiling water when in the 
open air, the three laft columns (hew how high the pref- 
fure of the atmofpheric air, when the barometer is at 3a 
inches, will force up mercury or water in a tube, which 
at the upper end communicates with the vcffel containing 
the vapour, and the lower end is immerfed in the mer- 
cury or water. And in the fecond table, which is for the 
degrees of heat above 21 2°, the fame columns (hew to what 
height the force of the vapour will caufe mercury or water 
to mount up in a tube, which at the lower end communi- 
cates with the veflel containing the iteam, and the upper 
end is open to the atmofpheric air. 


Table of the expanfive Force of the Vapour of Water, or Steam, when enclofed in a clofe Veflel, and relieved from 
the Preflure of the Atmofphere ; taken at every io° of Temperature, from the Congelation of Mercury, or 40° below 
the Zero of Fahrenheit, up to 21 2 0 , or boiling. 


Temperature in 
Drt*ree» of 

Fahrenheit's 

Thermometer, 

Preflure of the Vapour, or the Force which it will exert to 
enter .uto a vacuous Space. 

Pietfureof ihe At-nofphrre, or the Force which it will exert ' 
to enter into a Space filled with the Vapour. Barometer 
fuppofed to he at 30 iix lies. 

Column of 
Mercury. 

Column of Water. 

Preflure per fquare 
Inch. 

Column of 
Mercury. 

Gilunn 

of Water. 

Preflure per fquare 
Inch. 


Inches. 

Ft. 

In. 

Lbs. 

Os. 

Inches. 

Ft. 

In. 

Lbs. 

<)/,. 

- 4°1 £ 

•OI 

0 

•n 

O 

•I 

29.987 

33 

10.63 

>4 

10.5 

~ 3 °U 

.02 

0 

•27 

O 

•*5 

29.98 

33 

lo S 3 

x 4 

10.45 

- 20 f * 

*°3 

0 

•4 

O 

•*3 

29.97 

33 

IO.4 

*4 

10 *37 

- 10J 3 

•043 

0 

.58 

0 

-33 

29.957 

33 

10.22 

x 4 

10.27 

0 • 

.064 

0 

.87 

O 

■5 

29.936 

33 

9-93 

*4 

JO.l 

10 

.09 

0 

1.22 

0 

•7 

29.91 

33 

9.58 

>4 

9.9 

20 

.129 

0 

*•73 

0 

I. 

29.871 

33 

9.0 

x 4 

9.6 

3 0 

.186 

0 

2-5 

0 

x *44 

29. 8 14 

33 

8 -3 

x 4 

9.16 

72 (freezing.) 

• 2 

0 

2.7 

0 

i 5 6 

29.8 

33 

8.1 

14 

8.04 

40 

.263 

0 

3-5 

0 

2. 

* 9-737 

33 

7-3 

H 

8.6 

50 

•375 

0 

5 * 1 

0 

2.9 

29.625 

33 

5*7 

x 4 

7.70 

60 

.524 

0 

7 * 

0 

4 « 

29.476 

33 

3-7 

*4 

6.5 

70 

.721 

0 

9.8 

0 

5 6 

29.279 

33 

I* 

x 4 

5 - 

80 

1. 

1 

1.56 

0 

7- 8 3 

29. 

3 2 

9.24 

*4 

**77 

90 

'• 3 6 

I 

6.j 

0 

10.4 

28.64 

3 * 

3*5 

x 4 

0.2 

loo 

1.86 

2 

1.25 

0 

14.4 

28.14 

3 1 

9*5 

*3 

12.2 

IIC 

*■53 

2 

10.25 

1 

3-6 

28.47 

3 1 

°-5 

>3 

7 - 

120 

3-33 

3 

9 * 

1 

IO. 

27.67 

30 

1. 

x 3 

0.6 

x 3 <> 

4-34 

4 

*0.7 5 

2 

*•5 

25.66 

-9 

0. 

1 12 

9 - 1 

IAO 

5-74 

6 

6. 

2 

, 3 * 

24.26 

*7 

4 * 

11 

13.6 

ISO 

7.42 

8 

4 S 

3 

9.8 

22.58 

*5 

6.25 

1 1 

0.8 

160 

9.46 

10 

8. 

4 

9.9 

20.54 

*3 

2. 

10 

0.7 

170 

12-13 

13 

8.5 

5 

x 4*7 

17.87 

20 

2.25 

8 

1 1.9 

180 

! 15-15 

*7 


7 

6.4 

i 4 8j 

16 

9.25 

7 

4.2 

190 

19.00 

21 

3*5 

9 

3*3 

11. 

12 

7.25 

5 

7-3 

200 

23.64 

26 

8 5 

11 

8.9 

6.36 

! 7 

2.25 

3 

*•7 

210 

18.84 

3 * 

7 * 

*4 

*•9 

1.16 

I 1 

3 - 

1 0 

8*7 

212 (boiling.) 

30. 

33 

10.75 

*4 

10.6 

the vapour and the atmofphere equal* | 


Table 
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Table of the expanfive Force of Steam, when enclofed in a clofe Veflel, taken at every 5 0 of Temperature, from 21 2* 

of Fahrenheit, or boiling, up to 325 0 . 


Temperature in 
Degrees of 
Fahrenheit’s 
Thermometer. 

Preffure of the Steam, or the Force which it will exert to enter 
into a vacuous Space. 

Preffure of the Steam ai»ainft the Atmofphere, when the 
Barometer is at 30 Inches, or the Force which it will exert 
to efcape from the clofe Veffel into the open Air. 

Column of 
Mercury. 

Column of Water. 

Preffure per fquare 
Inch. 

Column of 
Mercury. 

Column of Water. 

Preffure per fquare 
Inch. 


Inches. 

Ft. 

♦ Jn. 

JJ)8. 

Oz. 

Inches. 

F.. 

In. 

Lbs. 

Oz. 

212 (boiling.) 

30 . 

33 

10.75 

H 

10.6 

the fleam equal to the atmofphere 


215 

3'- fi 3 

35 

II 

15 

9 

1.83 

2 

0 

0 

15 

220 

34-99 

39 

6 

17 

1 

4.99 

5 

7 

2 

7 

22 5 

38.20 

43 

2 

l8 

10 

8.20 

9 

4 

4 

0 

230 

41-75 

47 

2 

20 

7 

11.75 

>3 

4 

5 

>3 

2 35 

45.58 

5 1 

6 

22 

5 

.5.58 

*7 

8 

7 

II 

240 

49.67 

56 

1 

24 

4 

19.67 

22 

3 

9 

10 

2 45 

53.88 

60 

10 

26 

4 

23.88 

27 

0 

1 1 

IC 

250 

58.2 1 

65 

9 

28 

8 

28.21 

3 i 

1 1 

x 3 

x 4 

2 55 

62.85 

71 

0 

30 

12 

32.85 

37 

2 

16 

2 

260 

67-73 

76 

6 

33 

2 

37-73 

42 

8 

18 

8 

2 65 

72.76 

82 

2 

35 

9 

42.76 

48 

4 

20 

15 

270 

77- s 5 

87 

1 1 

58 

1 

47.85 

54 

1 

3 3 

7 

275 

8 . 3-13 

93 

1 1 

40 

1 1 

53- x 3 

60 

1 

26 

1 

280 

88.75 

JOO 

3 

43 

7 

58-75 

66 

5 

28 

x 3 

28* 

94-35 

106 

7 

46 

3 

64-35 

72 

9 

31 

9 

290 

100.12 

M 3 

1 

49 

0 

70.12 

79 

3 

34 

6 

295 

105.97 

119 

8 

5 i 

4 

75-97 

85 

10 

3 ^ 

10 

300 

111.81 

126 

4 

54 

12 

81.81 

92 

6 

40 

2 

305 

117.68 

132 

11 

57 

9 

87.68 

99 

1 

42 

l 5 

310 

I2 3-53 

*39 

6 

60 

8 

93-53 

105 

8 

45 

x 4 

3*5 

129.29 

146 

1 

64 

0 

99.29 

112 

3 

49 

6 

320 

*35- 

152 

6 

66 

1 

105.00 

116 

5 

5 1 

7 

3 2 5 

140.70 

158 

11 

68 

H 

1 10.70 

125 

1 

54 

4 


Hi/lory of Invention of the Steam-Engine . — The great 
elaftic force of fleam has been long known in the inftrument 
called the aeolipile (fee that article); and its property of 
condenfation was alfo experienced in the ufe of the fame 
inftrument : the manner commonly praftifed for filling the 
ball with water being to plunge it into cold water, when 
heated and filled with fteam ; by which means the fleam is 
condenfed, and forms a vacuum fufficient to draw the water 
into the ball, although the orifice is fo fmall that water 
could not be introduced by any other means. At the fame 
time, the true principles of its action were fo little under- 
ftood, that the fteam which iffued from it, when placed on 
the fire, was fuppofed to be air produced by the decom- 
pofition of the water ; and nearly all the old philofophers, 
who have defcribed this inftrument, propofed to employ it 
for blowing furnaces. The firlt idea of employing this 
force of fteam to produce motion was by Brancas, a phi- 
lofopher of Rome, who contrived a great number of different 
kinds of mills to be worked by the fteam coming from 
1 large aeohpile, and blowing againlt the floats or vanes of 
a wheel. We are obliged to this author for a number of 
other ingenious inventions, which he dedicated to M. Canci, 
governor of Loretto, in 1628, and publifhed his work (Lc 
Machine) at Rome the year following. The reprefentation 
of his fire-machine is given in the twenty-fifth plate ; but the 
force which he could nave thus obtained from fteam would 
have been found altogether inconfiderablc, if he had ever 
put it in praftice. 


The firft real {team-engine was invented by the marquis 
of Worcefter ; but it was only for raifing water, and that 
by the expanfive force of fleam alone. The next engine 
was by captain Savery, and operated, both by the expanlive 
force and the preffure of the atmofphere, to fill up the va- 
cuum which was produced by the condenfation of the fame 
fleam, after it had ceafed to operate by its expanfion. 
Thefe aftions were employed alternately to raifc water. 
The third inventor, Newcomen, abandoned the force of 
expanfion, and only employed the condenlation of the fleam 
to obtain a vacuum, and caufe the profl'iire of the atmo- 
fphere to aft, unbalanced upon a pifton, fitted into a cy- 
linder ; and as the force was thus exerted upon a moveable 
pifton, his machine is capable cf being applied to give mo- 
tion to pumps or other machines, whereas his predeceffors 
were obliged to confine themfelves to the railing of water. 
Soon after this invention, engines wore propofed with pif. 
tons to be aftuated by the expanfive force of the fteam only, 
without the vacuum. Laftly, Mr. James Watt' invented 
the engines now in general ufe, which are aftuated both by 
the preffure of fteam, and the vacuum afting at the fame 
time upon the oppofite furface of the pifton. 

We owe too much to thefe inventors, as well as many 
others, to pafs over their difeoveriea with fuch flight notice 5 
and fhall, therefore, give a detailed Inf lory of the progrefs 
of this valuable invention, drawn from the belt authorities 
we have been able to obtain. 

• Tie Martju'u of fV orcejler's Steam-Engine . — The earlieft 
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defeription which we hare of a machine for railing water by 
fire, employed in raifing fteam from boiling water, is from 
the marquis of Worcefter, who, in the reign of king 
Charles II., and in the year 1663, publiihed a fmall pam- 
phlet, entitled “ A Century of the Names and Scantlings of 
the Marqui 9 of Worcefter’s Inventions,” written in i6cc. 

This little work, it appears, was addrefled to the king 
and parliament, and publiihed with a view to obtain an en- 
couragement from the public for the profecution of 100 
projects, which it details. No. 68. of this Century con- 
tains as follows : — “ 68. An admirable and moll forcible 
way to drive up water by fire 5 not by drawing or fucking 
it upwards, for that mull be as the philofopher calleth it 
intra fbheram aftivitatLr, which is but at fuch a diftance. 
But tnis way hath no bounder, if the veffel be llrong 
enough : for I have taken a piece of a whole cannon, whereof 
the end was burll, and filled it three-quarters full of water, 
flopping and ferewing up the broken end, as alfo the touch- 
hole ; and making a conftant fire under it, within twenty- 
four hours it burll, and made a great crack ; fo that hav- 
ing a way to make my vefi'els, fo that they are llrengthened 
by the force within them, and the one to fill after the other, 
1 have feen the water run like a conftant fountain ftream 
forty feet high : one veffel of water, rarefied by lire, driveth 
up forty of cold water. And a man that tends the work 
is but to turn two cocks, that one veffel of water being 
confumed, another begins to force and re-fill with cold 
water, and fo fucceffively \ the fire being tended and kept 
conftant, which the felf-fame perfon may likewilc abun- 
dantly perform in the interim between the neceflity of 
turning the faid cocks.” 

This pafTage certainly contains a defeription of an engine 
for raifing water by the repellent power of fteam ; and from 
his exprellion, of one veffel of water, converted into fteam, 
forcing up forty veffels of cold water to the height of forty 
feet, it is very probable that he had a&ually tried the ex- 
periment by a working model. 

The marquis concluded his Century of Inventions by a 
romife to leave to pofterity a book, wherein under each 
ead the means of putting his feveral inventions in execution 
were to be deferibed, with the afiiftance of plates ; but as 
this work never appeared, we can only judge of his abilities 
by this fpecimen. He appears to have been a perfon of 
much knowledge and ingenuity ; but his obfeure and enig- 
matical account of theft inventions feems not fo much in- 
tended to inilruft the public as to raile wonder ; and his 
encomiums on their utility and importance are, to a great 
degree, extravagant, refembling more the puff of an adver- 
tifing tradefman, than the patriotic communications of a 
gentleman. The marquis of Worcefter was indeed a pro- 
jeftor, and very importunate and myfterious withal in his 
applications for public encouragement. 

It does not appear that he met with any public encourage- 
ment to his propofitions ; and though, at firft fight, it 
feems furprifing that an invention, by which the fteam of 
boiling water is listed to be capable of producing a power 
equal to that of gunpowder, fhould be neglefted for almoft 
forty years ; yet if we confider that the greater part of this 
Century of Inventions confifts of things highly in the ftyle of 
legerdemain, and fomc of them absolutely impoflible, and 
contrary to all eftablilhed rules of fcience, we need not fo 
much wonder at the negleft which the whole experienced. 
For example, the 99th number of the Century is as follows : 
M How to make one pound weight to raife an hundred as 
high as one pound falleth, and yet the hundred pounds de- 
scending doth what nothing left than one hundred pounds 
can effeft.” 

Voi,. XXXIV. 
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It mull be alfo further confidered, that thefe projefts 
were publiihed at a time when true fcience was beginning to 
take place of empiricifm. 

The Century of Inventions appeared about three years 
after the eilablilhment of the Royal Society, during the 
time of Mr. Boyle, Dr. Hooke, Dr. Wallis, fir Chrif- 
topher Wren, fir Ifaac Newton, and others equally /killed 
in calculations, as in the inventive parts of mechanics. 

Under all thefe circumftances, it is not allonilhing that the 
marquis’s propofition9 in general Ihould meet with a cool 
reception, or that this celebrated invention Ihould be con- 
demned to obfeurity, amongll the other wonders with which 
it was accompanied. 

We do not wifh it to be under flood, that all the mar- 
quis’s propofitions, except the fire-engine, are of the fame 
nature as No. 99 : on the contrary, feveral have been re- 
invented, and proved true, fince the marquises time; for 
example, fhort-hand telegraphs, floating baths, carriages 
from which the horfes can be difengaged if unruly, com- 
bination locks, fecret efcutcheons for locks, candle-moulds, 
&c. It is alfo probable that others may be brought to 
perfeftion ; yet the greater part is fo much in the ftyle of 
the wonderful, that it is to be wifhed that the marquis had 
publiihed nothing but No. 63, which at once would have 
rendered his name immortal, and without any tarnilh or alloy 
to the glory of fo great an invention. 

Captain S averts Steam-Engine . — The next attempt upon 
record is that of captain Thomas Savery, a commifuoner of 
the fick and wounded, who, in the year 1698, obtained a 
patent for a new invention for raifing water, and occafioning 
motion to all forts of mill-work, by the impellent force of 
fire. This patent bears date the acth July, in the tenth 
year of the reign of William III., that is 1698. The pa- 
tent ftatea that the invention will be of great ufe for drain- 
ing of mines, ferving towns with water, and for working all 
forts of mills. 

In June 1699, he /hewed a working model of his engine 
to the Royal Society, and in their Tranfaftions for that 
year, viz. N° 253, vol. xxi. there is the following regifter. 

M Mr. Savery, June 14th, 1699, entertained the Royal 
Society with Ihewing a fmall model of his engine for raif- 
ing water by the help of fire, which he fet to work before 
them : the experiment fucceeded according to expeftation, 
and to their fatisfaftion.” 

The above is accompanied with a copper-plate figure, 
with references by way of defeription, from whence it ap- 
pears, that the engine then Ihcwn by captain Savery was for 
raifing water not only by the expaniive force of fteam, like 
the marquis of Worcefter’s, but alfo by the condenfation of 
fleam, the water being firft raifed by the preffure of the at- 
mofphere to a given height from the well into the engine, 
and then forced out of the engine up the remaining height 
by the expaniive force of fteam, in the fame manner as pro- 
pofed by the marquis. This aftion was performed alter- 
nately in two receivers, fo that while the vacuum formed ill 
one was drawing up from the well, the preffure of the fteam 
in the other was forcing up water into the refervoir ; but both 
receivers being fupplied by one fuftion-pipe and one forc- 
ing-pipe, the engine could be made to keep a continual 
ftream, or fo nearly fo as to fuffer very little interruption. 

The inventor afterwards publiihed an account of his en- 
gine in a fmall book, entitled (i The Miner’s Friend, or an 
Engine to raife Water by Fire deferibed, and the Manner of 
fixing it in Mines, with an Account of the feveral Ufe* it it 
applicable unto, and an Anfwerto the Objeftions made againft 
it,” printed at London in 1702, by Thomas Savery, gentle- 
F man. 
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man. Tlii* little Look was feparately addrcfled to king 
William III., to whom the engine had been (hewn at Hamp- 
ton Court, to tl c Royal Society, and alfo to the Mine Ad- 
venturers of England, who were invited to adopt the in 
vent ion. 

This engine difplays much ingenuity, and is almolt at 
perfect in its contrivance a-, the fame kind of engine lias ever 
been made fince that time : we have on that account copied 
the principal figure, and captain Savory’s own dctcripii'itu 
as given by Dr. Harris, in Ins Lexicon Tcchuieum. See 
Plate I. Si earn- Engine * fig- i 

Captain Savays DtfnpUvh vf his Fire- Engine. — {t A dc 
notes two furnace.";, whole lire places are marked 1) t and 
B 2, and th'*ir c* miaon funn.l #-r chimney C. 

“ In tilde two funiau* . re placed two veflels of copper, 
which I call boilei*-, the one a Urg^r. a* L, the othtr a 
Imaller, as D. 

“ Theft' boiler, have c<.rh a gauge -pipe, as G and N, of 
which G goes within eight im lies (if the bottom of the 
fiuall boiler, but N reache only half way down into the 
great hoder. 

“ By thefe pipes, before the engine can work, you mull 
fill the fmall boiler quite full, and the great boiler tvvo- 
thiids full of water. Then light the fire under the large 
boiler at B I, and make the water therein boil, by which means 
the fleam of it being quite confined mull needs be wonder- 
fully comprcfled, and therefore will, on the opening of a 
way for it to iflue out \which is done by pufhing the handle 
Z of the regulator fiom you), rufli with a great foice 
through the fleam-pipe O l, into the receiver 1’ i, dtivmg 
all the air before it, and forcing it up into the forte pipe 
through tin* clack R I, as you will perceive by tlu* unite and 
rattling of the clack ; and when all the air is thus driven out, 
the receiver P i will be very much healed by the fleam. 
When you find it is thoroughly emptied, and is grown very 
hot, as you may both fee and feel, then pull the handle Z 
of the regulator towards you, by which means you will flop 
the fleam-pipe O i, fo that no more fleam can yet come into 
the receiver P i, but you will open a way for it to pafsinto 
O 2, and by that means fill the other receiver P 2 with the 
Iteam, as the other was before. 

“ While this is doing, let fume cold water be poured on the 
firll -mentioned receiver Pi, by which means the fleam in it 
being cooled and comlenfcd, and contracted into a very little 
room, and consequently prefling blit very little (if at all' on 
the valve or cock R i, at the bottom of the receiver P i, 
there is nothing there to counterbalance the p re flu re of tin* 
atmofpherc on the furfacc of the water, in the lower part of 
the In eking -pipe T, wherefore it will be prefled up, and 
afeend into, and fill the receiver P i, driving up before it, 
aR it rifes, the clack or valve R 3, which afterwards falling 
down again and (hutting clofe, hinders the defeent of the 
water that wav. 

u Then (the receiver P a being in the mean time emptied of 
its air) pflfli the handle of the regulator from you, and the 
force of the fleam coming from the boiler, will aft upon 
the furfacc of the water contained in the receiver P 1 , where 
it forces or preflet hard upon it, and Itill inereafes its elal- 
ncity or ipring until it exceeds the weight of the column of 
water in the receiver and pipe 8, which then it will uecef- 
farily drive up through the pafl'agc Q R, 1 Q Q, into the 
force-pipe S, and at lail difeharge xt out at the top, as is 
reprelented in the figure. 

u After the fame manner, though alternately, is the re- 
ceiver P 2 filled and emptied of water, and by this mean9 a 
regular (tream is kept continually running out at the top of 
the force-pipe S, and fo the water is raifed very eafily from 
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the bottom of the mine, &c. to the place where it is de- 
figned to be difeharged. 

“ Only 1 fliould add, that after the engine begins to work.- 
and the water is rifen into and hath filled the force-pipe S, 
then it fills alfo the little ciftern X, and by that means feeds 
the pipe Y Y, which I call the condcnflng pipe, and which 
can be turned Tideways over either of the receivers, and will 
then be open : by this cold water is conveyed down from 
the force-pipe to fall upon the outfides of the receivers when 
thoroughly heated by the fleam, in order to condenfe the 
fleam within, and make them fuck (as it is ufually called) 
the water out of the well up into the receiver. 

“ Alfo a little above the cillcrn goes the pipe E, to cow 
vcv water from the force-pipe into the lefler boiler D, fen 
the purpofe of rcplenifhing the great boiler L, when the 
water in it begins to Ik* almolt con fumed. Now when 
there is need of doing this, turn the cock E, fo that there 
can be no communication between the force-pipe S and 
the lefler boiler D ; and putting in a little fire under the 
fmall boiler B 2, the water will there grow prefently hot ; 
and when it boils, its own fleam, which hath no vent out, 
prefling on its furfacc, will force the water up the pipe H, 
through K, into the great boiler L, and lb long will it run 
till the furfacc of the water in the boiler I) gets to be as low 
as the bottom of the pipe H, and then the fleam and water 
will run together, and by its noile, and rattling of the clack 
I, will give him that works the engine lufficicnt aflurancc 
that the (mall boiler hath emptied and difeharged itfelf into 
the greater one L, and carried in as much water as is then 
neccflary j after which, by turning the cock E again, you 
may let new cold water out of S into the lefl’er boiler D, a3 
before, and thus there will be a conflant motion and a 
continual lupply of the engine, without fear of decay or 
diforder. 

“ Alio, to know' when the great boiler wants replenifliing 
or not, you need only turn the gauge-cock N, and if water 
come out there is no need to replemfli it, but if fleam only 
come, you may conclude there is want of water ; and the 
like will the cock G do in reference to the lefler boiler D, 
(hewing when it is neceflaty to lupply that with frefli watrt 
from S; lo that in working the engine there is very little 
(kill or labour required : it is only to be injured by either a 
flupid or wilful negleft.” 

The engine above deferibed does not differ cflentially 
from that reprelented in the print in the l’hiloiophical 
Tranlaftions, but it is more neatly put into form, and im- 
proved in forne of the minor particulars. For in fiance, the 
original engine had only one boiler, and there was no means 
of fupplying it with water, to replace the wafte oceafioncd 
by the evaporation of the fleam, without flopping the 
aftion of the engine whenever the boiler was emptied to 
fueh a degree, as to rifle the burning of the veflcl. And 
after the boiler was rcplenifhcd, the engine could not begin 
to work again, until that water which was introduced cold 
w as made to boil. 

The engine which we have jult deferibed from the Miner’s 
Friend has a fubfidiary boiler, in which a quantity of w*ater 
is reduced to a boiling heat in readiuefs for fupplying the 
great boiler, and the powder of the fleam raifed in the fub- 
fidiary boiler is employed to force the water contained in 
it into the other, or great boiler, which aftuates the engine ; 
by this means the tranfpofition of the feeding water is not 
only inftantly performed, but being at a boiling heat, it it 
immediately ready to produce fleam for carrying on the 
work. There is alfo another grand improvement m the 
conflruftion of this engine. His firll engiue was worked 
by four feparate cocks, which the operator was obliged to 

turn 
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turn fepsrately at every change of ftroke ; and if he turned 
them wrong, he was not only liable to damage the engine, 
but he prevented Us «ftU*A, and loft a part of the operation ; 
wherea*- in this tocoi.d *ngine the communications arc made 
by the double (bding-valvc, or regulator, as it has lince been 
called. This u a brals plate, fhapcd like a fan, and moving 
on a centre w'thinlide the boiler, fo as to Hide horizontally 
in contact with the under lurface of the cover of the boiler, 
to winch it is accurately fitted by grinding, and thus at 
plea tore opens or Hints the orifices or entries to the (team- 
pipes of lii* two receivers alternately. Tins regulator arts 
wth lifts friction than that of a cock of equal bore ; and by 
the motion of a (ingle ha idle backwards, at once opens 
the proper lleam-pipe from one receiver, and doles that 
which belongs to the other receiver. 

The contrivance of the regulator has fincc proved of 
more confluence, as having been uni verfally adapted m the 
cylinder engines. 

Captain Savery, in the Miner’s Friend, above n forc'd 
to, in add tiou to the defeription of his engine, enumerates 
the following ufes to which it may be applied, ai d winch 
he deferibes rilhcr fully, as follows; lit, to ivife water 
for turning all torts of mills; 2dly, fupplying palace ?, noble- 
men’s and gentlemen’s houfes with water, and giving the 
means of extiuguifhing fire i therein, by the water to raifed ; 
jdly, the fuppiymg cities and towns with water; 4tldy, 
draining fen*’, and marfhrs ; 5 tlily, tor lliip*»; Stilly, for drain * 
iug of water; and 7thly, for preventing clamps in the 

faul mines. 

Dr. I Farris, in hi * account of the fire-engine, fpeaks of 
captain Savory as one that he was acquainted with, and as 
a perfon of great merit and ingenuity. lie fir It mentions 
another machine of Savery’s, for rowi-g a (hip m a calm by 
paddle -wheels placed at the veffd’s fide, of which the cap- 
lain piihinhid an account 111 i6*>S; and it is woithy of 
remark, th.it the lame kind of wheels when actuated by 
improved ft ’am engines, is the only method, nmmigft an 
infinite number of * .t her s which at prelent has been found 
to anfwer for rowing vjlbfts Dr. Harris, in proceeding 
to the lire engine, lays, 41 The other engine is for railing 
water by the force of lire, in winch he has fhewn as great 
ingenuity, depth of thought, and true mechanic Hall, as 1 ver 
dileoseied it To If in any defign of this natme.” Nntwith- 
ilanding this. Dr. Dchtguliers has endeavoured to take 
away all the merit of tin* invention of the lire-engine from 
captain Savory, if he had merely copied it from the 
marquis of Worcefter. 

’The act ount given by Dr. Defaguliers has been fo fre- 
quently copied by different writers, that it is generally con- 
jfulered correct ; and we therefore think it a piece of 
juft ice to the memory of captain Savery, to fet his preten- 
fions m a clearer light than has been generally done. The 
doctor lays, “ Captain Savery having read the marquis of 
Worceller’s book, was the firlt who put in practice the 
railing water by fire, which lie propofed for the draining of 
mines. His engine is deferibed in Harris’s Lexicon, (fee 
the word Enginb,) which, being compared with the mar- 
quis of Worceller’s defeription, will eafily appear to have 
been taken from him, though captain Savery denied it ; 
and the better to conceal the matter, bought up nil the 
marquis of VVorcerter’s books that he could purchale in 
Patcrnofter-Row, and el ft where, and burned them in the 
prefmee of the gentleman, hi:, friend, who told me this. 
He laid that he found out the power of It'im by dunce, 
and invented the following Ibiry to m:ke people believe it*; 
w*. that, having drank a flafk of Florence at a tavern, and 
1 brown the empty ftolk upon the fire, he called for a baton 


65 

of water to wafh his hand??, and prrceivmg* that the little 
wine left in the flafk had filled up the Hafir with fleam, he 
took the flafk by the neck, ami plum;* d the i»»*ck of it under 
the furfacc of the water in the b.ilon, and »h«* water of the 
baton was immediately driven up into r flafk by the pref. 
tore of the air. Now he never made fucli an experiment 
then nor deliguedly afterwards, which ! thus prove. — 

“ T made the experiment purpohfty well nb 'id half a 
glafs of wine in a flalk, which I la ; d upon the fin* td! it 
boiled into fleam ; then putting on a thick glove to prevent 
the neck of the flafk from burning me, I plunged the im ith 
of the flafk under the water that filled a 1 aiou, but tie 
preflure of the almolphere was fo flrong» that it be.it ihc 
flafk out of my hand with violence, and thiew U up to ihc 
ceding. As this mult alio have happened to < tpr .1111 Sa- 
very, if ever he had made the experiment, he would n.*t have 
failed to have told fuch a remarkable incident, winch would 
have cmbelhfhed his flory.” 

This coucluiion of the doArr’s is altogether unphilofo- 
pineal, uid does not at all invalidat : captain Savery’s dccouiit. 
We know that the marquis of Worcefter gave 110 hint con* 
coming the contru&ibility or fudden coiideiifation of fleam, 
upon which all the merit of the modern engine depends* 
The marquis of Worceller’s engine was actuated wholly 
by the el a flic power of fleam, which he either found out y 
or proved by the burfling of a cannon, in part filled with 
water ; but lie gave not the leaft hint that fleam lo expanded 
is capable of being again fo far centraded in an inflant, at 
to leave the fpace it occupied in a vellei in a great meafure 
a vacuum. This grand difeowry was referved to captain 
•Savery, and his account of its accidental origin is pot at all 
improbable. The captain tells us in the Mii.tr’- Friend, 
that he did not bring his dclign to bear, until after a great 
number of fatiguing inquiries : and he ad 11 ally eroded 
feverni machine? before he obtained his patent m Ji ,ly 
1698. Many objedions were made agamit tlie yg’irt of that 
patent !> ing palled ; but in the h< ai i ig of tin fe objections, 
the difeovery of the marquis of Word (ier’s prior claim was 
not mentioned : and, indeed, it is certain that the account 
given in the Century of Inventions could in#: mflrud a 
perfon who was not fuflicirutly acquainted with the pro- 
perties of fleam to be able to invent the machine himlelf. 

Defaguhcr feems to have been too hafly in concluding 
that the captain had never made fuch an experiment as that 
of the wine- flafk, bccdufe, in the Anglo in fiance in which he 
tried it himfelf, he found the eftfed of the condei. Cation took 
place in a much higher degree than reported by the captain. 
It is not difficult to conceive that a very lmall difference in 
the heat of the fleam which filled the flafk, and other cireum* 
Itnnccs, might create the whole of the difference in the 
refill t. And, on the whole, there is no rc-lbn to he fit ate 
in believing that the captain adualiy took his hint of the 
condenfation of fleam from fuch an accident, and being 
of a very mechanical genius, he would naturally turn his 
thoughts towards the confidrration of Inch a power; and 
the molt obvious application of it would be to a machine on 
a conflrudion fimilar to that deferibed by the marquis. Or, 
if he really had b *cn acquainted with, and conlidcml the 
marquis’s engine, In* would eafily fee that the new principle 
of coudciiUtiun might, with great advantage, be combined 
v. <h rhe tonner, and thereby produce an effed more power- 
ful than either of them could do alone. The only thing in 
the dodor’a ;xeou.<t which cannot now be dif proved is, 
tin t captain Savery cjiftroyed the marquis of Worcefter’* 
h* oks. Ew.i if this h true, it may he accounted for; 
the captai 1 muff, firlt or laft, have become acquainted with 
what hiid been before made public by the marquis of Wor* 



66 

cefter ; and after having in his books fpoken of his invention^ 
and his new power or caufe of motion, and finding the 
marquis’s inventions to be but little known, he might be 
tempted, in order to fccure the whole credit and expected 
advantage to himfelf, to buy up the inarauis’s books and 
bum them. But the grounds for this aliertion arc very 
flight, and will never prevent the conclufion, that the 
great principle of obtaining force from the preflure of the 
atmofphere, by the condeufation of the fleam of boiling 
water, was a difeovery for which we are indebted to captain 
Savery, who had alfo the merit of firft reducing it to prac- 
tice in a moll complete manner, in combination with the 
prior diicovery of the marquis. 

M. Amontons' Fire-Wheel. — The French writers who 
have treated of the fleam -engine, feldom fail to mention Pa- 
pin and M. Amontons as the firlt inventors of the method of 
raifing water by ftearn, and fpeak of Savery as a perfon who 
put their ideas in execution, and brought them to perfe&ion : 
we think it right on this account to iiate what was done by 
M. Amontons and Papin, although the attempts of the latter 
to employ the force of fleam are not entitled to any notice, 
either from their originality, or from their real merit. It is 
probable, that the news of the patent granted to Savery in 
1698, for raifing water, and occafionmg motion to mill- 
work by the impelling force of frre, excited the attention of 
the French academicians, before the means by which it was 
to be accomplifhed were made public, fo as to be known 
abroad, and that they were thus induced to attempt the 
fame thing ; for in June 1699, which is the fame month that 
captain Savery Chewed his machine at work before the Royal 
Society, M. Amontons delivered a memoir to the Royal 
Academy of Sciences at Paris, entitled “ A commodious 
Way of fubftituting the Adtion of Fire inftead of Men and 
Horfes to move Machines.” 

This may be regarded as the firlt attempt to produce a 
circular motion by the means of fire, otherwife than by the 
aeolipiie, or the fly of a fmoke-jack : but as the motion of M. 
Amontons* wheel was to be produced by the alternate dila- 
tation and contradlion of air, and not of the fleam of boil- 
ing water, it is nothing in common with Savery’s machine, 
except that the firft caufe of motion is that of fire. 

M. Amontons’ fire-wheel, as he called it, confifts of a 
number of clofc buckets, or chambers, placed in the circum- 
ference of a hollow wheel, and communicating with each 
other by valves opening in one diredlion ; and a fufficicnt 
quantity of water is put into thefc buckets to fill about 
one half of the number : another circle of fimilar buckets, 
but of larger dimenfions, are placed on the outfide of the 
circle of the former buckets ; thefe large buckets contain air, 
and each one has a pipe condudled from it to one of the water- 
buckets which arc nearer to the centre : a part of the circum- 
ference of the wheel, which is about the level of the centre, 
is expofed to the fire of a furnace, fo that each air-bucket 
that pafles will be heated 5 and alfo the lower part of the 
wheel is immerfed in a ciftern of cold water, fo as to cool 
the fame bucket again. The a&ion of the machine may 
cafily be underftood. The air contained in the large bucket 
which is oppofite the fire becomes heated and expanded, and 
by the pipe of communication it enters into that water- 
bucket which is at the lower fide of the wheel, and preffing 
upon the furface of the water therein, caufes it to mount 
up through the other chambers, in the dire&ion in which 
the valves open from one chamber to the next ; the water, 

S thus accumulated in the chambers at one fide of the 
, will give it a preponderating power to turn round upon 
its axis. This motion brings another air-bucket oppofite to 
the fire, and the air therein expands in its turn, and again 
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elevates the water in the interior chambers as much as it 
had defeended by the motion of the wheel ; a continual 
fucceffion is thus kept up, and the air-buckets which have 
pafled the fire defeend into the cold water, and the air is 
thereby cooled and reduced to its former bulk. By the 
communication with the water-buckets, the preffure of the 
expanded air is removed from within them, and puts them 
in a fituation to repeat their a&ion. 

This machine is ingenious, and if a better application of 
fire, by rarefying water into fleam, had not been difeovered, 
it is poflible that the invention of M. Amontons might 
have been further profecuted. From his computations it 
would appear, that the machine he propofed would adl with 
a con fiderable power ; but as heexhibited no working model, 
or adlual trial, it was never proved that the machine, if put 
into practice, would be capable of producing any thing near 
the effeft promifed by his calculations. Leupold, in his 
“ Theatrum Hydraulicarum,” 1724, propofed an improved 
form of this fire-wheel ; and fteam-engine 9 have been fince 
made with mercury, or fluid metal, contained within a hol- 
low wheel, which is to be always kept on one fide with the 
mercury by the force of the fleam : they have not been 
found to equal other modes of applying the force of fleam. 
Such of our readers as are curious to know more of the 
conftrudlion of M. Amontons* machine, can confult the ori- 
ginal memoir ; and they will alfo find a full account of it, 
with a figure, in Martin and Chambers's Abridgment of 
the Philosophical Hiftory and Memoirs of the Royal Aca- 
demy of Sciences at Paris, vol. i. 

Papin's P retentions to the Invention of the Steam-Engine . — 
M. Papin, to whom the French attribute the invention of 
the {team-engine, was a dodlor of phyfic, and profeffor of 
mathematics at Marpurg, in Germany, and in 1680 he was 
eledled a fellow of the Royal Society of London. In the 
following year, and whilft in London, he invented and pub- 
hflied a method of diflolving bones, and other animal folids, 
in water, by confining them in clofe veflels, which he called 
digeflers, and which he made fufficiently ilrong to retain 
the fteam and prevent all evaporation, fo as to acquire a 
great degree of heat. About the fame time Dr. Hooke, 
the moll inquifitive experimental philofopher of that in- 
quifitive age, obferved that water could not be made to ac- 
quire above a certain temperature in the open air, and that 
as foon as it begins to boil, its temperature remains fixed, and 
an increafe of heat only produces a more violent ebullition, 
and a more rapid wafte. Papin*s experiments with his di- 
gefler rendered the elaflic power of fteam very familiar to 
him, and when he left England, and fettled as profeffor of 
mathematics at Marpurg, he made many attempts to em- 
ploy this force in mechanics, and even for railing water. 

By his own account, it appears that he had made fome 
experiments with this view in 1698, by order of Charles, 
landgrave of Hefle, but without effe&ing any thing. This 
is all the reafon the French have to confider him as the firft 
inventor of the fleam-engine. Nine years after Savery’s pa- 
tent he publifhed an account of his invention, in a tra&, en- 
titled “ Ars nova ad aquam ignis adminiculo efficaciffime 
elevandum ”-— " A New Method of raifing Water by the 
Force of Fire,” printed at Caffel, 1707. This machine, 
which is deferibed in Belidor’s “ Archi te&ure Hydraulique,” 
vol. ii. does not effentially differ from that of the marquis of 
Worcefter, but is far lefs perfeft than Savery ’e : it works 
wholly by the repellent power of fteam : the only advantage 
is, that the receiver being made cylindrical, the fteam is Se- 
parated from the cold water by a floating pifton, and that 
the water is made to flow in fome degree conitantly, by being 
thrown into a large air-veiiel. In this publication, Papip 
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admits that he had feen a draft of Savery’s engine, but fays, 
that in the year 1698 he made a great number of experiments, 
by order oF his ferene highnefs Charles, landgrave of Heffe, 
in order to raife water by the force of fire, which he com- 
municated to feveral perfons, and particularly to M. Leibnitz, 
who anfwered, that the fame thought had occurred to him- 
fclf. He alfo acknowledged that captain Savery was about 
that time working upon the fame fubje& in England, and t hat 
Savery had firit publifhed the fruit of his re Tearches 5 that 
from 1698 the affair had lain dormant till the year 1705, 
when he received a letter from M. Leibnitz, then in Lon- 
don, which contained a draft of captain Savery’s engine, and 
dcfired Papin’s opinion upon it. On (hewing this draft to 
the landgrave, he ordered Papin to refume the work, and 
perfect the inventions which he had begun ; and which Papin 
then publifhed, not with a view to make it fuppofed that 
captain Savery had taken the thoughts from him, but to fhew 
the world its obligation to the landgrave, in havi ngfrjl 
formed a defign fo ufeful, and in having brought it to its 
prefen t degree of perfedtion ; and he labours much to fhew 
that his engine is preferable to that of captain Savery. Al- 
though we muff allow Dr. Papin to compliment his patron 
and himfelf upon the fuccefs they met with, after encoun- 
tering many unforeseen difficulties and experiments, which 
fucceeded, as he tells us, quite contrary to their expectations, 
yet it cannot be allowed that Papin’s experiments in 1698 
were the firii, becaufe the marquis of Worcefter’s publication 
was earlier by no lefs than thirty-five years ; nor were they 
probable to have been fo early as Savery’s beginning, fince 
we cannot fuppofc that he would be at the expence of a pa- 
tent, without fome previous experiments to confirm his (pe- 
culation, or that he could bring his engine to the degree of 
perfe&ion in which he exhibited it to the Royal Society on 
the 14th of June, 1699, in lefs than a year, at a period when 
workmen were not ready or fkilful in the execution of fucll 
machines as they now are in this country. 

We have copied the figure of Papin’s engine from Belidor, 
that our readers may be able to compare it with captain Sa- 
very’s, andjudge of the authority upon which M. Boffin has 
faid in his Hyoronamique, that the firft notion of the fleam- 
engine was certainly owing to Dr. Papin, who had not only 
invented the digefter, but had, in 1695, publifhed a little 
performance deferibing a machine for raifing water, in 
which the piilons are moved by the vapour of boiling water, 
alternately dilated and condenfed. Now the fadt is, that 
Papin’s publication on the (team-engine was in 1707, in 
which he concedes the invention to Savery. He had occa- 
fionally before that publifhed feveral inventions in the Ada 
Eruditorum, in which cylinders and piilons were to be em- 
ployed, but they were not intended to be worked by fleam, 
but by gunpowder and air, as we (hall fhew hereafter. 

Description of Papin's Engine . — The intention of Papin’s 
fleam-engine was to turn a water-wheel by a flream of water 
iffuing with violence from an aperture or jet, the force of 
fleam being employed to throw the water into an air-vefTel, 
from which it was to iffue by the re-adtion of the coir.preffed 
air. A fpheroidical veffel, A, (Jig* 2.) of which the longeft 
axis is fuppofed to be 26 inches, andtheleffer axis 20 inches, 
is placed in a furnace, fo that the fire can furround every 
part : this veffel or boiler, which is made of copper, fhould 
be two-third» full of water, which is introduced by a tube 
B : a fiplion, C D, communicates from the boiler A to a 
cylinder G H, of 20 inches in diameter, and about the 
fame in height, which performs the office of the barrel of a 
pump, and in which plays a copper piilon, S T, made hol- 
low within, that it may float upon the water : the bafe of 
this cylinder} which has no bottom, is joined to the extremity 
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of a curved tube, I K O, which goes through the bottom 
of another cylinder, M N, of three feet in height, and 2$ 
inches diameter, which is clofed at all parts, fo that the air 
cannot enter. A veffel Y, made like a funnel at the top, 
is adapted to the tube I K O, and ferves to introduce water 
into the body of the pump G H, beneath the pifton S T, 
which water can never rife above the pifton. A cock at E 
alternately opens and fhuts the communication through the 
fiphon C D, between the boiler A, and the body of the pump 
G H. When the communication is open, the fleam formed 
in A paffe8 into the upper part of the body of the pump, 
and preffes the piilon, which difplaces the water: this water 
cannot return into the veflel Y, becaufe a valve at R prevents 
it; it therefore rifes by the tube I K O, and difeharges 
itfelf into the cylinder M N, where it fills a part of tne 
(pace occupied by the air contained in that cylinder, which, 
in confequence, acquires a great elaflicity. 

A 8 foon as the piilon is arrived at the bottom of the body 
of the pump, the cock F is to be fhut, to flop the paffage 
of the lteam, and another cock, P, at the top of the body 
of the pump, is to be opened, to permit the efcape of the 
fi cam which has performed its office ; then the weight of the 
water with which the vcfiel Y is always filled, opens the valve 
R, and introduces itfelf into the body of the pump G H, 
and makes the pifton S T to rife up again : the water con- 
tained in the tube K O is not to be confidered in this effedt, 
becaufe a valve at K prevents it from defeending. When the 
water which is introduced into the body of the pump is 
come to an equilibrium with the water in the veflel Y, the 
cock P is to be fhut, and E is to be opened 5 the fleam 
comes again to prefs on the pifton, which it forces to de- 
feend, and, as in the former inftance, expels the water 
through the tube K O into the cylinder M N, where it 
cannot introduce itfelf without furmounting the refiftance 
arifing from the clallicity of the air of which it comes to 
occupy the place. 

The cylinder M N, which is three feet high, can contain 
about 86 cubic feet of water, or about 2.86 cubic feet at 
every foot in height ; therefore, when it is filled to within 
two feet of the top, the air will be reduced to occupy only 
one-third of the fpace in which it was at firft fhut up, and 
it will have acquired an elafticity capable of making it fuf- 
tain a column of water of 64 feet, in addition to the 32 
feet with which it is in equilibrium in its ordinary Hate of 
compreflion : under thefe circumftances, if the cock Q is 
opened, the water will fly out, at the firft inftant, with the 
fame velocity as if it was 64 feet high in the cylinder M N ; 
but by degrees, as the water pafles out, it will be driven 
with lefs velocity, becaufe the air occupying a greater 
fpace, its elafticity diminifhes: but according to Papin’s 
natement, there fhould always be at leaft a foot of water in 
the cylinder, and the air, in its fmalleft condenfation, fhould 
not occupy more than two-thirds of the fpace which it oc- 
cupies in its natural ftate ; and in that cafe it will have a 
fumcient preffure to fuftain a column of 16 feet of water. 

M. Papin’s machine is, on the whole, far inferior to the en- 
gine of captain Savery, as it wants the advantage of the grand 
principle of condenfation, and is only a return to the marquis 
of Worce Iter’s idea : it cannot therefore be called an improve- 
ment on Savery’s, although it mud be allowed that the repa- 
ration of the hot fleam from the cold water by a diaphragm, 
pifton, or float, is a confiderable improvement on the marquis 
of Worceiter’s, and would be alfo an advantageous addition 
to Savery ’s, if the condenfing water could be as well applied 
to run down the outline of a cylindrical veffel as an oval one. 

Long after Papin’s publication, fome Englifh engineers 
made tms addition to captain Savery’s engine, and attempted 
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to introduce it in opposition to the cylinder or atmofpheric 
engines, of which we (hall hereafter fpcak ; but the con- 
fumption of fuel was too great to balance the advantage of 
Simplicity in the ftru&ure of the engine. 

Captain Savery mult have been employed a considerable 
time with his machine prior to the 14th of June 1699, and 
even previous to his patent, as may be inferred from his 
Miner’s Friend, printed in the year 1702, where, in his 
addrefs to the Royal Society, he fays, that fince the time 
he exhibited his model to them, “ I have met with great dif- 
ficulties and expence to inftruft handicraft artificers to form 
my engines according to my defire ; but my workmen, after 
much experience, are become fuch matters of the thing, that 
they oblige themfelves to deliver what engines they make me 
exadtly tight, and fit for fervice, and as Inch 1 dare warrant 
them to every body that has occafion for them.” 

In his addrefs to the gentlemen adventurers in the mines 
of England, he fays, that the frequent diforders and cum- 
berfomenefs of water-engines then in life “ encouraged me to 
invent engines to work by this new force ; that though 1 
was obliged to encounter the oddejl and almoit infuperablc 
difficulties, I fpared neither time 9 pains, nor money , till I had 
abfolutely conquered them.” 

Application of Savery' s Engine, and its Defefts. — Refpeft- 
ing the real ufe which was made of captain Savery's in- 
vention, it appears that a number of (mall engines were 
erected, under the authority of the patent, for the fupply of 
noblemen's and gentlemen's feats in different parts of Eng- 
land, and for f uch purpofes they fucceeded very well ; but for 
the fupply of towns, and the drainage of mines, where great 
quantities ©f water, and great perpendicular p ref fures were 
required, they were not well adapted. With relpc& to the 
railing water for turning mills, an application which readily 
fuggetted itfelf to the ingenious inventor, we do not think 
it was ever attempted, for at that period there were fcarcely 
any mills which could have fupported the expence of the 
ere&ion, and maintenance of fuch engines, even where coals 
were cheap. 

For the drainage of fens they were not well adapted, be- 
caufe the height to which water is molt generally required 
to be railed m fuch cafes is fmal), and the quantity very 
great ; on this account feveral engines would always be 
wanted for one drainage, and a great part of the power 
would be loft, becaufe the perpendicular height would be very 
much lefs than the height to which the atmofpherc would 
raife the water. To {hips we may conjecture that they never 
were applied, and this reduces their ufe to a very fmall 
compals. 

The principal rcafons why they could not be fo generally 
employed in mines as the captain was led to expeCt, and 
which he laboured to. bring about, was, that the working 
part of the engine mutt necefl’arily be placed from 22 to 26 
feet above the bottom of the mine ; and if, by any accident, 
the water fhould happen to rife above that level, the engine 
would be drowned and irrecoverably loft, without fome other 
engines to recover it. 

As the power of fuftion in this engine cannot extend 
more than 26 feet, the reft of the perpendicular lift mutt 
be obtained by the expanfive force of the fteam ; and for 
every 33 or 34 feet of altitude of this column, a preflure 
equal to the atmofphere mutt be exerted on the infide of the 
boiler and receivers, tending to burtt them open. 

It is not found practicable, in conftant work, to force 
the water by ileam of more than three atmofpheres’ preflure, 
or about 67 feet above the engine ; and this limits the whole 
power of an engine, on Savery’s plan, to about 90 feet. 

Qn this account it wpuld require a feparate engine for 
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every 14 fathoms of the depth of a mine, and they mutt 
raife from one to another ; but if any one engine is de- 
ranged, the reft mutt ftop likewife. 

Another difficulty was in the quantity of water which 
could be raifed with fafety : the fize of his largctt boiler did 
not exceed 30 inches diameter, and the capacity of the re - 
ceiver could be but fmall ; and, therefore, the generality of 
mines would require more than one engine at the fame level. 
The charge, trouble, and difficulty, attending fuch a num- 
ber, would naturally prevent their introduction, even in 
cafes where they would really have been of great fervice. 
Add to this, the confumption of fuel in Savery’s engine? 
was enormous, compared with the modern engines ; and 
they were always in danger of blowing up, particularly 
when they were employed to raife water to any confidcrablc 
height. 

Snppofe, for inflance, the water is to be raifed 100 feet ; 
2$ may be done by Indian, and the remaining 75 feet mutt 
he lifted by the force of the Ileam. To effect tins, the 
preflure within the vcflcl mutt be more than three atmo- 
fpheres ; and it will be feen by our table, that every fquarc 
inch of the interior furface of the boiler and receiver will 
be preffed with a force of more than 32 pounds, tending to 
burtt them open. This moderate height will, therefore, 
require very ftrong veflcls, and all the joints mutt be made 
with the greatett care ; for although it is true that the pref 
fort, is much lefs than is ufual in pumps, and other hydraulic 
machines, in which there is a greater column of water, yet 
there is much greater danger of the veffels being burtt by 
fleam of fuch great elallicity, than by an equal preflure of a 
column of water ; becaufe the force of the fteam is always 
liable to be fuddcnly increafcd to a very great extent, 01; 
any acceffion of the heat ; and the heat alfo tends to weaken 
the veffels, particularly the boiler, which fooner or later 
mult be reduced in thicknefa at the bottom, and will then 
burtt. 

According to Mr. Dalton's experiments, from which we 
have formed our tables of the expanfive force of fteam, it 
mutt be heated to a temperature of 287° of Fahrenheit’s 
thermometer, before it can overcome a column of water of 
75 feet in altitude ; and as this fteam mult come immediately 
in contact with the furface of the cold water in the receiver, 
which is perhaps as low as 40°, the condensation of the 
fteam is exccffive for fome time, and mutt continue until the 
furface of the water acquires nearly the fame temperature as 
the fteam ; which, however, it will foon do, becaufe the 
heat is tranfmitted downward very flowly in fluids. When 
the furface of the water i*? fufficiently heated, the fteam, 
which before was condenfcd as fait as it came in contaft with 
the water, will begin to prefs upon the water ; and as the heat 
and elatticity increafe, it will lift the column. But when it 
has expelled any of the water from the receiver, a new fource 
of condenfatiou is produced, from the cold furface of that 
part of the receiver which was before filled with the cold 
water 5 and this condenfation will be even more rapid than 
the former, becaufe the veflel, being neceflarily made of 
metal, will tranfmit the heat more rapidly than the water 
did, and delay the procefs of forcing out the water until 
the interior furface of the receiver is made as hot as the 
fteam. Captain Savery feems to have been fully aware of 
this, as he fays in the “ Miner's Friend,” that you may- 
fee on the out fide of the receiver how the water goes out, 
as well as if it was tranfparent ; for as far as the fteam is 
contained within the veifel, fo far it is dry without, and fo 
hot as fcarcely to endure the leaft touch of the hand ; but 
as far as the water is, the faid veflel will be cold and wet 
where any water has fallen on it, which cold and moifture 

vani(h 
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vam/h as fall as the fleam, in its dctcent, takes’ the place 
ei ihe water. Alio, h* (ays, the force of the iteam prefles 
upon llit* furfur • of the water, which furface, being only 
heated by ilie d *am, it does not rmidc fc. 

fwpnromt’ni upon Savery's Engine . — The rapid condcnfa- 
tio 1 wliicli liurt take place, when fleam of a gri at olatiic 
fore- is broug.it into immediate contact with the water, is 
an l'duperablc bar to the railing of water to any conliJer- 
able height, on Savery’s plan. The moll obvious improve- 
ment was to employ a cylindrical receiver, with a floating 
pilton, in the manner of Papin’s : but this was only a 
partial remedy, becaufe the con&mfation from the (idea of 
the veflel itill took place; and it was not until the piilon 
was made to fit exactly into the cylindrical receiver, and 
the water kept out of it altogether, that the Itcam-engine 
was rendered an efficient machine. But this change, whuh 
was invented by Newcomen, introduces much complexity 
into the work. It becomes ncceffa»y to have a feparate 
receiver, with a piiton, or, in other words, a pump, to rade 
the water, and alio machinery to communicate the motion 
of the (team-piflon to that of th(* pump. The (implicit y of 
Savery’s engine, and the certainty of its a&ion, rendered it 
very deli ruble to obviate in defects fo far that it could be 
employed for mines, even after the more perfect engine; 
were introduced. To av ud returning to the description of 
Savery’s engine, we fhall give a brief account of thefe at- 
tempts, before proceeding to the other engines. 

The fir ll improvement of Savery’’ engine was to intro- 
duce a fmall jot of cold water into th« iniide of the receiver, 
to perform the condcMifatMii, iuliud of i In owing cold water 
upon the out fide of he receiver : by thn means a itv *v per- 
fect eondenfatum is obtumid, and w.t'i a 1« b waflc ol cold 
water than by trn* ongnial plan. Tiie water is conveyed by 
a fmal! pipe, which branc^e; out fiom the great forcing- 
pipe, and enters into the reieivei, wlmr • it tur.i* down, a. id 
terminates with a ball, perfo atid in all d>rectn>n% like 1 lie 
fpuut of a watv ring-pot, lo as to difpiHe the water in a 
fhow*r within tlie receiver. A cock is placed to flop the 
communication at pleafnre; and this cock ns opened to ad- 
mit the cold water, when the fleam is to be comic if*»d. 
But it mull be obferved, t fiat water cannot enter thr.m ;!• 
this cock into the receiver the firfl mflaiit that it is opened, 
becaufe the p-cHuro of the water in the force-p'ne mult be 
lefs than that of the tleam within the receiver, and, therefore, 
the inje&ion will not commence until after the fleam-cock 
is (hut, and then the condenfation, or 1 >ls of heat, winch 
always takes place within the receiver from the cold <ef« of 
the water, wnll very foon dimmifh the heat, and coide- 
qucntly the prefline of the fteam fo far, that it will no long *r 
balance the pieflure of the fame column of water, winch 
it bad iu it before lifted into the force-pipe. Tins biiug 
the calc, the wje&ion- water begins to run, and falls in a 
(hower through the fleam contained in the receiver. The 
fuddui c iTed of this (bower to produce the condenfation is 
really furpriling. The injection, being a portion of the 
fame water which has jufl before quitted the receiver, mull 
ha\e the fame temperature as that which was then in contact 
with the fleam; and the* difference in the rapidity ot the 
condenfation arifes only fro.n the difperfion of the water 
into drops. When the cold water is contained in the lower 
part of the veflel, trie furface only of the water is expofed 
to the fteam, and loon becomes fo heated that it will not 
condenfe with that greut rapidity which it does at firfl. 
On the other hand, a quantity of water difperfed in drops 
will be completely expofed to the fleam, and will take up 
therefrom, in an mflant, as much heat as will reduce the 

temperature of the (team, and increale the heat ot the in- 
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jeclion-water, until they approach to an equality of tem- 
perature. This being the cale, it will tafily be feen that 
tlie drgrcc of condenfation which can be obtained within 
the receiver will be in a ratio to the colcinefs .md quantity of 
the injection-water; but the quantity rcqm.id for injr&ion 
is far lels than when applied cm the outlide ot the recc ver, 
becaufe the receiver will not tranfmit the heat ot the (b am 
through il fo quickly, but the water milt run i.oau the 
ouchde of the receiver, iu.d defeend into the a ell, without 
bang much warmed, and without having extt acted much 
heat from ihe fleam within. 

The next improvement m Savory’s engine wa-» the addi- 
tion of the fafety-valve to the boiler. This was invented 
by Papi.i for his digdfer, to permit tl < flcvm to cTcape 
from the boiler into tlie open air, when it aruve., at inch a 
degree of preflure to endanger the rupture of ihe vrficls. 
The (afeiy-valve, which i» (hewn in the figure of Papm’s 
engine,^;. 2, is nothing more than a valve opening * ut- 
wards, and well lilted to dole an aperture which is mad*- in 
the top of the boilei, and is kept 'hut by a weight or a 
lever, winch id loaded with a weight, capable ol Hiding 
upon the lever in the mauuci of a fled yard; fo that the 
preflure of the weight upon the valvt can be regulated at 
ph\dure, according to the ff>\.ngth of fteam which is ic- 
q mred : but, in all t afes, il mull be loaded fo as to permit 
the fleam to lift it up dial eft ape, when it arrives at a pref. 
iure which would endanger the boiler or receiver. With 
a view to flrengthen the boiler, hoops and internal radiating 
hurt wore tried, according to the idea of the marquio of 
Worceibr; but tins was found of vet y little fervice, be- 
caufe, on account of the condenfation of the fleam, it it 
much better to divide the mine into engines of from 70 to 
80 feet lift, according to captain Savory’s firll proportion, 
than to at lamp? uling ileam of that degree of elafticity, 
which will require any futh precaution. 

In the Plulof qdueai Tran factions, N 461, there is an 
account of a new way ot producing fleam of a great pref- 
fure. 'The boiler con flits of an inverted conical vt-ffel of 
iron, ;o the bale or upper part of which a clofe and firong 
copper-head or hcmifphcre is joined by rivets all round : 
the Tnvt r part, or cone, is fet 111 n reverberatory-furnace, to 
receive a in flic lent heat from the flame to make it red-hot. 
The water is introduced into this boiler iu a number of 
imall lire mis, or jets, winch are injected into it by a pipe, 
which delcends through the cover, or fpherical top, of ihe 
boiler ; and in the middle of the cone feveral fpouts are fixed, 
radiating from it like the arms of a wheel : the pipe mull 
be carried up above the boiler, fo as to have a column of a 
fufticicnt height to overcome the preflure of the fleam, and 
alfu enter into the boiler with a confiderable force ; and by 
the radiating fpouts it is difpcrled 111 a (hower upon the 
interior furface of the iron cone, and is thus converted into 
ilearn, which flies up to the copper-head, and is carried off 
bv a pipe to the engine. The inventor propofed to make 
the tube with ihe radial. ng fpouts to revolve, for the purpofe 
of diilributing the water more completely ; but he probably 
never tried the experiment, or he would have found that 
tlie boiler would have been foon deflroyed by the rapid 
oxydation of the iron which mufl take place from throwing 
water upon it when red-hot ; and copper would have melted. 

In 1717, Dr. Defaguliers made an engine on Savery’s 
plan in an improved form. He fay9, that in confidering 
Savery’s engine with Dr. Gravcfande, they thought there 
was a great wade of fteam, by its conftantly acting upon the 
receivers without intermiffioti, the (learn becoming ufclefi 
until it had heated the furface of the water in the re- 
ceiver, aud alio to a certain depth below the furface : bui 
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if it were fo contrived, that after the fteam had prefled up 
one receiver full of water, inllead of being thrown into 
another, it Ihould be confined in the boiler till the receiver 
was refilled by the atmofphere, and thus turned upon the 
water, the fteam would have acquired fo much force from 
its confinement, that it would prefs fuddenly upon the fur- 
face of the water, and difeharge a confiderable portion of it 
even before it had heated the furface. In purfuance of this 
idea, they hud a model made which could either be ufed 
with one or two receivers, and found, on experiment, that 
one receiver could be difeharged three times in the fame 
time that two could be dilcharged once. They alfo learned 
that captain Savery had made an engine at Kenfington 
with only one receiver, which afted very well. De fa- 
gullets then made fevtral engines with a fpherical boiler, 
provided with a fafety-valve, and a receiver of about one- 
fifth of the capacity of the boiler, and of a cylindrical 
figure, tall, and of fmall diameter in proportion. The 
fteam and the injeftion-watcr were alternately admitted 
into the reecur at top through a double-pa'laged cock, 
the handle of which being turned towards the boiler, ad- 
mitted Iteam ; or, being turned towards the force-pipe, 
admitted the jet of cold water ; but only one of thefe pal- 
fages could be open at the fame time. The fmall branch 
from the forte pipe which conveyed the injeftion-water to 
the double-paflaged cock, had another cock in it to adjult 
the apertuic, and regulate the quantity of water which 
fhould flow into the receiver. The fuftion-p ; pe and force- 
pipe were the lame as Savery’s ; but the valves were con- 
veniently fituated, fo as to be readily acceflible when they 
required repairs. Dr. Defaguliers tells us that he made 
feven of thefe engines : the firll was for the czar Peter the 
Great, for bis garden at St. Peterlburgh, where it was fet 
up. The boiler of this engine was fpherical (as they were 
all in his way where the fleam was fo much ilronger 
than air), and held between five and fix hogfheads ; the 
receiver held one hogfhead, and was filled and emptied four 
times in a minute. The water was drawn up by fusion, 
or the preflure of the atmofphere, twenty-nine feet high out 
of the well, and then prelied up eleven feet higher. The 
pipes were all of copper, but foldered to the fuft ion- piece 
with foft folder, which held very well for that height ; but 
he did not venture either upon a greater quantity for that 
height, or a greater height for that quantity ; for if the 
quantity was larger than above, the boiler mull have been 
greater, and the fleam of the fame force would have had a 
reater furface to aft upon, which might have burfl the 
oiler, or would have required it to be made much thicker. 

Another engine of this fort, which he put up for a friend 
in 1730, drew up the water twenty-nine feet from the well, 
and then it was forced up by t lie preflure of the fleam 
twenty four feet higher, into a cittern holding about thirty 
tone, placed at the top of a tower, in order to run down 
again through a pipe or conduit, and play fevoral jets in 
the garden. But fometimes, no jets being played, the 
water was difeharged at the height of fix or eight feet out 
of the foav-pipes to fill the ponds and water- mead- ovs in 
dry weather, which it did with a leis llrength of llream 
than what drove the water into the tower ; or if the fame 
fteam was kept up, it would make eight or nine ftrokes in 
a minute, mil cad of about fix, as when the water was driven 
up into the ciftern. Upon the fafety-valve there was a 
fteelyard, the place of whole weight (hewed the llrength 
of the (learn, and how high it was capable of railing water ; 
but when the weight was at the very end of the fteelyard, 
the fteam, being then very ilrong, would lift it up and go 
out at the valve, rather than damage the boiler. Twenty- 


STEAM ENGINE 

five years after this engine was made, a man, who was 
entirely ignorant of the nature of the engine, without any 
inllruftions, undertook to work it ; and having hung the 
weight at the farther end of the fteelyard, xn order to 
colleft more fleam, to make his work the quicker, as 
alfo a very heavy plumber’s iron upon the end of the 
fteelyard, the fteam not being able to lift the fafety-valve, 
the fteelyard, loaded with all this unufual weight, burll the 
boiler with a great explofion, and killed the poor man who 
flood near with the pieces that flew afunder. 

Thefe accounts (hew how high, and in what quantity, 
this kind of fire-engine can (afely raife the water. About 
as much fire as a common large parlour-fire was fufficient 
to work this engine, and raife fifteen tons per hour ; fo that 
if the cittern was kept full, the jets could be made to play 
to entertain friends at any time, and then a man being fent 
to light the fire under the boiler, the engine would raife 
water to fupply the jets before the ciilern was empty. 

M. De Moura, of Portugal, fent an engine to the Royal 
Society upon the principle of Savery *s, but provided with 
apparatus to make it f elf- acting, and to open and (hut the 
valves at the proper inftant. The receiver, boiler, fteam- 
pipe, and injeftion-cocks, are the fame as we have before 
de (cribcd, together with the fuftion and forcing-pipes, and 
their valves. What i* peculiar to this engine is, a float 
within the receiver, composed of a light ball of copper, 
winch is not loofe therein, but faflened to the end of an 
arm or lever, which is made to rife and fall by the float, 
while the oilier end of the arm is fixed to an axis, and con- 
fcquently, as the float moves up and down, the axis is 
turned round one way or the other. This axis is made 
conical, and pafles thtough a conical locket, which i3 iol- 
dered to the fide of the receiver, and upon that end of the 
axis which projects beyond the locket ; and, therefore, at the 
outlidc of the receiver is fitted a fecond arm, which is alfo 
moved backwards and forwards by the axis, as the float 
rifes and falls. By thefe means the riling and falling of 
the furface of the water withiu the receiver communicates 
a correfpondent motion to the out fide, in order to actuate 
the reft of the gear, wlrch regulates the opening and (hut- 
ting of the fteam and injeftion-cocks. A imall ciitern is 
foldered to the outlidc receiver, and, being kept full of water, 
furrounds the joint, or conical locket, through which the 
axis of the float pafles : this keeps the axis and focket air- 
tight. The ciitern is conllantly kept full of water by 
means of a fmall leakage from" the force-pipe, through a 
wooden peg, arid the drops are conducted by a packthread 
down to the ciitern. A fmall weight l 1 ; applied to the arm 
on the out fide of the receiver, to counterpoife the float 
within ; alfo upon the fame arm is a Aider, which being 
fet nearer to, or farther from the axis, will rife or fall a 
greater or lefs fpact, as may be required ; when the float 
within rifes or falls, and the Aider can be fattened by a 
ferew at any part. A chain is attached to the Aider, and 
gives motion by means of a fhorter chain to a balance, or 
tumbler, which moves on an axis, and opens and thuts the 
cocks. The firft-mentioned chain pafles over two pullies, 
fupported by two arms, that are fattened to the fide of the 
receiver, which give a chain a proper horizontal direction : in 
order to move the balance to the end of the chain, a 
weight is faflened fuflicient to raife the balance to a perpen- 
dicular pofition, and alfo to overcome the friftion of the 
float, and its axis with the pullies and chain. 

The balance moves upon an axis, which i6 fupported in 
pieces projefting from the receiver ; and it has three arms, 
one of which applies with a roller to the handle of the 
fteam-cock, a fecond aftt upon the lever of the injeftion- 
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cock, and a third fhort arm has a piece of chain, to 
link it to the chain before-mentioned, at the part where the 
fame extended horizontally between the two pullies. The 
arms, which a& upon the cocks, are fo placed, as to fhut 
the fleam-cock the moment before the injection is opened, 
and vice verfa. 

To put the engine in motion, prefs down the arm of the 
axis, which raifes the float within the receiver, and the coun- 
ter-weight of the chain will bring the balance over to the 
right fide, and in its motion will open the fleam-cock, and 
(hut the injc&ion-cock : alfo open a fmall gauge-cock i:i the 
top of the receiver, that the air may be difeharged by 
the entrance of the fleam into the receiver. This being 
done, flint the air-cock, and let go the arm of the balance : 
the weight at the end of the chain will bring over the balance 
to the left, and in its motion will (hut the fleam-cock and open 
the inje&ion-eock, to admit a irnall jet of cold water into 
the receiver, which prefently conder.fing the fleam into water, 
in a great meafure leaves a vacuum in the receiver. In tins 
fit nation the preffure of the at mo fp here will daufc the water 
to mount through the fu&ion-pipe into the receiver, wh- re, 
as its furface rifes, it makes the floa* afcf iul, and di prefling 
the arm on the outfide of the receiver, draws the chain and 
raifes the balance, till it has pafled the perpendicular, when 
it will flill over fuddenly by its own gravity : m falling, the 
roller of one of its arms takes hold of the handle of the 
fleam-cock, and op*ms it, whilfl the other one fliuts the in- 
je&ion-cock. This fall of the balance takes place when the 
receiver is almoft filled with water, and the balance cannot 
return till the furface of the water therein fubfidet:, and flitters 
the float to defeend. This takes place as foon as the fleam 
ceafes to be condenfed by the cold receiver, and acquires 
fuflicient elaftic force from its heat to fill t he receiver and 
drive out the water from the forcing-pipe. When the furface 
of the water defeends the flout finks, and fuffers the counter- 
weight to draw up the chain. By the fhort chain it draws 
the balance beyond the perpendicular towards the left, 
when it falls of its own accord ; and in falling, the one arm 
takes hold of the handle and fliuts the fleam-cock, whilil the 
other opens the injection -cock, as before. 

In the “ Machines approuvees par l’ Academic for 1744,” 
is a description of an engine by M. Genomes, which very 
clofely rofembles M. De Moura’s, but is more completely 
deicribed. 

Mr. Blakey' s Engine on S a very's Principle . — Long after 
fleam-enginee fuperior to Savory’s had become general, an 
ingenious engineer, Mr. Blakey, made many attempts to 
introduce Savory’s engine in an improved form. He obtained 
a patent in 1766, from the fpccifieation of which it appears, 
tha* his improvement was to employ oil floating upon the 
furface of the water in the receiver, to form a piflon or diflc 
between the hot fleam and the cold water, to prevent the 
fleam being coil den fed as f >011 as it touches the furface of 
the water ; or air was to be admitted into the receiver for 
the Lme purpnfe. In thi*. cafe, two receivers were to be 
efed, one in the fume fituatiow as Savery’s, which was to 
receive the air ; and the hot fleam, when admitted into it, 
forced the air to defeend by a pipe to the fecond receiver, 
which was at the bottom of the well, and expel the water 
therefrom, and elevate it in the force-pipe. By this means 
he hoped to prevent the fleam coming in contaft with the 
water, and avoid the condcnfation. 

Mr. Blakey afterwards made fomc alteration in the form 
of his engine, which is dcfcribcd as follows by Mr. Fergufon : 
(fee Plate I. Jig. 3.) E is the boiler, fet in a furnace fo as 
to be furrounded with flame : F is the gauge-cock, to 
ascertain the deoth of water in the boiler : D the fleam* 
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pipe, to which is foldcred the cock and funnel C, for filling 
the boiler before the engine is fet to work: 1 is an air- 
veflel, and T T an injedtion-pipe, which pafles through acrofs 
the top of the receiver, and has (mall holes pierced in it for 
the cold water to drop through and fall in a fhower in the 
air- vc del I, in order to form a condcnfation : the end of the 
injection pipe is carried into the fleam-pipe D, to admit a 
imall quantity of water to run down the pipe D, andfiipply 
the boiler: V is a receiver, communicating with the air- 
vdlel I by a pipe ; in the upper part of it is a cullender S, 
with Imall holes to difperfr the i:ijedion-water, which falls 
from the air-veflcl 1, equally through the receiver V : O is 
a valve to admit air, which comes through the cock P into 
the receiver ; and H is an nccaflonal cock, to let out the air 
and fleam when the engine is lirfl fet to work : Q is a pipe 
from the receiver V, to the box which contains the valves B 
and N at the bottom of the fore. mg-pipe A, which conveys the 
wi'ter up to the rdervoir : M i. the fudbon-pipc, to draw 
the water from the w'ell up to the receiver : G is the fire- 
place belonging to the fui nacc, in which the boiler is fet, 
and beneath it is an afh-holc. It is ncedlcfs to fay any 
thing of the icnflold or the well, they being always made 
according to the fi/.e of the machine, and in proportion to 
the place in which it is to be erected. All the veflcls and 
pipes of tin, engine are made of itrong copper. 

In order to fet this engine at work, the refer voir and pipe 
A A mull be filled with water, which will be retained in 
the clack B ; then more water muft be poured into the 
funnel C, which is on the fleam-pipe D ; from thence it falls 
into the boiler E, and rifes to the level of the cock F, which 
mull be open ; but as foon as the water runs from it, the 
funnel-cock C, a*. well a the gauge-cock F, mull be fhut, 
and the air-gauge cock H nmll be opened. The fire is 
then to L* put into the furnace G, and as foon as the water 
is in ebullition in the boiler it create.'', fleam, which finds 
its way through the pipe 1), and forces the air out of the 
veflel I into tin* lower receiver Y r ; the air is alfo forced out 
at the cock H, the fleam following it with great velocity. 
In a fecond or two the cock H mull be fhut, and inflanta- 
neoufly the iiijedtion-cock L mull be opened, which lets cold 
water run through the end of the pipe T T, into the fleam- 
pipe D, to replace that which has been evaporated out of 
the boiler E ; and it alfo rn ilu s out on all fidcs from the little 
holes which arc in the fules of the pipe TT, into the air- 
veflel I, and falls on the cullender S : this cold water makes 
a fudden condcnfation in the veflcls I ard V, and forms a 
vacuum, which caufes the atniofphero to prefs on the water 
in which the lower end of the pipe N i* immerfed, and the 
water afeends the laid pipe with great rapid ; ty, and pafles 
through the clack N, and through the pipe Q, into the re- 
ceiver V, till it riles up to O, where is a floating-ball fas- 
tened to a handle or lever, which in rifing turns the key of 
the cock P, and opens it : there is a valve at tha^ end of the 
cock which is withmiide of the receiver V, fo that as foon as 
the cock is opened, the valve O is forced up by the air, 
which ruflms through with great quicknefs and noife into 
the veflel I ; and when that veflel i- full of air, the vacuum 
is deftroyed and no more noife is heard, which gives the 
notice to fhut immediately the inject ion-cock L : that being 
done, the fleam recovers its force, and makes its way 
through the fleam-pipe D, into the air-veffel I ; and as the 
fleam mcrcafes, being much lighter than *ir, it keep: upper, 
moft, and forces the air on the water which is in the re- 
ceiver V, which water is forced through the pipe Q, and 
lifting up the clack at B, goes up the pipe A, and empties 
itfclf into the refervoir at top. When all the water is ex- 
pelled out of the receiver V, the air follows, and afeends 
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with great velocity through the water which is in the pipe A : 
two or three fe conch after the noife of this is heard, the in- 
je&ion-cock L muft be opened to let in cold water, and 
caufe the fame efleft as before. The noife of the air rufh- 
ing in and nut of the receiver gives proper notice when the 
manager of this hand-engine is to open and fhut the injettion- 
cock, which is the only thing required to work this machine, 
when once it has been put in action, in the manner that has 
been deferibed above. 

This engine was not found to anfwer any better than 
Savery’s, becaufe the air will not make that complete re- 
paration between the fleam and the cold water which the 
inventor expelled ; and there is a great lofs of power to 
comprefs the air fufliciently to make it lift the column of 
water ; and in order to get rid of this air it mult be forced 
up the pipe, which takes as much power of {team as would 
be required to force up as much water as the air occupied 
the place of when in its condenfcd itatc. Mr. Blakey’s 
intention in the inje&ion of a fmall quantity of water into the 
boiler at every ftroke, was the fame as Mr. Payne’s red-hot 
boiler, of which we have before fpoken, but he was in 
practice obliged to employ a fleam-cock in the pipe D, 
otherwife the fleam which the boiler produces whilft the 
injection-cock is open would have been all condenfcd and 

hilt. 

Savory’s engine can be ufcfully employed for lifting water 
jo or 35 feet, which can be done principally by the fusion, 
and with a very flight preffure for the remainder ; but it is 
the moll advantageous way to raife no more than 24 feet, 
and perform the whole lift by the fu&ion, and even to allow 
the water a fuflicient defeent to empty the receiver by its 
own gravity, without forcing it in the lead by the fleam. 
In this form of the engine, the fleam need have 110 greater 
elaltic force than the atmofpheric air, or juft as much as is 
fuflicient to make it enter into the receiver, as the water 
runs out. The temperature of the fleam, according to our 
table, will then be only a little above the boiling point, 
or above 215°, and confequently the lofs by the condenfa- 
tion is not fo forious ; and as the fleam is not prefled upon 
the water, it is not brought into fuch clofe contact with 
the cold water, as in the forcing engines. In this way, 
the injection mull be forced in by a fmall force-pump. 

Mr. Kier’s Engine on S a very’s Plan . — An engine upon 
this principle, with various judicious improvements, was 
created fome years ago by Mr. Peter Kier, at his manu- 
factory of coach axletrees, near Pancras where, without 
any material repair, it has almolt conflantly been worked 
fiucc, to raife water and turn a water-wheel. The pro- 
prietor flatcs it to anfwer his purpofe very well, becaufe it 
works without an attendant, and regulates its own motions ; 
and, as might naturally be expelled, the wear and tear me 
alio inconflderable. 

Plate I. Steam-Engine, fig. 4. reprefents thi engine, 
taken in a feftion through the centre. R reprefents an oval 
boiler, feven feet long, five feet wide, and five deep. 
Mr. Kier confiders it a9 being of dimenfions fuflicient to 
work a larger engine ; a circum fiance which muft, in a cer- 
tain degree, increafe the confumption of fuel. It feeds 
itfelf with water conveyed through an elevated pipe, at the 
end of which is a valve. This valve does not open until the 
fall of the water within the boiler has fuffered a float to 
fubfide, which by its a£tual weight aflifls to draw the valve 
open ; but the float, by its tendency upwards, as the water 
in the boiler rifes, ferves effe&ually to clofe it. The 
water in the boiler, therefore, remains conflantly at or near 
the fame level. The fleam is conveyed by a pipe, T A V, 
to a box B, through which, by the opening and fhuiting 
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of a valve, it can be conveyed to the working chamber E. 
The axi9, C, ferves as a key to open and fhut the valve : 
N O is a ciflern of water, from which the engine draws its 
water through a vertical pipe, in which the valve Q is 
placed, to prevent the return of the water ; G G is another 
eiftern, into which the water is delivered through the 
pipe F, which is provided with a valve H, opening out- 
wards ; I M reprefents an overfhot water-wheel, 18 feet in 
diameter, moving on the axis K L, and communicating its 
motion to the lathes, and other machines ufed in the manu- 
factory. The water in both the cif terns becomes warmer 
than the hand, after working' a fhort time ; for which rea- 
fon, the injection-water is forced up by a fmall pump from 
a well, fupplied from the fmall ftream on which ihefe works 
are eft abli filed. A leaden pipe pafl'es from this forcing- 
pump to the upper or conical part of the chamber E, for 
the purpofe of injecting cold water at the proper time. 
Neither of thefc could be rcprcicutcd with convenience in 
the prefent fedtion. 

The manner in which the {team and cold water are alter- 
nately admitted into the chamber E, remains to be explained. 
Upon the extremity, K,of the axis of the overfhot water-wheel 
there is fixed a lolid wooden wheel, about four feet in diameter; 
it is alfo reprefented in fig. 5, as feen in the front ; 
are four cleats, all or any number of which may be fixed on 
the wheel at a time. Each cleat has its correfpondent 
block, e,f,g,fj , on the oppofite furfaee of the wheel. The 
ufe of thefe is to work the engine. Suppofe the wheel 
I M K, with all the revolving apparatus, be turned round 
by hand, one of the cleats meets in its rotation with a lever, 
which opens the fleam-valve by a bar of communication 
reaching to the handle of the axis C, Jig . 2. The fleam 
confequently pafl’es into the chamber 1*2, and the 11 earn- valve 
fhuts again, as foon as the cleat has puffed. Speedily after 
this, the correfpondent block on the other fide of the wheel 
meets another lever, which is limilarly attached to the handle 
of the forcing-pump, and, therefore, throws a jet of cold 
water into the chamber, and condcnfes the fleam. The 
preflure of the atmofphere then forces the water from the 
eiftern N O, through the valve O, towards the chamber E. 
When the engine has been long out of work, two or three 
flrokes may be neceflary to raife the water to the top of the 
chamber E. As foon as this is the cafe, the rc-entrance of 
the fleam fuflers the whole body of water, above the valve 
H, to flow ouL of the chamber E, by its gravity. 

The water which is railed is luftercd to flow upon the 
overfhot water-wheel, I M, through a fluice ; and by that 
means keeps the work in motion, and rcplcnifhcs the lower 
eiftern. There is no refervoir for the lnjcttmn-w atcr, but 
the requifitc quantity is driven up at each ftroke. 

Hence we fee, that in effect this engine is the fame as Sa- 
vcry\s original engine, except that it is not applied for the 
immediate purpofe of railing water, but gives motion to 
other apparatus; and it docs not force the water by the 
fleam at all. The water merely falls out of the chamber, 
and confequently never requires fleam much flrongrr than 
the atmofphere. From the efle£t of this engine, under cir- 
cumflances of fuch advantage, it may fairly be concluded, 
that the action of iteam againft water in forcing can never 
be beneficial, except at places where fuel can be had ex- 
tremely cheap. It was found, at the firlt ere&ion of this 
engine, that the confumption of fleam, by conta& with the 
water, was fo great, that it could not be worked with ad- 
vantage. This defe& was remedied in the prefent engine, 
as well as in another which was at Norwich, by fixing a 
fmall air-valve in the fleam-box, which is ftruck open by 
the machinery for an inftant, immediately before the ad- 
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million of fleam. It may be prefuined, that, according to 
Mr. Blakey’s idea, the air occupied a 1‘pace above the wa- 
ter, and prevented their coming together. Mr. Kier, how- 
ever, is difpofed to think that the effedt docs not take place 
in this manner, but by lome mixture and dilatation of the 
two fluids ; becaufe he imagines the mifehief from the wet 
furfacc of the cylinder would remain the fame, when the 
water defeends. To get rid of this air, the fleam in the 
boiler muft be made fo much flronger than the atmofphere, 
as to rufli into the receiver with fuflicient force to drive out 
the air through the fame valve at which it entered, and 
which opens outwards for that purpofe ; but will Ihut, to 
prevent the air entering when the vacuum is made, except 
for an inftaut before the fleam is admitted, when it is opened 
by the machinery. The motion of the overfliot water- wheel 
is regulated by an apparatus called a governor, invented by 
Mr. Watt, and which will be deferibed in our account of 
his engine. It is a perpendicular axis, which revolves by 
communication with the engine, and carries round two pen- 
dulous balls; which pendulums move on a joint, fixed to 
the vertical axis. When the rotation is very quick, the 
balls fly out, and are applied to draw down a lever, which 
is connected with the fluicc of the upper eiftern : the fluice, 
therefore, is made to fall or rife, according as the velocity 
of the engine is greater or lcfs. * By this difpofition, when 
the wheel moves very fpeedily from lightnefs of work, or 
any other caufe, the quantity of water thrown down from 
the upper eiftern is immediately diminiflied ; and, on the 
contrary, the quantity of water is rendered greater, when 
the flownefs of the movement fliews that more is wanted. 

The engine here deferibed has been at work many years, 
and from the fimplicity of its conitrudtion has yet exhibited 
no proofs of wear. 

Mr. Kier thinks it a profitable engine to liimfelf, and 
that it would be ferviceable for raifing water where coals 
are cheap. It coniumes fix bufhels of good coals in twelve 
hours’ work, when in its beft ftate, or feven bufhels when 
at the worlt. Under thefe circumflancet it gives ten 
ftrokes per minute, each throwing out feven cubic feet of 
water at an aperture of 20 feet above the water beneat h. This 
quantity, namely, 70 cubic feet per minute, will weigh 
4375lbs. raifed 20 feet high, which being doubled, to reduce 
it to Defaguliers* ftaudard height of 10 feet, will amount 
to 875olbs. raifed 10 feet high; and this divided by 550, 
the number of pounds in a hogfhead, will give a quotient 
of 16 hogfheads raifed 10 feet, reprefenting the force of fo 
many men, according to the eftimate of that author, who 
reckons five men equivalent to one horfe. The refult is not 
quite half what is performed, with an equal quantity of 
coals, by the improved engines, with a pillon of fuch iize 
as to be equal to 20 or 25 horfes. PJiilof. Journ. vol. i. 

Several other engines have been eredled upon this plan ; 
and where the water which is raifed is to be immediately 
boiled, they are very capital machines, becaufe all the lofs 
of heat is thrown into the water and \\\r*nv; it before enter- 
ing the boiler, fo an to economize the whole : for in (lance, 
for the purpofe of raifing water into the boilers for a ialt- 
work or for a brewery, they are very applicable. 

We have no accounts of the quantity of water which 
could be raifed by Savery’s original engine with a given 
quantity of fuel ; but he tells us in the Miner’s Friend, 
that to lift a three-inch bore of water 60 feet high, would 
only require a fire-place for the furnace of 20 inches deep, 
and 14 or 15 wide ; the expence of fuel for winch, he fays, 
would be inconfiderablc, when compared with the advan- 
tages to be derived from the ufe of the engine. 

It has been propofed to conftrudfc a fuccefiiou of engines 
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upon Savery’s plan in a mine, to raife water by fusion 
from one to another, and to have all of them worked by one 
common fleam-boiler. For this purpofe, the depth of the 
pit is divided into lifts of about 15 feet, and at each lift i» 
a eiftern, to receive the water raifed by the different engines. 
Each engine confifls of a vertical fudtion-pipe, v.itn the 
lower end immerfed in the water of the ciitern ot the en- 
gine below it, and a receiver at the upper end, which com- 
municates with the fudtion-pipe through a valve, to prevent 
the defeent of the water from the receiver through the 
fudtion-pipe. There is alfo a fmall fpout or pipe leading 
from the fide of each receiver into each eiftern, which is to 
receive the water after it is raifed into the receiver ; and the 
ends of thefe fpouts are covered with valves, to prevent the 
water running back into the receivers from the cilterns. 
All thefe receivers communicate with a common air-pipe, 
which leads up to the top clofe receiver, or air-veflel, fitu- 
ated at the top of the pit, which vcilel is of at lead double 
the capacity of all the receivers and the common pipe to- 
gether. Immediately above the air veflel is the Jteam- 
receiver, of equal capacity, and communicating with the 
air-veflel by a pipe, which defeends through the top of the 
fame, and reaches nearly to the bottom of the air-veliel, fo 
that if there is any water in this veflel, the end of the com- 
municating pipe will be immerfed therein. 

Suppoie the cilterns at the different ftages, and alfo the 
lower or air-veflel, nearly filled with water, and the air-pipe 
and the fmall receivers filled with air, the adtion of the ma- 
chine will be as follows : the fleam is admitted from the 
boiler into the upper receiver, and expels the air therefrom 
through a proper cock or valve : when thoroughly filled 
with heated fleam, the communication with the boiler is 
Ihut, and an injection of cold water thrown into the re- 
ceiver ; this condenfcs the fleam, and foims a vacuum in 
the upper receiver: this being the cafe, the air contained 
in the air-pipe and receiver, by its elaltic preliure upon the 
furface of the water contained in the great air-veflel, caufe* 
the water to mount through the pipe of communication 
into the upper or fleam-receiver. This caufes the air in the 
pipes and receivers to occupy a greater fpacc than it did 
before, and being thus rarefied, it no longer balances the 
preffure of the atmofphere upon the furface of the water 
contained in each cittern ; it therefore forces the water up 
the refpedive fudtion-pipes into the fmall receivers, and 
will fill each of them one half with water, and then the 
air contained in the remaining half of each receiver, and in 
the great air-veflel above, comes to its equilibrium. The 
fleam is now admitted a fecond time into the fleam-receiver, 
and preffing upon the furface of the water therein, allows 
it to defeend by its gravity into the air-veflel beneath, from 
which it expels the air, and by the communication of the 
air-pipe it enters into the upper part of each of the fmall 
receivers down in the pit, and bearing upon the lurface of 
the water in each, fuflers it to flow out by its own weight 
through the fpquts into their refpedtive cilterns. When 
they have thus difeharged the water which they had before 
drawn up, the fleam in the upper receiver is again con- 
denfed, and this rarefies the air in the air-vefl’el and feveral 
receivers, and draws up more water from each eiftern ; arid 
thus the adtion of the machine continues as long as the 
boiler affords fleam. In this plan, the water in the upper 
receiver is never changed ; but the fame water is conftautly 
fubjedted to the adtion of the fleam, and will thereby be- 
come heated fo as to avoid the lofs of fleam by the con- 
den fat ion. But this at the fame time introduces another 
difficulty, which the inventor had not forefeen, viz. that 
the heat of the water will prevent a fuflicient cordon ration 
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of the fteam to obtain a vacuum : for inftance, it is not 
neceffary for an engine of this kind to have fteam in the 
boiler of much greater preflure than the atmofphere : fup- 
pofe it is equal to railing water two feet, by our fecond 
table this will be at a temperature of 215 0 . Now, ac- 
cording to our firil table, in order to obtain fuch a degree 
of rarefaftion of prefture within the receiver as to lift a 
column of 30 feet of water, the temperature muft be cooled 
down to 1 20° 5 therefore, at every itroke of the engine a 
change of temperature muft be made equal to 95 0 , viz. be- 
tween 120° and 215". On this account, fuch an engine would 
require a great quantity of condenfing water, and it is pro- 
bable that it would be better to make the water, which 
the engine raifes, pafs through the receiver, on Savery’s 
plan, or at leaft fuch a portion of it, as will keep the tem- 
perature of the water in the receiver iufliciently low to ob- 
tain the condenfation which we have above mentioned. 

In employing air in thi . manner to tranfmit the force of 
the fleam into other veflels, the»*e is always the lots from 
the clalticity or cvmpreffibility of the air, which, in the 
ca(^ .hove Hated, will be equal to one-half ; becaufc, when 
a fufficient rarefaction is made within the fteam-receiver to 
caufe tin itmofphere to preis upon it equal to 13^8. upon 
th< iqum.' inch, or to fuck up water 30 feet, the air con- 
tain J in the air- vcdel and pipes will expand itfelf fo as to 
balance one-half of that p-JPjre ; and, therefore, the de- 
gree of rarefaction within the fmall receivers will be only 
fufficient to raile the water 15 feet inftead of 30. On the 
other hand, when the fteam is admitted into the receiver, it 
muft be in fufficient quantity to reftore the air to its origi- 
nal denfity, before it will balance the preflure of the at- 
mofphcrc, and allow the water to flow out of the receivers 
into their citterns. 

Fig. 5. reprefents a fimilar contrivance to the above, but 
it is for forcing. It was fuggefted by Mr. Kier, in 1783. 
A is a boiler, and B a fteam-veflel : this lafl communicates 
with the veflels M, L, K, T, each of whifti, except the 
lower on?, confifts of two veflels ; fir It, an external ciltcrn, 
open at (he top; and fecondly, an interior receiver, im- 
roerfed iw the water of ih>* cittern, and doled on :»U lides, 
except where it cosnmu; icates with B, by tin* benches 
of the receiver, the pipe V G H descending from B, and 
where the pipes P, O, N, T, enter the upper part of 
each, and defeend withinfide nearly to the bottom, and alio 
where there is a valve at t’e bottom opining upwards. 
If fteam be let pafs from A to B, the air v ill lv driven 
from B through the pipes F, anti prefs upon the fur face 
of the water in the lower receiver T, and drive the fame 
up the pipes into ‘Jr 1 vcQ’d or ciftern K, but not into 
the receiver K, becaufc the preflure of the air within that 
receiver keeps the valve n the bottom of *he receiver Ihut. 
The nex* Itep of the operation confifts in clofing the cock 
C, and opening D, out of which u portion of fteam will 
be driver., v "* the rc-adtion of the water forcing itfelf through 
the valve * In* bottom of the receiver T, from its natural 
tendency . ifc to the fame level as the furface of the water 
in the pit well ; and on the fame account the water will 
ruter iut »* ■ receiver, K, from the cifteiu in which it is 
> nmerfed he cock D is then to be clofed, and C opened ; 
in confcquence of which, the contents of the receiver, T, 
will be forced up to the cittern, K, by the fteam, as before, 
and the receiver, K, will dife barge its contents through 
the pipe, N, into the ciftern L. 

Tne fteam being again fhut off at C, and the cock D 
being opened, as before, the reccr »r, T, K, and L, will 
fill as before, by the water from the exterior ciftern enter- 
.3 through the valves in their bottoms, and a larger por- 


tion of fleam will ifl’ue from JJ . A third repetition of the 
procefs will drive the contents of thefe three receivers a 
itep higher ; and a fourth repetition will caufe the con- 
tents of the upper receiver, M, to flow out at P ; after 
which, every alternation of the work with the cocks C, D, 
will throw out the fame quantity from P. 

The veffel B mult neceffarily contain a quantity of air 
capable of occupying the whole interior fpace contained in 
the clofed receiver, with an a 1 Awance for the lofs of bulk 
in condenfation, under the preflure of a column of water 
equal to one of the lifts ; and the quantity of fteam to be 
difchargtd at each ftroke, muft occupy a fpace equal to 
that of all the water moved at each Itroke ; and muft, in 
all cafes, be confiderably ftronger than two atmofpheres, 
in proooition to the heights of the lifts. 

Other Propojah for the Improvement of Savery's Engine . — 
In the Memoirs of the Philofophical Society of Lautanm*, 
M. I^ancois has deferibed a Iteam-engine on Savery’s pitm, 
which he propofes to be ufed for drainirgfens or marfh;’ , 
arc! has addeu machinery to open and (hut the cocks ; it hu > 
ot he ’-wife nothing remarkable. See Repertory ol Art*, 
fir ft ferii ' sol. IV. 

In t!i American Philofophical Tran factions there a 
deforipti , of a fleam-engine, on Saver^A principle, by Mr. 
Nanca row, wliich is applied to raife water for tun ing a 
water-wheel. In this engine, the receiver, into winch the 
fteam is admitted, is a tall cylindrical pipe , with only a flight 
enlargenunt at the top to form the receiver; and the water 
is only railed b) the preflure of the atmofphere : and to pre- 
vent the water being changed and 'orrinumg cold, fo as to 
condenfe the fteam, it is not fuftor.o to run off immediately 
from the receiver, as in Mr. Kier’s engine, but nearly at the 
bottom of the tall cylindrical pipe it is joined to a box, as 
flirwn by the dotted lines in the figure of hie engine, and 
from this box a fecond vertical pipe, or force-pipe, afeends 
to the refervoir which contains the w**e r : the valve to pre- 
vent the return of the water :s pLceft " lower end of 
this fecond pipe. 

By this moans, the portion of water which come6 in con • 
tact with the fteam rifes and falls in the receiver, and alter- 
nately draws and forces othe’* water through the box below, 
from the fu&ion-ptpe, and into the force-pipe and rtfe* 
voir. But this water, when it becomes heated, adts lik> a 
floating pifton on the furfacc of the cold water to prevent 
the coi.tudl of the fleam. Mr. Nancarrow propqfcd em- 
ploy a feparate condenfer and air-pump to produce the 
vacuum, inftead of making an injection into the receiver ; 
but this would b** attended with no advantage ; and we have 
be Are ftated the : ojedtions to the water growing heated any 
more than fup-vfl cully. 

At the fame * ne we think that a very good ami Ample 
engine might be made, if this form of the apjantus, in 
which the water /hall never be changed, was y ' ed to 
forcing by the preflure of tne fteam only, on the o. quis of 
Worcettcr’s plan, and not . > attempt condenfati. , whivu 
it is impoflible to effedt pr^edtly, when the w air has be 
come very hot ; but inflead^ A * cof, when the fteam lu exerted 
its force, to open a cock. :\ ! let oft the fteam ii * * ; I c open 
air. An engine of this k* , ,/hich only require* 1 *h- addi- 
tional receiver, is deferib*. . ..1 Leupold’s Theati am Mathi- 
narum Hydraulicarum, v«l. vi. 1724. 

The laft improvement which we have noticed m Savery’s 
engine, is by Mr. James Boaz, of Glafgow, wno took out a 
patent in 1805, ^ or f evei * different forms of the engine. 
In all thefe the receiver is made cylindrical, and a pilton is 
applied to float upon the furface of the water, upon Papin’s 
plan 5 and in the fame manner as Nar 'arrow’s engm 
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he propofes to employ fuch an arrangement of the force- 
pipes, and of a fecond fmall receiver, that the water which 
comes in contact with the fleam (hall not be changed, but 
(hall always remain the fame ; a method which precludes the 
ufe of the vacuum by condenfation. The fpecification of 
this patent is publifhed in the Repertory of Arts, vol. viii. 

Newcomen’s, or the Atmofpheric Steam-Engine . — This 
engine is named after its inventor, Mr. Thomas Newcomen, 
an ironmonger of Dartmouth, in Devonfhire. He appears 
to have been a perfon of ingenuity, and of fome reading, 
and was acquainted with the famous philofopher Dr. Hooke. 
Newcomen was in the habit of vifiting the mines of tin and 
copper in Cornwall, where captain Savery was well known, 
from his attempts to introduce hie Engine for the draining of 
mines, which, at that period, were nearly all of them at a 
Hand, for want of fome more powerful and cheap machines 
than hand-pumps or horfe-machines. 

The captain was not fuccefsfulin his attempts, principally 
becaufe he employed the dire& a&ion of the fteam upon the 
water, which either confined him to the height of 2$ feet, 
or compelled him to employ fleam of a great elaltic force ; in 
which cafe it became an indifpenfible condition, that the 
boiler and veffels fhould be very ftrong, as well 3s that a 
large quantity of fuel fhould be confumcd, to produce fteam 
fufiicicntly denfe. It is probable that tliefe inconveniences 
may have early directed the thoughts of other ingenious 
men to the application of a pifton ; but the difficulties of 
the undertaking feem to have retarded this purfuit for a con- 
fidcrable time. 

The firft fleam-engine with a pifton, made by Papin 
in 1707, which we have described, was not at all calculated 
to remove the difficulties ; and it is to Newcomen, and his 
affociate Cawley, that we are indebted for the application of 
a pifton with machinery, by which the indiredt action of 
fteam a little ftronger than the atmofphere, or rather the di- 
redl adlion of the atmofphere upon a pifton, is made to aft 
with fafety and t* fie ft againft the mod feverc preffures. It 
appears that they had brought their atmofpheric engine, 
about the year 1713, to a degree of perfeftion little inferior 
to thole which are to be feen at prefent. 

Principle of the Atmofpheric Engine . — To have an idea of 
its principles and mode of operation, fuppofe a very large 
fyringe or cylinder to be placed upright, and a pifton or 
plug inferted at the upper end, the ufual aperture being fup- 
pofed to be at the lower extremity. If this laft aperture is 
open, the pifton will defeend by its own weight, neglefting 
the efFeft of friftion at its circumference. But let it be 
imagined that the pifton is fupported by a counter-weight 
applied at the oppofite extremity, a lever, or by any other 
means : in this cafe the pifton will not defeend unlefs more 
weight is added to it. 

Among the various ways of applying fuch a weight, there 
is one which confifts in exhaufling the air from the internal 
part of the cylinder, beneath the pifton : and if this is done, it 
is evident that the whole preffure of the atmofphere, amount- 
ing to about 14J pounds on every fquare inch, will be- 
come aftive upon the upper furface of the pifton. T his 
method of gaining a great force was invented by the famous 
Otto Guericke : feenis Experimenta Magdeburgica, 1672. 
If the vacuum was to be produced by means of an air-pump 
on Guericke's plan, it mult be allowed that the labour of 
effefting it would be at lead equal to that of any work 
which could be performed by the fubfequent defeent of the 
pifton ; we muft therefore feek fome other means of pro- 
ducing fuch a vacuum. We have feen that in Savery's 
engine the operation of fteam is two-fold, namely, by the 
direft preffure from it6 elafticity, and by the indireft co»fe- 
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quence of its condenfation, which affords a vacuum. This 
laft is the only principle employed in Newcomen's engine. 

In order to produce the vacuum at pleafure in the interior 
capacity of the fyringe or cylinder, of which we have been 
fpeaking, it becomes requifite that feveral apertures fhould 
be formed at the bottom of the cylinder ; one to communi- 
cate fteam from a boiler, and provided with a cock to cut 
off or open the communication at pleafure ; another to ad- 
mit at pleafure a jet of cold water, to condenfe the iteam 
during the interval in which the communication from the 
boiler is cut off j a third, provided with a drain-pipe, 
called the eduftion-pipe, to carry off the condcnfed fleam 
and injeftion-water ; and laftly, a fmall lateral aperture, 
with a valve, to allow the efcape of the air, or permanently 
elaftic fluid, which will not condenfe by the application of 
cold water, or run off through the eduftion-pipe: this laft is 
called the fnifting-clack. 

By thefe provisions the operation of the cylinder is made 
to take place in the following manner. The pifton-rod if 
attached by a chain to the end of a long lever, at the oppo- 
fite end of which arc fufpended the rods of the pumps which 
are to draw the water ; and the weight of thefe rods exceeds 
the weight of the pifton fo much, as to draw the pifton up 
to the top of the cylinder. In this ftatc, the fteam-cock is 
opened, and fteam iflues from the boiler ; but being lefs 
than half the weight of common air, it rifes to the top of 
the cylinder, and expels the air through the fnifting-valve 
and edudlion-pipe, of which the lower extremity is covered 
with a flap-valve, in a trough of water. When the noife of 
its efcape through thefe valves is heard, the ftcam-cock is 
ffiut, and the injedlion-pipe being opened, throws up a 
ftream of cold water in a jet within the cylinder, and llnkes 
againft the bottom of the pifton : the fteam becomes imme- 
diately condenfed, and the preffure of the atmofphere forces 
the pifton down into the vacuum. Upon its progrefa 
downwards, the injedlion-pipe is clofed ; and when it has 
arrived nearly at the bottom of the cylinder, the fteam-cock 
is again opened. The elaftic ft cam fills the fmall fpace be- 
tween the cylinder and the bottom, and its preffure on the 
under furface of the pifton affifts it to rife, and alfo a flitts 
the eduction -water which remains in the bottom of the 
cylinder to pafs off through its pipe : the fteam alfo drives 
the air, or other elaftic fluid which will not condenfe, through 
the fnifting-valve. In this ftate, therefore, the fteam is fome- 
what ftronger than the atmofphere, and rather more than 
counterpoiies its adlion on the upper furface of the pifton 5 
in confequence, the pifton itfelf riles by the adlion of the 
counter- weight, or pump-rods, at the oppofite end of the 
lever, and regains its original pofition at the top of the 
cylinder. 

A fecond repetition of the procefs, namely, of fhutting off 
the fteam, and injecting cold water, caufes the pifton again to 
defeend, and in this manner the alternations may be con- 
tinued without limit. 

It is to be underftood, that the opening and fhutting of 
the fteam and injedtion-cocks are performed by apparatus 
fixed to the working lever, in fuch a manner as to flrike the 
levers of thole cocks at the precife inllant of time when their 
effedls are required to be produced. The attendant has no 
other office to perform than that of keeping up the fire. To 
apply this power to the purpofe of railing water for drain- 
ing a mine, fuppofe a common fucking-pump placed in the 
pit to lift the water fifty yards high. If the pump is 7J 
inches bore, the columh of water which muft be raifed when 
the rod or bucket of the pump is drawn up, will weigh 
3060 lbs. 1 a chain being attached to the upper end of the 
rod of the pump, and fufpended from the extremity of the 
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long lever or working beam; and at the oppofite ex- 
tremity of the lame beam another chain mull be attached, 
to fufpend the pifton of the Hearn cylinder, which wc have 
juft deferibed. 

To give this pifton a fufficient power of defeent to make 
it draw up the water in the pump at the oppofitc end of the 
beam with celerity, the pifton muft be 22 inches in diameter ; 
the area or furface of the pifton will then be 380 fquarc 
inches, 22 x 22 = 484 x .7854 -- 380. In this calc, if 
each fquaic inch i» prefted with a weight of eight pounds, 
it will balance the weight of the water in the pumps within 
20 pounds; for 380 x 8= 3040, iidtead of 3060: but 
the preflure on each fquarc inch will be confiderably more 
than eight pounds ; for, provided the vacuum was per- 
fect within the cylinder, the preflure of the atmofphcrc 
would be 14} pounds ; but the condenfation of the fteam 
in the cylinder is fo far incomplete, that it leaves fteam or 
vapour within the cylinder of fomc denfity. If the fteam 
is cooled by the injection down to 140°, it will be feeu 
by our firll table, fourth column, that it will leave the cy- 
linder filled with a vapour of an daft ic force equal to 2 lbs. 
13 oz. prr fquarc inch ; which force acting beneath the pit - 
Ion, will dedudl from the preflure of the utmofphere, and re- 
duce the neat preflureon the pifton to 1 1 lbs. 1 3 io7.,per fquarc 
inch, as (hewn by the laft column. The excels of preflure 
beyond what is neceflary to balance the weight of water is 
3 lbs. per fquare inch, amounting, on the whole furface of 
the pifton, to (3 x 380 = ) 1 140 lbs. nearly, a weight which 
is allowed to overcome the counter-weight which is to draw 
the pifton up again, and the fridtion of the pifton and pump- 
buckets, and make the engine move with a fufficient velocity, 
which will be more or lefs according to the ftate of the en- 
gine. 15 ut taking this velocity at 16 flrokes prr minute of 
fix feet length each m 96 feet motion prr minute, the pump 
of 74 inches diameter will raife 192 gallons prr minute, or 
182 hogfheads 13 gallons prr hour. An engine of thefe di- 
menfions is but a fmall one, yet it ferves to (hew the fupc- 
riority of Newcomen's over Savory's engine, in principle. 
Savory’s was an engine which really raifed water by the force 
of fteam ; but Newcomen's raifes water entirely by the 
preflure of the atmofphcrc, fteam being employed merely as 
the moil expeditious method of producing a void, into 
which the atmofphcrical preflure may impel the firll mover 
of his machine. 'Flic claflieity of the fteam is not the 
firft mover. In the example of the engine wc have juft 
given to drain the fame mine on Saveiy’n plan, lie mull 
have employed fteam of a preflure of 55 pounds prr inch, 
and of a temperature of 325 degrees, to raife a co- 
lumn of water to a height of 125 feet: the condenfation 
of this fleam would he fo great on coming in contact wit 1 1 
water of only 50 degrees, that he would have found it 
fcarcely practicable to have thrown up any confidcrable 
quantity. 

We fee alfo the great fuperiority of this new machine. 
There is no need of fleam of great and dangerous elallicily, 
as it operates by means of very moderate heats, and conic- 
quently with much fmaller quantities of fuel; and there are 
no other bounds to the power of this machine, than the 
flrength of the materials of which it is compofed. How 
deep foever a mine may be, a cylinder may be employed of 
fuch dimenhone, that the pieflurcof the air on its pifton may 
exceed in any degree the weight of the column of water to 
be raifed ; and lallly, this form of the machine renders it ap- 
plicable to almoft every mechanical pnrpofe, becaule a fkilful 
mechanic can readily find a method of converting the reci- 
procating motion of the working beam into a motion of any 
kind which may luit his purpofe. 8a very’s engine could 
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not adn.it of fu-di at» immediate application, and was re- 
llriCted to railing of watir. 

Invention of Newcomen's Engine . — Refpedting the inven- 
tion of this engine, it was lefs a matter of original dilcovery, 
than of a combination of the inventions of others, viz. of Sa- 
very’s invention of the means of producing a vacuum by the 
condenfation of itcam, with Otto Guericke’s exhaufted 
cylinder. 

Savery made claim to the invention, and in confequence 
of the claim he made to the mode of condenfation, as being 
a part of his patent, he was admitted by Newcomen and 
Cawley to an allociation with them in the patent which wa& 
granted in 1705, but it does not appear that they made any 
perfect engine until 1711. 

Defag uliers, in his account of the invention, makes no 
mention of captain Savery being aflociated ; but fays “ that 
Thomas Newcomen, ironmonger, and John Cawley, gla- 
zier, of Dartmouth, in the county of Southampton ( Bap 
tilts), made feveral experiments in private about the year 
1710, and in the latter end of the year 1711 made propofak 
to drain the water of a colliery at Grift, in Warwickfhire, 
where the proprietors employed 500 horfes at an expence ot 
900/. a year ; but their invention not meeting with the 
reception they expected, in March following, through the 
acquaintance of Mr. Potter of Bromfgrove, in Worcellcr- 
ftiire, they bargained to draw water for Mr. Back of Wol- 
verhampton ; where, after a great many laborious attempts, 
they did make the engine work; but not being either phi- 
lofupher.t to underlland the rcafon, or mathematicians enough 
to calculate the powers and proportion of the parts, they 
very luckily, by accident, found what they fought for. 

“ They were at a lofs about the pumps, but being fo near 
Birmingham, and having the aftittance of fo many admirable 
and ingenious workmen, they loon came to the method of 
making the pump-valves, clacks, and buckets, whereas they 
had but an imperfcA notion of them before. One thing is 
very remarkable ; as they at firll were working, they were 
iurprifed to fee the engine go leveral tlrokcs, and very quick 
together, when, after a fearcli, they found a hole in the pifton, 
which let the cold water in to condenfe the fteam in the 
infide of the cylinder, whereas before they had always done 
it on the out fide. They ufed before to work with a buoy 
in the cylinder, inclofed in a pipe, which buoy rofe when the 
Ream was flrong and opened the injection, and made a 
llroke ; thereby they were capable of only gi\ mg fix, eight, 
or ten ftrokes in a minute, till a boy, Humphrey Potter, 
who attended the engine, added (what he called Jco^gjn) a 
catch, that the beam always opened, and then it would go 
15 or 16 ftrokes a minute. But this being perplexed with 
catches and ft rings, Mr. Henry Beighton, in an engine he 
had built at Newcaltle-upon-Tym*, 111 1718, took them all 
away, but the beam itfelf, and fupplied them 111 a much 
better manner.” Since that time no very material altera- 
tions have been made in tins Ipccies of engine, except the 
addition of the crank to make it turn mills. 

The French authors have claimed this engine alfo as the 
invention of their countryman Papin, but without an) rea- 
fon ; Papin had gained a knowledge of the expand ve force 
of fteam in his digeller, and he invented the mode of work- 
ing the pillons and cylinders by a vacuum and the preflure 
of the atmofphcre ; but he was not the firll inventor of either 
of thefe, Otto Guericke and the marquis of Worceflcr 
having difeovered the fame things long before him ; and fur- 
ther, lie had no pretentions to claim Savery's difeovery of 
tile condenfation of fteam, upon which the engine of New- 
comen depends. 

Papin's Air Cylinder Engine . — Papin’s invention of the cy- 
linder* 
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Iirtders is by no means void of merit, we (hall therefore briefly 
defcribe it, and our readers will fee how far it could have 
aflifted Newcomen, fuppofing him fully informed of it. 

The firlt engine was for the purpofe of tranfmitting the 
aftion of a water-wheel to a great dittance, by means of air 
in pipes. Papin propofed this principle enigmatically, as a 
new way of raifmg water, to tne Royal Society m 1685 ; 
and after many folutions had been given by the Englilh aca- 
demicians, he (hewed the real application and ufe of it, to 
raife water out of a mine by the power of a river at a con- 
fiderable diftance. 

For this purpofe, a water-wheel was to be placed in the 
river, to work the piltons of two large cylinders of pumps, 
from the lower ends of each of which fmall pipes v> ere con- 
duced down into the mine, to convey the air into Imall 
chell3 or receivers, which were each furnifhed with a fuc- 
tion-pipe and a forcing-pipe, and valves to prevent the de- 
feent of the water. By the motion of the pi lions of the 
pumps, the air was to be alternately rarefied and comprefied in 
thefe chambers ; and thus he intended to draw water into the 
receptacles through the fuCion-pipes, and then force it up 
through the forcing-pipe ; but he forgot that, in this me- 
thod, the elafticity of the air he employed would wholly 
defeat his end ; for when the pilton of the pump was de- 
prefted, it would not comprefs the quantity of air contained 
in a long pipe ftifficiently to produce any fenfiblc condenfa- 
tion to force or raife water out of the receiver ; nor, on the 
other hand, could a in Hi c lent rarefaCion of the air be pro- 
duced by the afeent of the pilton to obtain any efficient 
indion in the receivers. 

Papin afterwards made fome alterations to obviate the 
objections winch were urged by Dr. Hooke and other Eng- 
hfh philofophers, and in 168S he publiffied another machine 
in the A£ta Eruditorum, which is more complete, and is a 
moll valuable invention for conveying the power of machines 
to a dillance. Within thefe few years it has been employed 
in this country, though fecretly, for a very important purpofe. 

In this method, the two pumps, which are woikcd by al- 
ternate cranks on the axle of the water-wheel, are provided 
with valves fimilar to thofe of an air-pump, and they draw 
air alternately from the conveyancc-pipe which leads to the 
mine, fo as to make a vacuum in the pipe. At the mine arc 
placed two cylinders, with pillons fitted into them ; and a 
rope, which is fattened to each of the pillons, is wrapped 
feveral times round an axle or horizontal (haft, which is ex- 
tended over both cylinders, and is put in motion by their 
pillons. 

Upon the middle of this axle is a large wheel, for the re- 
ception of a cord, which defeends into the mine, and has at 
each end a bucket ; therefore, by turning the axle firlt one 
way round, and then the other, the two buckets are alter- 
nately drawn up or lowered down in the mine, to draw either 
water or ore. The ropes from the pilton of the cylinders 
are wrapped round the axle in oppofite directions ; and when 
one pilton is prefled down, it will draw the rope and turn the 
axle, which winding up, the other rope will draw up the pilton 
of the other cylinder. A Angle conveyance-pipe leads from 
both the air-pumps at the water-wheel ; but when the pipe 
arrives in the mine it divides into two branches, one for each 
cylinder ; and at the interfeCtion of thefe branches a double- 
paflaged cock is placed, which will admit the air from either 
of the cylinders into the conveyance-pipe which leads to 
the air-pumps, or it will admit the atmofpheric air into the 
cylinders ; and thefe paflages are opened alternately by the 
cock, fo that whillt the air from one cylinder is drawing oft 
through the conveyance-pipe by the air-pumps, the atmo- 
fpheric air (hall have free entrance to the other cylinder, 
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The confequence will be, that by the continual fu&ion of 
the air-pumps a vacuum will be found under one pifton, and 
the prefi'ure of the atmofphere will a £ to prefs it down in 
its cylinder ; and by the rope which is attached to it and 
wound round the axl? of the wheel, its defeent will caufe 
the axle and wheel to turn round and draw up the cord 
which pafles over the wheel at one fide, lo as to raife up one 
bucket in the mine and lower down the other ; but during 
the defeent of this pifton, the other pifton is freely at 
liberty to be drawn up in its cylinder, bccaufe the cock ad* 
mits the atmofpheric air into the fame. When the pifton 
under which the vacuum hap been made is prefled down to 
the bottom of its cylinder, the other pifton will be drawn 
up to the top of its cylinder, by its rope winding upon the 
axle. In this Hate the cock is turned the other way, and 
will then draw oft the air from the cylinder in which the 
pifton is at the top, and admit frefh air into the cylinder in 
which the pifton is at the bottom. This will caufe the axle 
and wheel to turn round in an oppofite direction to what it 
did before, and draw up the oppolite bucket from the mine. 

In this way a eonftant reciprocation of the motion of the 
axle is kept up, and the power of the water-wheel is tranf* 
mitted limply by the conveyance-pipe to any required dif- 
tance, where, by uling a larger or fmaller cylinder, it may be 
made to ad with any required force. The inventor pro- 
pofed this method to be ufed to convey the power of tho 
water-wheels in the Seine to work pumps at Ver failles, initead 
of the cumbcrfome machinery employed at Marly for con- 
veying the motion ; and it is rather furprifing that fo firnple 
and advantageous a method fhould have remained fo long ne* 
gleded and unknown, that even now, when its effeds are pub- 
licly exhibited, the means are not known. The only im- 
provement upon the method of Papin, which it is neceflary 
to put in pradicr, is to have a receiver or air-chamber near 
the cylinders, to be kept 'exhaii (ted by the pumps ; and this 
being of fufficient capacity the air will rufh into it, and be 
taken away from beneath the pifton the inltant the cock is 
opened ; whereas without it, it would be drawn oft more 
flowly by the pumps. If the conveyauce-pipe is made 
of large dimenlions, it will effed the fame end molt com- 
pletely. 

Description of the Atmofpheric Engine. — Our readers being 
now acquainted with the principle of Newcomen’s engine, 
we {hall proceed to defcribe it in the Hate to which it was 
brought by Mr. Beighton, and which for more than half a 
century was the ftandard engine for railing water from mines. 
Seethe perfpedive view in Plate W. jig. 1. which reprefents 
the engine complete, the front wall of the houfe being lup- 
pofed to be removed to fliew the interior. 

A, the fire-place under the boiler for raifmg the Hearn, 
and the alh-holc below it. 

B, the boiler, made of iron plates : it is filled with watet 
about three feet above the bottom. 

C, the lteam-pipe, through which the ftcam pafles from 
the boiler into the receiver. 

D, the receiver, a clofe iron vcirel or box, in which is the 
regulator or fteam-cock, which opens and Ihuts the hole of 
communication with the cylinder at each ftroke. 

E is the communication-pipe, between the receiver and 
the cylinder ; it rifes five or fix inches up in the infide of the 
cylinder above the bottom, to prevent the inje&ed water 
from defeending into the receiver. 

F, the cylinder of call-iron, about ten feet long, bored 
fmooth in the infide ; it has a broad flanch m the middle, on 
the outfide, by which it is fupported when hung between 
the cylinder-beams, which extend acrofs the houfe, and arc 
kt into the fidc-walk 
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G, the pi ft on, made to fit the cylinder exadly, but with 
liberty to Hide up and down ; it has a flanch rifing four or 
five inches upon its upper furfaee, between which and the 
fide of the cylinder a quantity of junk or oakum is ftufTed, 
and kept down by weights, to prevent the entrance of air 
or water, and the efcape of fleam. 

H, the chain and pifton-fhank, by which it is conne&ed 
to the working beam by an arc of a circle. 

I I, the working beam or lever, working on its centre, 
in the manner of a feale-beam ; it is made of two or more 
large logs of timber, bent together at each end, and kept 
at the diflance of eight or nine inches from each other in the 
middle by the gudgeon or centre, as reprefented in the plate. 
The arch-heads 1, 1, at the ends of the beam, are for giving 
a perpendicular direction to the chains of the pifton ana 
pump*rods, which are fufpended at the oppofite ends. 

K, the pump-rod, which works in the great fucking- 
pump L, and draws the water from the bottom of the 
mine to the furfaee. 

M, a cittern, into which the water drawn out of the pit 
is conducted by a trough, fo as to keep it always full, and 
the fuporfluous water is carried off by another trough. 

N, the jack-head pump, which is a fmaller fucking-pump, 
wrought by a fmall lever or working beam, by means of a 
chain connected to the great beam or lever near the arch g f 
at the inner end ; and the rod of the pump N is fufpended 
by a chain at the outer end. This pump commonly Hands 
near the corner of the front of the houfe, and raifes a 
column of water up to the cillern O, into which it is con- 
ducted by a trough. 

O, the jack-head ciftern, for fupplying the inje&ion ; it is 
always kept full by the pump N, and is fixed fo high above 
the cylinder bottom, as to give the jet of injeftion a fufficient 
velocity into the cylinder when the cock is opened. This 
ciftern has a walte-pipc on the oppofite fide for conveying 
away the fuperfluous water. 

P P, the injc6lion-pipe, of two or three inches diameter, 
which defeends from the ciftern, O, to the inje&ion-cock r, 
after palling which it turns up in a curve at the lower end, 
and enters the cylinder bottom. It has a thin plate of iron 
ferewed upon the end d> which is within the cylinder, with 
three or four ajutage holes in it, to caufe the jet of cold 
water from the jack -head ciftern to fly up in as many 
ft ream s againft the under furfaee of the pifton, and condenfc 
the ileam contained in the cylinder each ftroke, when the in- 
je6tion»cock is open, 

a valve upon the upper end of the inje&ion-pipe, which 
is (hut, to prevent wafte of water by leakage when the engine 
ftands ftili ; but before the engine is fet to work, this valve 
mull be lifted up, and kept open by a ftring. 

f, a fmall pipe, which branches ofl from the inje&ion- 
pipe, and has a cock to fupply the pifton with a little water 
to keep it air-tight. 

Q, the working plug, fufpended by a chain to the fmall 
arch, gt of the working beam. It is ufually a heavy piece of 
timber, with a flit vertically down its middle, and holes 
bored horizontally through it to receive pins, for the pur- 
pofc of opening and (hutting the inje&ion and iteam-cocks, 
as it afeends and defeends by the motion of the working 
beam. 

h% the handle of the fleam-cock or regulator. It is fixed 
to the regulator by a fpindle, which comes up through the 
top of the receiver. The regulator itfelf is a fe&oriaT plate 
of brafs, fhaped like a fan, which is moved horizontally by 
the handle h % and opens or (huts the communication at the 
lower end of the pipe £, within the receiver* It is repre- 
fented feoarately in the plate by fig. 2. 


STEAM ENGINE 

i i f the fpanner, whith is a long rod or bar of iron, for 
communicating motion to the handle of the regulator, to 
which it is fixed by means of a flit in the latter, and fome 
pins put through to fallen it. 

k it the vibrating lever, called the tumbling-bob, or the Y, 
having the weight i at one end, and the two forked legs at the 
other end, like the letter turned. It is fixed to an horizontal 
axis, moveable about its centre pins, or pivots, m, n y and is 
put in motion by mean9 of the two {hanks o, p, fixed to the 
fame axis, which are alternately raifed and deprefl’ed by means 
of two pins in the working plug, and the bob or weight 
at the top of the Y is thrown backwards and forwards ; 
one pin on the outfide, deprefhng the (hank o> throws the 
loaded end, of the Y from the cylinder into the poiition 
reprefented in the plate, and caufes the leg, /, of the fork 
of the Y to ftrike againft the end of the fpanner, which 
forcing back the handle of the regulator or fteam-cock 
opens the communication, and permits the fleam to fly into 
the cylinder. The pifton immediately rifes by the weight 
of the pump-rod, on the admilfion of the fleam: the motion 
of the working beam, 1 1, alfo raifes the working plug ; 
and another pin, which goes through the flit, raifes the 
(hank, p, of the axis, which throws the end, i, of the Y 
toward* the cylinder, and the leg of the fork, ftriking the 
end of the fpanner, forces it forwards, and fhuts the regu- 
lator or fteam-cock. 

q r is the lever for opening and {hutting the inje&ion- 
cock, called the F. It has a rack or toothed fe&or 
fixed upon its axis, which takes the teeth of a pinion, fixed 
on the top of the plug or key of the inje&ion-cock. 
When the working plug lias afeended nearly to its greateft 
height, and fhut the regulator, as above deferibed, a pin 
catches the end, n } of the F, and raifes it up, which opens 
the inje&ion-cock, and admits a jet of cold water to fly 
into the cylinder, and condenfing the fteam, makes a vacuum 
within. Then the preliure of the atmofphere, forcing down 
the pifton into the cylinder, caufes the plug-frame to de- 
feend, and another pin fixed in it catches the end of the 
lever, q 9 in its defeent, and by prelfing it down {huts the injec- 
tion-cock ; at the fame time the regulator is opened to ad- 
mit fleam, and fo on alternately ; that when the regulator 
is (hut, the inje&inn-eock {hall be open, and when the 
former is open, the latter (hall be flint. 

R, the edu&ion-pipc, to convey away the water which is 
injected into the cylinder at each ftroke ; its upper end is 
even with the cylinder bottom, and its lower end has a lid 
or cover, moveable on a hinge, which ferves as a valve to 
let out the inje&cd water, and Ihuts clofe each ftroke of 
the engine, to prevent the water being forced up again 
when the vacuum is made. 

S, the hot-well, which is a fmall ciftern made of planks, 
to receive all the wafte water from the cylinder, and keep 
it in referve for feeding the boiler, to fupply the wafte oc- 
cafioned by the continual evaporation of the fteam. 

T, the feeding-pipe, to fupply the boiler with water 
from the hot-well. It has a cock to let in a large or fmall 
quantity of water, as occafion requires, to make up for 
what is evaporated : it goes nearly down to the boiler bot- 
tom, fo that the lower end is always imrnerfed in water. 

U, two gauge-cocks, in the upper ends of two pipes 
which defeend into the boiler ; one is deeper than the 
other : their ufe is to try when a proper quantity of water 
is in the boiler, for upon opening the cocks, if one gives 
fteam and the other water, it is right, becaufe the intended 
level of the water in the boiler is between the ends of the 
two. If they both give water there is too much. 

w is the man-hole : it is a plate which is ferewed over 
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a hole on the fide of the boiler, to allow a paflagc into 
it for the convenience of cleaning or repairing. 

X, the Iteam-dack or puppet- valve, which is a brafs 
valve, on the top of the pipe opening into the boiler, to let 
off the fteam when it is too ftrong. It is loaded with 
lead at the rate of one pound to an inch fquare ; and when 
the fteam is nearly flrong enough to keep it open, it will 
do for the working of the engine. 

s, the fnifting-valve, by which, at every afeent of the 
pifton, the air is difeharged from the cylinder which was 
admitted with the injeAion, and would otherwife obftnnSt 
the due operation of the engine. 

//, the cylinder beams, which are ftrong girders going 
• through the houfe, for fupporting or rather keeping down 
the cylinder. 

-v, the cylinder cup of lead furrounding the top of the 
cylinder, to prevent the water upon the pifton from fldfhing 
over when it rifes too high. 

w, the wafte-pipe, which condu&s the fupcrfluoua water 
from the top of the cylinder to the hot-well. 

xx, iron bars, called the catch-pins, fixed horizontally 
through each arch-head to (trike the floor, and prevent the 
beam defeending too low, in ca(e the chains at either end 
fliould break, or if the engine makes too long a ftroke. 

yy, two ftrong wooden fprings, to weaken the blow 
given by the catcn-pins, when the ftroke is too long. 

% %, two fri&ion-wheels or fe&ors, on which the gud- 
geons, or centres of the great beam, are fupported ; they are 
the third or fourth part of a circle, and move a little each 
way as the beam vibrates. 

Their ufe is to diminifh the fri&ion of the axis, which 
being necelfarily very large for (o heavy a lever, would 
otherwife be very great. 

Operation of the Atmofpheric Engine . — When this engine 
is to be fet to work, the boiler mult be filled about two or 
three feet deep with water, and a large fire made under it ; 
and when the fteam is heated to be ot fufficient ftrength to 
exert a prefiure of about one pound beneath each fquare inch 
of the fafety-valve, it will lift up the valve and efcape. The 
water in the boiler being fuppofed to be in a flrong date 
of ebullition, and the (team iffuing by the fafety-valve, 
we will confiderthe machine in a (late ot rvft, having both 
the fleam-cock and injedtion-cock (hut. The refting pofition 
or attitude of the machine is fuch as appears in the draw- 
ing, the pump-rods, K, preponderating by their weight ; 
smd the great pifton being drawn to the top of the cy- 
linder. 

The man who attends the engine depreffes the handle p. 
So as to throw the tumbling-bob into the pofition of the 
figure ; and the leg of the fork thrufting back the fpanner 
it, opens the regulators or fteam-cock, when the fteam from 
the boiler immediately rufhes in, and flying all over the cy- 
linder, will mix with the air : much will be condenfed by 
the cold furface of the cyliuder and pifton, and the water 
produced from it will trickle down the (ides, and run off 
at the edudtion-pipe, R, as loon as any quantity is accu- 
mulated. This condenfation and wafte of fteam will con- 
tinue, till the whole cylinder and pifton are made as hot 
*8 boiling water. 

When this happens, the fteam will begin to open the 
fnifting-valve s, and ift'ue through the pipe ; at firft flowly 
and very cloudy, being mixed with much air, the cloudy 
appearance of fteam being always owing to its mixture with 
common air. The blaft at s will grow Itronger by de* 
grees, and more tranfparent, having already carried off the 
greateit part of the common air which filled the cylinder. 
We fuppofed, at firft, that the water was boiling bri/kly, 
Vol. XXXIV. 
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fo that the fteam was iffuing by the fafety-valve, which is 
in the top of the boiler. The opening ot the fteam-cock 
puts an end to this at once, becaufe the cold cylinder draws 
off the fteam from the boiler with aftonifhing rapidity, 
until it becomes heated fo as not to condenfe. 

When the manager of the engine perceives that not 
only the blalt at the fnifting-valve is ftrong and (teady, but 
that the boiler is fully fupplied with fteam of a proper 
ftrength, which appears by the renewal of the difeharge at 
the fafety-valve, the engine is ready for (tarting. lie now 
lifts up the handle o or p, till the tumbling-bob, Y, falls over 
the perpendicular towards the cylinder, and its leg (hiking 
the crofs-pin of the fpanner, i, draws it forwards, and (huts 
the fleam-regulator ; at the fame inflant he lifts up the 
handle, q , of the F, which opens the inje&ion-cock. The 
prefiure of the column of water in the inje&ion-pipe, P, 
immediately forces fome water through the lpout d, by the 
jets. 

The cold water coming in contaft with fomc of the pure 
vapour, which now fills the cylinder, condenfes it, and 
thus makes a partial void, into which the more diftant fteam 
immediately expands ; and by this very expanfion its capa- 
city for heat is increafed ; or, in other words, as it grows 
cold, it abftra&s the heat more powerfully from the (team 
fituated immediately beyond it. 

In this expanfion and refrigeration the fteam is itfelf 
partly condenfed or converted into water, and leaves a void, 
into which the circumjacent fteam immediately expands, 
and produces the fame effedt on the fteam beyond it : and 
thus it happens, that the abftradtion of a fmall quantity 
of heat from an inconiiderable mafs of (team produces a 
condenfation throughout a cylinder which is very ex- 
tenfive. 

What remains in the cylinder no longer balances the 
atmofpheric prefiure on the furface of the water in the 
injeetton-ciftern, and, therefore, the water fpouts rapidly 
through the holes d, by the joint action of the column P, 
and the unbalanced prefiure of the atmofphere ; at the fame 
time the fnifting-valve j, and the edudtion-valve R, are (hut 
by the external prefiure of the atmofphere, and prevent 
the entrance of air or water into the cylinder. The ve- 
locity of the injedlion-watcr mult therefore rapidly increafe, 
and the jets dafli againft the bottom of the pifton, and be 
fcattered through the whole capacity of the cylinder. In a 
very (hart fpace of time therefrom* the condenfation of the 
fteam becomes univerUl, and the elafticity of what remains it 
very fmall. The whole prefiure of the atmofphere, therefore, 
being exerted on the upper furface of the pifton, while 
there is hardly any on its under fide, if the load on the 
outer end of the working-beam is inferior to this preflare, 
it mud yield to it. The pifton G mult defeend, and the 
pump-pilton h muft afeend, bringing along with it the 
water of the mine ; but the motion does not begin at the 
inflant the injection is made. 

The pifton was kept at top by the preponderancy of the 
outer end of the working beam and the load of water in 
the pumps, and it muft remain there, till the difference be- 
tween the elafticity of the fteam below it, and the prefiure 
of the atmofphere, exceed this preponderancy. There muft, 
therefore> be a fmall fpace of time between the beginning of 
the condenfation and the beginning of the motion ; this is 
very fmall, not exceeding the third or fourth part of a 
fecond ; but it may be very diftin&ly obferved by an atten- 
tive fpedtator, who may perceive, that the inftant the iniec- 
tion-cock is opened, if the cylinder has the flighted yielding 
in its fufpenfion, it will heave upwards a little by tne prel- 
fure of the air on the bottom. Its own weight is not at all 
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tqual to this prefl’ure ; and inftead of its being neceffary to 
fupport it by a ftrong floor, it mud be kept down by large 
beams, loaded at the end with heavy walls. This heaving 
of the Cylinder (hews the inftantaneous commencement of the 
condenfation ; and it is not till after this has palled, that 
the pilton is feen to ftart, and begins to defeend. 

The motion mult continue till the great pifton reaches the 
bottom of the cylinder, becaufe it is not like the motion 
which would take place in a cylinder of air rarefied to the 
fame degree. In this latter cafe, the impelling force would be 
continually diminilhed, becaufe the capacity of the cylinder 
dimin idling by the defeent of the pifton, the air in it would 
continually become more denfe and elaftic, until the pifton 
would flop at a certain height, where the elalticity of the 
included air, together with the load at K, would balance the 
atmolpherical prellurc on the pifton. But when the con- 
tents of the cylinder are pure vapour, and the continued 
itreain of injedted cold water keeps down its temperature 
to the fame pitch as at the beginning, the elafticity of the 
remaining Iteam can never increafe by the defeent of the 
pifton, nor exceed what correfponds to the temperature, 
according to our table. The impelling or accelerating 
force, therefore, remains the fame ; and the delcent of the 
pifton will be accelerated almoft uniformly, unlefs there is 
an increafe of refiitance, arifing from the nature of the 
work performed by the other end of the beam. And 
it may be frequently obferved in a good fteam-engine, 
where every part is air-tight, that if the cylinder has been 
completely purged of common air before the fteam-cock 
is (hut, and if none has entered (ince, the pifton will defeend 
to the very bottom of the cylinder. It fometimes happens, 
by the great pump drawing air, or fome part of the com- 
munication-chains giving way, that the pifton defeends 
with fuch violence as to beat out the bottom of the 
cylinder with the blow, and it is to prevent this accident 
that the catch-pins arc applied at the end of the beam. 

When the manager lees the pifton as low as he thinks 
proper, he (huts the injection- cock, by deprefling the lever 
g ; and at the fame time he opens the regulator, by forcing 
down the handle o 9 which overfets the tumbling-bob, and 
its leg catching the crofs-pin of the fpanner, /, opens the 
regulator. 

The fleam has been accumulating above the water in the 
boiler during the whole time of the pifton’s delcent. The 
moment, therefore, that the fteam-cock is opened, the 
fleam, having an elafticity of rather more than one pound 
per fquare inch greater than that of the air, rallies into 
the cylinder, when it immediately blows open the fnifting- 
valves, and aflitts the water which had come in by the former 
injection, and what arofe from the condenfed fleam, to 
defeend by its own weight through the edu&ion-pipc S, 
and open the valve to run out into the hot-well R. 

This water is nearly boiling-hot, or at lead its Airfare ; 
for while lying in the bottom of the cylinder, it will con- 
denfe fleam till it acquires this temperature, and therefore 
cannot run down till it will condenle no more. There is 
a caufe of fome wafle of fleam at its fir ft admiflion, in order 
to heat the infide of the cylinder, and the injected water, to 
the boiling temperature ; but the fpace being fmill, and 
the whole being already very warm, it is very foon done ; 
and when things arc properly conftru&ed, little more is 
wanted than what will warm the cylinder ; for the edu&ion- 
pipe is made of large dimenfions, and receives fome of the in- 
je&ion-water even during the defeent of the pifton, and this 
portion will be removed out of the way of the fteam. 

The firft effect of the entering fteam is of great fervice 5 
it drives out of the cylinder the vapour which it finds there. 
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This is feldom pure fteam, or watery vapour, becaufe ail 
water contains a quantity of air in a ftatc of chemical union ; 
but the union is only feeble, and a boiling heat is fufficient 
for difengaging the greateft part of it, by increafing its 
elafticity. It may alfo be difengaged by fimply removing 
the external prefl'ure of the atmofphere. This is clearly 
feen when we expofe a glafs of water in an exhaufted re- 
ceiver. Therefore the fmall fpace below the pifton con- 
tains watery vapour, mixed with all the air which had been 
difengaged from the water in the boiler by ebullition, and 
all that was feparated from the injeif ion- water by the dimi- 
nution of external prefl'ure, in addition to any which may 
en*er by leakage. 

Let us now confidcr the (fate of the pifton, when fetting 
out on its return ; as it is evident that it will ftart, or begin to 
rife by the counter-weight, the moment the tleam-cock is 
opened ; for at that inftant the excefs of atmofpherical pref- 
fure, by which it was kept down in oppofition to the pre- 
ponderancy of the outer end of the beam, is dimiui(hed. 
At the firft inftant of the return of the pump-rods, they 
draw up the pifton with great violence, all the weight of the 
water in the pumps a&ing in addition to the counter-weight ; 
but the failing of the lower valves in the pumps, after an 
inch or two of motion, arrefts the further defeent of the 
water, and bear 5 * the weight of the column of water ; and 
after this the pifton will rife gradually by the a&ion of the 
counter-weight. 

The a&ion of the counter -weight is very different in the 
two motions of the engine ; for while the engine is making 
a working ftrokc, it is lifting not only the column of water 
in the pump, but the ablolute weight of the bucket-rods 
alfo ; and while the pump-rods are defeending, there is a 
diminution of the counter-weight, by the whole weight loft 
by the immerfion of the rod in water. The wooden rods; 
which are generally ufed being foaked in water, and joined 
by iron ftraps, are heavier, and but a little heavier, than 
water, and they are generally about one-third of the bulk 
of the water in the pumps. 

By this counter-weight the pifton is drawn upwards ; and 
it would even rife, although the ileam which is admitted 
was not quite fo elaftic as common air. 

Suppofc the mercury in the barometer to Hand at 30 
inches, and that the preponderancy at the outer end of the 
beam was equal to .^th of the prellurc of the air on the 
pifton, the pifton would not rife until the elafticity of the 
fteam was equal to 30 — ■£, that is, to 26 J inches nearly; but 
if the fteam was juft equal to this quantity, the pifton would 
rife as fall as the fteam of that denfity could be fupplied to 
the cylinder through the Iteam-pipe ; and on this fuppo- 
fition, the velocity of the afeent would depend on the velocity 
of that fupply. But this is not the cafe in practice, becaufe 
the fteam mull be ftronger than the air, in order to blow 
out and difeharge the air ; it will therefore enter the cylin- 
der without any effort on the pifton to drawer fuck it in. 
At the fame time, the counter-weight muft not be fo great as 
to draw up the pifton with that force which will caufe a 
fu&ion within the cylinder greater than the fteam-pipe can 
fupply, or it would diminilh the prefiure of the fteam within 
the cylinder lower than the atmofphere, and prevent it from 
fnifting or blowing out the air. 

In filling the cylinder with fteam, it will require a much 
more copious fupply of fteam than merely to fill up the 
fpace left by the afeent of the pifton ; for as the defeent of 
the pifton was only in confequence of the vacuum occa- 
fioned by the interior of the cylinder being fufliciently 
cooled to condenfe the fteam, this cooled furface mull 
be again prefen ted to the fteam during the rife of the 
7 
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pifton, and mud condenfc fleam a fecond time. The pifton 
cannot rife another inch, till that part of the cylinder 
which the pifton has already quitted has been warmed up 
to the boiling point, and much (learn mu(l be expended in 
this warming ; for the inner fur face of the cylinder mult not 
only be railed to the heat of boiling water while the pifton 
rifes, but mull alfo be made perfectly dry ; and the film of 
water left on it by the afeending pifton mull be completely 
evaporated, otherwife it will continue to condenfc Hearn. 

On this account, although the counter-weight is not ne- 
ceffary to luck in the fleam, the moving force during the 
afeent of the pifton mud be confidcred as refulting chiefly, 
if not folely, from the preponderating weight of the great 
pump-rods ; and this force is expended partly in return- 
ing the lleam-pillon to the top of the cylinder, where it 
may be a train prefled down by the air, and make another 
working llroke by raifing the pump-rods ; and partly in re- 
turning the pump-buckets into their places at the bottom 
of their refpeitivc working barrels, in order that they may 
alfo make another working (troke. This latter requires force 
independent of the friction and inertia of the moving parts ; 
for each bucket mu ft be pu filed down through the water 
in the barrel, which mull lift up and rife through the valves 
in the bucket with a velocity proportioned to the velocity 
of the bucket, m the fame degree as the area of the pump- 
barrel is proportioned to the opening of the valves through 
which the water mu ft pafs. 

From this general conlideration of the afeent of the pifton, 
we may fee that the motion differs greatly from the delccnt ; 
it can hardly be luppofed to accelerate, even if the fleam 
was fupplied to the cylinder in ever fucli quantity ; for the 
refiftance to the dcfcent of the pump-bucket is the fame 
with the weight of the column of water, which would caufc 
water to flow through the valves of the buckets with the 
velocity with which it really rifes through them, and this rc- 
fillance mult therefore increafe as the fquarc of that velocity 
increafe* ; that is, as the fquare of the velocity with which 
the bucket defeends. Independent of the force of friftion, 
and the weight of the valves, the velocity of defccrit through 
the water mull loon become a maximum, and the motion will 
become uniform. Accordingly, any one who obferves with 
attention the working of a fteam-engine, will fee that the 
rife of the pifton and defeent of the pump-rods are extremely 
uniform, whereas the working ftroke is very fenfibly acce- 
lerated. 

Theft* two motions complete the period of the operation, 
and the whole may be repeated by (hutting the regulator, 
and opening the injedlion-cock whenever the pilton has at- 
tained the proper height. For the firft two or three ftrokes, 
the opening and (hutting of the cocks are performed by the 
attendant ; but when he lias thus afeortained that ail parts 
are in order, he puts pins into the holes of the plug-frame, 
and the motion of the engine will then a&uatc its own ma- 
chinery, and perform its reciprocations with greater regu- 
larity than can be done by hand. 

Particulars of different Paris of the Atmoffhcric Engine . — 
We (hall now pay fome attention to the conftru£lion of the 
parts of this engine, and notice fome further particulars. 

The furnace or fire-place (hould not have the grate-bars fo 
clofe as to prevent the free admillion of air, nor fo open as 
to let the coals fall through. About two inches are fufficient 
for the diftance betwixt the bars. The height from the bars 
to the bottom of t he boiler in the centre fhould not be more 
than two feet, and the concavity or rife of the bottom in the 
centre about one foot. 

The ii7c of the furnace depends upon the fize of the 

boiler ; but in every cafe the afti-hole ought to be capacious, 
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to admit the a»r. Tf the flame is conduced in a flue or 
chimney round the out fide of the boiier, or in a pipe round 
the infidc of it, it ought to be gradually dimmiihed from its 
entrance at the furnace to its egrtfs at the chimney; and the 
fc&ion of the chimney at that place (hould not exceed the 
fedlion of the flue or pipe, and fhouid alfo be fomewhat lefs 
at the chimney -top 

The boiler or vcfi'el, in which the fleam is made by the 
force of fire, may be formed of iron plates, or copper, or of 
call -iron, the bottom being of fucli materials as can with ft and 
the effects of the fire, and have fuflicieut ftrength to retain 
theelaftic force of the fleam. It maybe confidcred as con- 
filling of two parts; an upper part, which is expofed to 
the fleam, and an under part, which is expofed to the fire. 
The form of the latter (hould be fuch as to receive the full 
force of the fire in the moll advantageous manner, fo that a 
certain quantity of fuel may have the greatell pofliblc efted 
in heating and evaporating the water ; which is bed done by 
making the (ides cylindrical, and the bottom a little concave, 
and then conducting the flame by an iron flue or pipe round 
the in fide of the boiler, beneath the furface of the water, be- 
fore it reaches the chimney. For by this means, after the fire 
in the furnace has heated the water by its cffedl on the bot- 
tom, the flame heats it again by the pipe being wholly in- 
cluded in the water, and having every part of its furface in 
contaCl with it ; which is preferable to carrying it m a flue 
or chimney round the outfidc of the boiler, as a third or a 
half of the furface of the flame only can be in contad 
with the boiler, the other being fpent upon the brick-work. 
This cylindric lower part may be lefs in its diameter than 
the upper part, and may contain from three to five feet per- 
pendicular height of water in it. 

The upper part of the boiler is bell made hemifpherical 
for refilling the clafticity of the fleam ; yet any other form 
may do, provided it be of fufficient ftrength for the purpofe. 

The quick going of the engine depends much upon the 
capacioulnefs of the boiler-top ; for if it be too (mall, it 
requires the fteam to be heated to a greater degree to increafe 
its clailic force fufficiently to work the engine, and then the 
condenfation on entering the cylinder will be greater. If 
the top is fo capacious as to contain eight or ten times the 
quantity of fleam ufed at each ftroke, it will require no 
more fire to preferve its elafticity than is fufficient to keep 
the water in a proper (late of boiling ; this, therefore, is a 
fufficient fize for the boiler-top. 

It is ufual to place a damper, or iron Aider, in the chim- 
ney, or in the flue leading into the chimney ; and this has a 
chain or lever, by which tnc attendant can regulate the aper- 
ture of the chimney, and confequently the draught of the (ire, 
fo as to keep the fteam to a great regularity : for it is evi- 
dent, that when the engine works (lowly, it will require lefs 
fteam and fuel than when working rapidly ; and without the 
damper, the engine would be conftantly expofed to an ex- 
cefs or deficiency in the fupply of fteam. The boiler is, in 
(ome engines, placed immediately beneath the cylinder, the 
fame as reprefented in Plate III. ; and then the regulator 
is placed immediately within the boiler, and a&8 againft the 
under furface of its top, in the fame manner as in the firft 
engine of captain Savery, who invented the regulator. 

It was a fubfequent improvement of Newcomen’s en- 
gine to remove the boiler from immediately beneath the 
cylinder to a fmall filed on the outfide of the engine-houfe ; 
by this means the height of the building is confiderably re- 
duced ; and as the wall which fupports the beam-centre 
does not require to be carried to fo great a height, it is more 
enabled to withftand the violent (hocks to which it is conftant- 
ly fubje&ed from the working of the engine. Another and 
H 2 
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ttill greater advantage is, that two boilers can be employed ; 
or when the original boiler requires to be repaired or re- 
newed, it can be replaced by erefting another at one fide, 
and carrying another fteam-pipe to the (team-box : in this 
way the working of the engine can be continued without any 
Itoppage ; a circumftance of the greateft importance where 
the water mull be conftantly kept drained. 

In either cafe, whether the regulator is placed in the 
boiler ltlelf, or in the fteam-box beneath the cylinder, it 19 
conftrufted in the manner reprefejited in Plate II. fig* 2. It 
is a flat plate of brafs, in fliape refembling a fan, the upper 
furface of which applies itfelf exaftly to the whole circum- 
ference of the orifice of the (team-pipe, and completely ex- 
cludes the (team from the cylinder, being moveable round 
an upright axis Q, which is accurately fitted into a conical 
focket coming through the lid of the fteam-box. It can 
be turned afide by a lever, or handle, on the upper end of 
this axis, fo as to uncover or open the paffage. The pro- 
file (hews that, in the feftion of this plate, there is a 
protuberance in the middle. This refts on a ftrong flat 
fpring, fixed below it, acrofs the mouth of the fteam-pipe, 
which fpring prefles it flrongly towards the fteam-pipe, 
caufing it to apply very clofe, and the protuberance Aides 
along the fpring, while the regulator turns to the right or 
left. Both the handle of the regulator, and the end of the 
rod or fpanner it, jig. 1, are pierced with feveral holes, and 
a pin is put through them, which unites them by a joint. 
The motion of the handle of the regulator may be increafed 
or diminifhed, by choofing for the joint a hole near to the 
axis or remote from it, and the exaft pofition at which the 
regulator is to Hop on both Tides is determined by pins 
ftuck in a horizontal bar, on which the end of the handle 
refts. 

The tumbling-bob of the Y has a long leather check- 
ftrap faftened to it by the middle, and the two ends of the 
(trap are faftened to the beams above it in fuch a manner, 
that the lump may be alternately catched, and held up to 
the right and left of the perpendicular. By adjufting the 
length of the two parts of the ftrap, the Y may be Hopped 
in any defired pofition. The two legs of the fork fpread out 
from each other, and alfo from the line of the ilalk, thus 
and they are of fuch length as to reach the horizontal pin, 
which crudes the fork or ftirrup of the fpanner below. 

Now, fuppofe the pin of the fpanner hanging perpendi- 
cularly beneath the axis, and the ftalk of the Y alfo held per- 
pendicular, carry it a little outward from the cylinder, and 
then let it go, it will fall farther out of its weight, without 
affefting the flircup of the fpanner, till the inner leg ftnkes 
on the horizontal pin of the ftirrup, and then it pufhes the 
pin of the ftirrup and the fpanner towards the cylinder, 
and (huts the regulator. It thus fets the regulator in motion 
with a fmart jerk, which is an effectual way of overcoming 
the cohefion and friftion of the regulator againft the mouth 
of the fteam-pipe. This pufh is adjufted to the proper 
length by the check-ftrap, which flops the Y when it has 
gone far enough. If we now take hold of the ftalk of the 
Y, and move it up to the perpendicular, the width between 
its claws is fuch as to permit this motion, and fomething 
more, without affefting the ftirrup. But when pufhed Hill 
nearer to the cylinder, it tumbles fuddenly towards it by 
its own weight, and then the other leg of the fork ftrikes 
the pin of the ftirrup of the fpanner m the oppofite direc- 
tion, till the bob is checked by the ftrap. 

Thus, by the motion of the Y, the regulator is open and 
fluit fuddenly. This opening and (hutting of the fteam- 
pafTage are executed in the precife moment that is proper, 
by placing the pins in the plug-beam, which aft upon the 
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handles 0 and p, at a proper height. For this reafon, it is 
pierced through with a great number of holes, that the 
places of theie pins may be varied at pleafure: this, and 
a proper curvature of the handles 0 and p t make the adjuft- 
ment as nice as we pleafe. 

In the fame manner the motions of the injeftion-cock are 
alfo adjufted to aft at the precife moment that is proper for 
them. The different pins are fo placed in the plug-frame, that 
the fleam- cock may be completely fliut before the injeftion- 
cock is opened. The inherent motion of the machine, or the 
momentum of its parts, will give a fmall addition to the 
afeent of the pifton, without expending fleam all the while, 
and by leaving the (team rather lefs elaftic than before, the 
fubfequent defeent of the pifton is promoted. 

The injeftion-cock is frequently provided with a tum- 
bling-bob, to make it open fuddenly. This is an arm ex- 
tending from the centre of the F, or lever q, upon which the 
toothed feftor is fixed, and having at its extremity a fuffi- 
cient weight to open the cock in an inftaut. When this 
weight is lifted up to its utmoft, the cock is (hut, and in 
this pofition the weight is detained by a fmall latch, which 
is lifted up by a pm in the plug-frame, at the moment when 
the pifton arrives at the top of the cylinder, and thus re- 
leafing the weight, it falls all at once, and opens the cock 
in an inftant ; but when the pifton defeends nearly to the 
bottom, another pin in the plug-frame takes the handle 
of the feftor, and gradually doling the cock, raifes the 
weight till the latch detains it, which happens when the 
pifton is quite at the bottom of its motion. 

Theinjeftion-cock ought to be opened fuddenly ; but there 
is much propriety in clofing it gradually : for after the firft 
dafti of tne cold water againft the bottom of the pifton, the 
condenfation is nearly complete, and very little more water 
is neceffary, although a continual acceftion of fome is ab- 
folutely required for completing the condenfation as the 
capacity of the cylinder diminifhes, and the water which is 
already injefted becomes warmed. It is the continuance of 
this fmall injeftion which prevents the vapour in the cylinder 
becoming more denfe as the pifton defeends. 

The effeft of the injeftion in condenfing the fleam in the 
cylinder depends upon the height of the refervoir and dia- 
meter of the ajutage : if the engine makes a fix-feet ftroke, 
then the jack-head ciftern (hould be at leaft twelve feet per- 
pendicular above the top of the cylinder. The fize of the 
ajutage mult depend upon the capacity of the cylinder, as 
we (hall (hew by a table ; but if the cylinder be very large, 
it is common to have three or four fmall holes rather than 
one large one, in order that the jet may be difperfed the more 
effeftually through the whole capacity of the cylinder. The 
injeftion-pipe, or pipe of conduft, (hould be fumciently large 
to fupply the injeftion freely with water. The injeftion- 
ciftern is the common fource from which all the parts of the 
machine receive their refpeftive fupplies of cold water. In 
the firft place, the fmall branch /, which proceeds from the 
pipe P, immediately below the ciftern, and is condufted to 
the top of the cylinder, has a cock at the end, which muft 
be fo adjufted, that no more water will run from it than 
what will keep a conftant fupply of a few inches of water 
above the pilton to keep it tight. Every time the pifton 
comes to the top of the cylinder it will bring the water 
along with it, and the furplus of its evaporation and leakage 
runs off by a wafte-pipe w* This water neceffarily becomes 
almoft boiling-hot, and it was thought proper to employ 
its overplus for fupplying the wafte of the boiler. This 
was accordingly praftifed for fome time ; but Mr. Beigh- 
ton improved this economical thought by fupplying the 
boiler from the eduftioo-pipe S, the water of which 
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coming From the cylinder, muft be ftill hotter than that 
above the pi A on. 

This contrivance required attention to feveral circum- 
stances, which will be eafily underftood by confidering the 
perfpe&ive view. The edudion-pipe comes out of the 
bottom of the cylinder in an inclined direction, and defeends 
into the hot- well K, where it turns up, and is covered with 
a valve : in the perlpedive view may be obferved an upright 
pipe T, which goes through the head of the boiler, and 
reaches to within a few inches of its bottom. This pipe is 
called the feeder, and rifes about three or four feet above 
the furface of the water in the boiler : it is open at both 
ends, and has a horizontal branch from its upper end, com- 
municating with the hot-weli R. This communicating branch 
has a cock, by which its paffage may be diminilhed at plea- 
furc. Now, fuppofing the fleam in the boiler to be very 
ilrong, it will caufe the boiling water to rife in the feeding- 
uipe T, and palling along this branch, to rife alfo in the 
hot -well, and run over. The height of the furface of 
water in the hot-well, above the furface of tht water in the 
boiltr, is luch, that the (team is never ftroug enough to pro- 
duce this effedt ; bet, on the contrary . the water in the 
hot-well will run off by the branch, and go down into the 
boiler by the feeding pipe, as faff as the opening of the cock 
will admit. Thefe things being underllnod, let us fuppole 
a quantity of injeded water lying at the bottom of the 
cylinder, it will . un into the edudion-pipe S, and op» .n:ig 
the valve in the bottom, will flow into the hot-w* II. By 
properly adjufting the cock on the branch of T, the boiler 
may be fupplied with water as fall as the watte in fleam- 
engine requires. 

The (mall quantity that is neceffary to fupply the boiler 
might be immediately taken from tiie cold cittern, without 
fenlibly dimimfhing the produdion of fleam ; for the qunn- 
tity of heat neceffary for railing the (enfible heat of c. >ld 
water to that of the boiling temperatuie is Imall, when 
compared with the quantity of heat that mutt be combined 
with it, in order to convert it into fteam. The heat ex- 
pended in boiling off a cubic foot of water, is as much 
as would bring fix cubic feet to a boiling heat from the 
temperature of 55 0 ; and little differtnee can be obferved 
in the performance of fuch engines as 3re feu with hot water, 
and thofe which have their boilers fupplied from a brook. 
The hot water has, however, the advantage of being free 
from air ; and when an engine muft derive all its fupplies 
from pit- water, the water from the edudion-pipe is far 
preferable to that from the top of the cylinder, becaufe it 
lias been in a meafure boiled and diftilled. 

The interior furface of the cylinder requires to be bored 
with great exadnefs ; and it muft have a iufhcicnt thicknefe 
of metal to refill the prdlure of the atmolphere, without 
bending or altering its figure. The pifton is made of caft- 
iron, as nearly as poflible to fit the infide of the cylinder, 
and has all round it, within two inches of the edge, a cir- 
cular ledge or rim projecting upwards from it, which is 
both to itrengthen the pi (ton, and alfo to leave a fpace 
round between it and the fide of the cylinder, to receive the 
packing or wadding which keeps the pifton tight. Mr. 
Smeaton, who made the beft engines on Newcomen’s plan, 
caufed the lower furface of the pifton to be always planked 
with elm or beech, about 2j inches thick. The planking 
confided of two broad planks, crofiing each other at right 
angles, and halved into each other at the interfediion, fo as 
to come to an equal thicknefs : the remaining parts or 
fedtors between the arms of this crofs were filled up with 
pieces of the fame plank, well tongued and fitted together, 
and bolted faft to the caft-iron of the pifton with one or 
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two iron rings, let in flat under the lower furface to make it 
Itrong : the whole was furrounded with an iron hoop, a 
quarter of an inch lefs than the internal diameter of the 
cylinder. In this cafe, the caft-iron pitton was made lefs 
than the wood which formed the bottom of the groove, to 
receive the wadding, whilft the edge of the caft-iron formed 
the upright fide thereof. The wooden bottom was ferewed 
to the iron with a double thicknefs of flannel and tar, to 
exclude the air between the iron and the wood. By this 
means the pifton was lefs liable to condudt heat 5 and ihe 
wood, being placed with the radiating 11. all directions 
from’ the centre, was not liable to expand by the wet. The 
(hank of the pill on is made with wo prongs, to unite it 
firmly to the pttton ; and if the em is large, it has four 
prongs, to balance it equally ; and the (hank mull alfo have 
two or foui chains upon the arch-head. But the chains, 
when more than one is 11 fed, muft be united in pairs to the 
ends of a (hurt horizontal link ; and from the middle of this 
the (hank muft be fufpended, by which means the (train 
will be equally divided between the two chains. When 
there are loui chai: s, they mutt be divided into two pairs, 
with h.^rzontal links as above; and the middle parts of 
thele two linkr mult be united to the ends of a longer hori- 
zontal link, from the middle of which the (hank of the pif- 
ton is hung : and in this way all the four chains will bear 
equally. 

The upper ends of the chains are jointed to the ends of 
Itrong iron bars, fupported on the ends of the arch-hcads ; 
and at the other ends bolted to the top of the beam, by 
wuich means they brace the arch-head. 

The original method of making the great working beam 
was to employ a large tree, and to place the gudgeon or ful- 
crum under the middle of it, with proper bands to fatten it. 
The framed beam, reprefented in the view, was made by 
Mr. Smeaton : the two middle pieces arc formed of whole 
balks, 12 inches fquare, put together with the gudgeon 
between them, which is five inches thick, and notched into 
the beams, to make it keep its place : the ends of the 
beams are then fprung together, and bolted faft. This being 
done, another pair of timbers is applied on the outfide of 
the two former, and others on the outfide of thefe, for the 
larged engines, making ten balks in the whole. When all 
thefe are firmly united, feveral mortifes are cut through be- 
tween the joints, as fhewn by the fmall fquare marks in the 
figure ; and into thefe, hard oak wedges are driven, fo that 
they will be half in each beam, and prevent them from flip- 
ping or Hiding upon each other in the leall ; and, in this 
cafe, the beams adt as tics by the longitudinal ttrength 
rather than their flexibility. The great beams which im- 
pend the cylinder, and extend acrofs the houfe, are com- 
pounded of feveral pieces, in the fame manner ; and the 
cylinder has a projedting flanch from the middle of it, to 
bolt it down to ,the beams. 

The pump-rods or fpears, K, are made of wood, with iron 
ftraps let in and bolted to them at each end, to join them 
together : they are made of fir, which is very good wood, 
as it will bear a great ftrain endways, if the iron ftraps are 
well fitted, and can be obtained in very long pieces. When 
a mine is of a confiderable depth, the pumps cannot be 
made to lift the whole at once ; but the pit muft be divided 
into two, three, or four lifts, and as many different pumps 
employed; each lifting the water into a cittern, for the 
fupply of that which is above it. Fifty yards are as much as 
is proper for each lift, but in fome very deep mines they 
are obliged to make them more. It is very difficult, in 
thefe cafes, to make all the pipes fufficiently itrong to bear 
the prefiure of the water, particularly the (hock which takes 
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place when the whole column of water falls upon the 
valves in (hutting : the blow which they then make is like 
the itroke of a forge-hammer, and foon beats every thing to 
pieces. The only effe&ual remedy is the addition of an air- 
veffel at the fide of the pump ; but in general the miner 
makes a hole in the fu&ion-pipe of the pump, juft below 
the clack, and fixes in a cock, with a fmall valve opening 
outwards : through this they admit a certain quantity of 
air every time the pump draws, and this air, mixing with 
the water in the barrel, condenfes, when the valves (hut 
fudderily, and by its elafticity eafes the violence of the 
fhock. When the mine is pumped almoft dry, the engine 
will draw a little air at every ftroke, at the bottom of the 
pipes ; and this anfwers the fame purpofe. See a deferip- 
tion of a new pump for mining in our article Pump. 

Rules for determining the Proportions of Atmofpheric Engines . 
—Mr. Newcomen brought forward his engine at a time 
when almoft all the valuable mines in England were coming 
to a ftand for want of more powerful or cheaper machines 
than were then known ; and in coniequence, in a few 
years his invention was put in pra&ice at almoft all the 
mines then exifting ; and new ones were opened in fitua- 
tion8 where it would have been impoflible to have done it 
before. The firft perfect engine which they erected at 
Griff, in Warwickfhire, had only a 2 2 -inch cylinder, and it 
was many years before any were made fo large as 36 : 
thofe which we now call fmall engines, were fo much more 
powerful than any former means of draining water, that 
they were amply fufficient, until the mines, by growing 
deeper, required more power. The moft obvious means of 
increafing the force was to change the cylinder for a larger 
one, and this was moft frequently done one or more times ; 
and then, when the beam and other parts would bear no 
greater ftrain, a new and larger engine was erefted. In this 
manner they proceeded for many years, until, by gradual in- 
creafe, the cylinders for common ufe had reached the 
enormous powers of 50, 60, and 72 inches diameter. 

When it became impracticable to extend them much 
larger, engineers began to confider the means of improving 
their performance without increafing their dimenfions : alfo, 
the confumption of fuel in thefe large engines was fo lerious 
an cxpence, as to balance the profits of many mines. 

At firft the fuel was not confidercd as an objeft, becaufe 
the (team-engine, on the whole, was found fo much cheaper 
than any other means of draining water. The beft engineers 
were thofe who made engines which would fulfil the tafk 
alligned to them, and, in comparifon to their dimenfions and 
expcnce of eredlion, would draw the moft water, and be 
the moft certain in the continuance of their operation. We 
have no accounts of the quantity of fuel confumed by any 
of thofe early engines, in proportion to the water which 
they raifed to any given height ; but the rules by which 
they apportioned their cylinders to the work to be performed 
have been preferved. 

Defaguliers tells us, that Mr. Newcomen's way of finding 
the power of his engine, was to fquarc the diameter of the 
cylinder in inches, and cut off the laft figure, and then call 
it long hundred weights ; and writing a cypher on the right 
hand, he called the number on that fide odd pounds : this he 
reckoned tolerably exad at a mean, or rather when the baro- 
meter was at 30 inches, and the air heavy. The effed of 
cutting off the laft figure from the fquare of the diameter, 
is to divide the number of fupcrficial circular inches on the 
pifton's furface into portions of 10 circular inches each j and 
as the preffure on each of thefe portions is eftiinatcd at a 
long hundred weight, or 120 lbs., the preffure will be 
1 20 -r 10 = 12 lbs. per circular inch, or 15.3 lbs. per fquare 
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inch : this, however, muftbe confidered as the full preffure 
of the atmofphere, if the vacuum was perfed. But to corn- 
pen fate for imperfedion, Newcomen allowed between one- 
third and one-fourth part, and alfo for what is loft in the 
friction of the feveral parts, and for accidents. If, inltead 
of the long hundred of 120 lb' ., Newcomen had taken the 
common hundred of 1 1 2 lbs., he would have had 112 -7- 10 
= 1 1.2 lbs. per circular inch, or 14^ lbs. per fquare inch, 
which is ft ill nearer the medium prciiure of the atmofphere. 

Defaguliers fays this rule will agree pretty well with the 
work at Griff engine, there being lifted at every ftroke be- 
tween two-thirds and three-fourths of the weight of the 
atmolpherical column prefling on the pifton ; i, e . between 
10 and 1 1^ lbs. on each fquare inch. To give the cftimation 
in round numbers, the diameter of the cylinder of Griff engine 
will be = 22 inches ; this fquared is 484 ; cut off the lafl 
figure, and we have 48cwt. 40 lbs. for the preffure of the 
atmofphere. The column of water in the pumps weighs 
about 27^ cwt., to which adding the weight of 73 yards of 
iron rods, equal about 9 cwt., the weight lifted at the end 
of the beam would be 36^ cwt., from which we muff fub- 
tra6f about 4 cwt. for the pifton, and the other weight at 
that end of the beam, reducing the load to 32-* cwt. ; lo 
that the weight of the atmofphere being 48 cwt. 40 lbs. 
raifes a weight of 32^ cwt. with a velocity of fix feet m 
two feconds, confidermg only the defeending ftroke of the 
pitton. This requires an effective preflure on the pifton of 
nearly 1 1 lbs. per fquare inch, including friction and counter- 
weight ; but to balance the weight of the water in the pump, 
demands a preffure of only 8 lbs. per fquare inch of the 
pifton. 

In calculating the powers of the fleam-engine, it has been 
a common miltake with engineers to take into the account no 
other circumltances than the diameter of the cylinder, and 
the perpendicular height and diameter of the pumps ; from 
which they calculate only what burthen is laid upon each 
fquare inch of the cylinder or pifton area, fuppofing the 
pifton to be at reft, but without paying any regard to the 
velocity of the engine's motions under iiich burthen, or the 
number of flrokes per minute. Without taking thefe parti- 
culars into the account, it is impollible to calculate the 
quantity of water raifed to a given height, which is the only 
means of obtaining the exad power or ading force of an 
engine: it would be like attempting to meafure the contents 
of a folid body by only two dimenfions. Steam-engines 
have at different times been calculated to carry a load varying 
from 5 lbs. to upwards of 10 lbs. to the fquare inch ; but 
when working with the light preffure of 5 lbs. to the inch, 
they are expected to go with double the velocity ; that is, the 
pilton to move through double the fpacc in the fame time 
that it would with a preflure of 10 lbs. In this cafe the fame 
quantity of water would be raifed to a given height in the 
fame fpace of time. In the (team -engine, as well as in 
other machines, there is a maximum, which cannot be ex- 
ceeded without applying fome new principle ; and though 
by bad workmanfhip an engine may fall fhort of what it 
fhould do, the beft workmanlhip can only produce a certain 
effect. 

In eftimating the power or effed of engines in this 
manner by the pounds per inch in the area of the pifton, 
it muft be confidered as the clear product of the engine in 
the column of water it will raife, abftraded of all deduc- 
tions for fridion, counter-weight, &c. For, by attending 
to the different lifts of pumps in the engine-fhaft of a coal 
or a copper mine, we find that we muft, befide the altitudes 
and the diameters, take into the account the fridion of the 
buckets, and of the water on the fides of the pumps; the 
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opening of tlrong double-leathered valves, together with the 
Hones and gravel that enter at the foot of the pump ; the 
inertia of the pump-rods, the chains, the maflive lever placed 
between the cylinder and the pumps, all to be overcome by 
the preflure on the pillon, in addition to the 7 or 8 lbs.^r 
fquarc inch, Thefe additions to the power required for the 
mere railing of the water are fo conliderable, as to be at 
lealt equal to half what is required for the work performed : 
this will raife the real a&ing preflure of the almofpherc to 
iqL or i2lbs. per fquarc inch. When this is the cafe, the 
vapour which remains in the cylinder mull be equal in pref- 
lure to 4^ or 3 lbs. per fquarc inch ; and this, by our lirlt 
tableof expanlion, will indicate a temperature of from 155 0 
to I42 0 of Fahrenheit. 

In general, the water in the hot- well indicates a lower tem- 
perature than this ; but although we have but little inform- 
ation concerning the Hate of the vacuum in the atmofphcric en- 
gines, when working in their ufual Hate, it mull be conli- 
derably more perfect than has been fuggeded by the idea of 
a preflure of 8 lbs. per inch : for an engine carrying a load of 
7 1 lbs. on the fquarc inch of the pillon, together with the 
trillion and inertia, even in large engines, cannot be Id’s 
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than 1 1* lbs. on the inch. Mr. Ilornblower informs us 
that he tried the vacuum of feveral engines in the county 
of Cornwall ; and in one, which was reckoned the lealt, 
the vacuum in the cylinder brought the barometer-gauge to 
23, and fometimes 24 indies, mllead of 30 inches, at which 
it would have Hood if the vacuum was perfedt. If we take 
the extreme of thefe obfer .»tiun*, it will be 1 1.6 lbs. on each 
fquare inch. 

Mr. Henry Beighton leans to have been the firlt who re- 
duced the fleam-engine to any degree of certainly in its 
operations, and laid down the rules for calculating its 
powers. Beighton was a mathematician as well as an en- 
gineer, and conduced the Ladies JDiary from j 7 14 to 
1744. For feveral years he lived at Grill*, and had conlLuit 
opportunities of trying experiments on engines. 

We have before noticed his invention of the working- 
gear, or mechanifm, by which the regulator and fleam-cock 
are alternately opened and Ihut. In 1717, Mr. Beighton 
publilhed the following table of the necellary proportions 
of the cylinders of engines to the pumps, when drawing 
water at different depths, from 15 to 100 yards, in different 
quantities, from 48 to 480 hoglhead . per hour. 



Thi% table is formed on the foundation of the ale-gallon, 
(containing 282 cubic inches,) which, when tilled with pure 
running water, weighs 10 lbs. 3 oz. avoirdupois ; and a fuper- 
flcial inch, on a vacuum, takes in about 14 lbs. 13 oz. of 
the atmofphere, when the mercury Hands at a medium in the 
barometer. 

But allowing for feveral friftions, and to give a confider- 
able velocity to the engine, experience havS taught us to allow 
but little more than 8 lbs. to an inch in the cylinder’s bafe, 
that it may make about 16 llrokes in a minute, at about 
fix feet each. 

An Example for the Ufe of this Table . — Suppofe it was re- 
quired to draw 150 hoglhcads per hour, at 90 yards deep ; in 
the feventh column, I feck the nearell number, viz. 149 hog- 


fheads, and again It it, in the firH column, I find a pump of 
feven-inch bore ; then under 90, the depth on the right hand 
in the fame line, I have 27 inches, the diameter of the cylinder 
fit for that purpofe, and fo for any other. Henry Beighton. 

This eftimation of 8 lbs. preflure for each fquare inch 
continued for many years to be the rule with engineer# 
who conltru&ed their engines according to this proportion ; 
and if the engines were of a better or worfe conflru&ion, 
they would move with a greater or lefs velocity, becaufe all 
the excefs of preflure which could be obtained above the 
8 lbs. was appropriated to overcome the fri&ion and vis 
inertia of the machine ; and alfo to raife the counter- weight : 
if, therefore, this additional quantity was greater or lefs, the 
engine would move quicker, and raife a greater quantity of 
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water in the fame time. Mr. Beighton expcfted hi* engine 
to move 1 6 ftrokes per minute, of fix feet each, or 96 feet of 
motion per minute ; but fucceeding engineers found them 
feldom to come up to this, and then began to diminifh the 
burthen to 7 lbs. per fquare inch, and even 6 lbs., in order 
to obtain a greater velocity of motion. 

The celebrated engineer Mr. John Smeaton carried the 
engine of Newcomen to perhaps as great a degree of per- 
fection as its principle admitted. Having conflant occafion to 
employ large (team-engines in the threat works which he ex- 
ecuted, he turned his attention to confider the means of im- 
proving their effeCt, and diminifiling the confumption of fuel. 
In calculating the proportions for an engine for the New 
River Company, in 1767, he confidered that the Itoppagc 
of the water at every (troke, as well as putting the lever- 
beam, pifton, heavy rods, and chains, from a ftate of reft 
into motion, twice at every ftroke, was a great lofs of 
power ; he therefore determined to work the engine flower, 
and with larger pumps, and put upon the pifton all the load 
it would bear. To reduce the velocity of the column of 
water ftill more, he would place the fulcrum of the beam out of 
the centre, and make the ftroke of the pifton nine feet, whilft 
the pump which lifted 36 feet fhould work with only a fix- 
feet ftroke. This arrangement obliged him to employ a long 
narrow cylinder, of only 18 inches diameter, and from this 
he alfo expeC^ed to obtain other advantages ; viz, that every 
part of the fteam, being nearer the furface of the cylinder, 
would be more readily condenfed ; and, in confequence 
that a lefs quantity of injeCtion-water would ferve the cylin- 
der, which would itfelf be more heated. Under all thefe 
appearances of advantage, he ventured to burden the pifton 
with a preffure of 104 lbs. per inch. Thus, area of pifton 

S i8 inches diameter) 254 ; weight of the column of water 36 
eet in the pump 9 , 18 inches diameter, 3960 lbs., of which 
take £ths for the difference of the length of ftroke, and it 
gives 2640 lbs. for the weight to be lifted by the pifton ; and 
dividing 2640 by 254, the area of the pifton, gives 10.4 lbs. 
preffure per inch. u Having once feen a common engine 
ftruggle under this burthen, I thought myfelf (fays this in- 
genious engineer) quite fecure under thofe advantages ; but 
now great was my furprize and mortification, to find that, 
inftead of requiring lefs inje&ion-water than common, al- 
though the injel£lion-pump was calculated to afford as much 
inje6tion-water as ufual, in proportion to the area of the 
cylinder, with a fufficient overplus to anfwer all imaginable 
wants, it was unable to fupport the engine with inje&ion ; 
and that two men were obliged to aflift to raife the inje&ion- 
water quicker by hand, to keep the engine in motion : at 
the fame time that the cylinder was fo cold, I could keep 
my hand upon any part of it, and bear it for a length of 
time in the hot-well. By good fortune, the engine per- 
formed the work it was appointed to do, as to the railing of 
water ; but the coals by no means anfwered my calculation. 
The injc&ion-pump being enlarged, the engine was in a 
ftate ot doing bufmefs, and I tried many fmaller experi- 
ments, but without any good effe&, till I altered the ful- 
crum of the beam fo much, as reduced the load upon the 
pifton from 10^ lbs. to 8^ lbs. per inch. Under this load, 
though it ihortened the ftroke at the pump-end, the engine 
went fo much quicker, as not only to raife more water, 
but confume lefs coals, took lefs inje&ion-water, the cylin- 
der become hot, and the injection-water came out at 1 80° of 
Fahrenheit ; and the engine in every refpe£t not only did its 
work better, but went more pleafantly. This at once con- 
vinced me that a confiderable degree of condenfation of the 
fteam took place in entering the cylinder, and that I had 
loft more this way by the coldnefs of the cylinder, than I 
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had gained by the increafe of load. In fhort, this iingle 
alteration feemed to have unfettered the engine ; but in what 
degree this condenfation took place under different circum- 
ftances of heat, and where to ftrike the medium, fo as upon 
the whole to do beft, was ftill unknown to me. But refolving, 
if poflible, to make myfelf mailer of the fubje&, I imme- 
diately began to build a fmall fire-engine at home, that I 
could eafily convert into different fhapes for experiments, 
and which engine was very near ready to fet to work in the 
winter of 1769.” 

With this experimental engine, which i9 reprefented in 
Plate III. Steam-Engine, Mr. Smeaton made a multitude of 
experiments, which he noted down with great care in tables, 
and from their refults deduced rules for the proportions of 
the parts of his engines : he afterwards ereCted many engines 
of the largeft dimenfions, which fully verified his experiments : 
the firft of thefe was at Long Benton colliery, in 1774, 
which had a 52-inch cylinder, and afterwards a 72-inch, for 
the emprefs of Ruflia, at Cronftadt. 

Mr, Smeaton* s Experimental Engine . — Plate III. contains 
an elevation of this engine, filewing all its parts at one view 5 
and, after the minute defeription which we have given of Mr. 
Newcomen’s engine in Plate II., it is not neceffary to enlarge 
on the particulars of the prefent. A, B, are the walls of the 
building ; C groundlilla, extending from the wall B, to the 
wall of the boiler or furnace F ; D are ftrong upright tim- 
bers, to fupport the crofs-heam d y on which the centre of the 
beam is futtained ; P are the cylinder-beams, framed into the 
upright D, and the walls A, B ; and the cylinder G is hung 
between them by thick crof^-planks q , q . 

M M the great beam, librating on its centre, and formed 
to arcs of circles at the ends, to which are fufpended the 
chains h for the pifton, and the chain of the main-pump 
fpear H. It has alfo attached to it the plug-frame Q, and 
at the other end an iron rod K, which works the injediion 
or jack-head pump, I, by means of a counter lever a a , 
which brings the rod, i, of the pump to a convenient place, 
near the main-pump O O. The proper diftarice for the 
motion of the beam is limited by two iron fidds or pins b y b , 
which reach out from each fide of the arch-head^, and (top 
on pieces of wood, fupported by the beams S, called the 
fpring-beams. Thefe beams alfo, which fupport the upper 
floor of the houfe, are let into the walls A, B, at the ends, 
and rell in the middle on the crofs-beain d y and are firmly 
bolted down, as (hewn in the drawing. 

N is the injection- pipe, 13 the injedtion-cock, and X the 
pifton water-cock, branching off from the inje&ion-j !pe N. 
L is the injedlion-cifteru, placed in the higheft part of the 
houfe ; kk is the pipe from the inje&ion-pump I, by which 
it is fupplied; and T is the waltepipc, at which the excefs of 
water runs off. The pipe T leads down to the fmall ciftern z, 
which will always be kept full, and the overflow will run 
down the wafte-pipe / e y and eicape out of doors. 

f is the fire-door, and the afli-pit is beneath it : the fire 
circulates round the boiler, and then palles into the chim- 
ney ^ : x is a fmall door at the bottom of the chimney, to 
clear the foot, and there is alfo a damper to regulate the 
draft : % is the boiler, and its figure below is (hewn by 
the dotted lines : v is a pipe rifing from it, which has the 
fafety-valve at the top of it, contained in a box or trough, 
which carries the fteam through the wall at nv : n is the 
(leam-gauge, a fmall bent glafs tube, which contains mercury, 
and (hews the preffure of the fteam. The cylinder G, be- 
fides the bored part in which the pifton works, ha9 a bot- 
tom W, ferewed on by a flar.ch at the lower part, and from 
this bottom part defeends the tteam-pipc S. The (hort 
pipej l*; joins to the lower end of the inje&ion-pipe N N j and 
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oppofite to this is a fimilar fhort pipe, for the fnifting- valve. 
Alfo from the bottom of the cylinder there defends the fink, 
or edu&ion-pipe m, which enters the hot -well R, and the end 
is covered with a valve, S is the wafte-pipe, from which the 
excels of hot water in the hot-well is carried off into the 
well E E. 

As the hot-well is placed fo low that the boiler cannot be 
fupplied from it, a fmall feed-pipe,^, proceeds from the lower 
part of the cylinder, and enters the boiler, having a cock,^, 
to regulate the quantity which (hall pals through, and a valve 
to prevent the water being drawn up from the boiler into 
the cylinder. In the top of the boiler is the regulator- 
plate, 7, to the under iurface of which the regulator is 
fitted : the handle or lever of the regulator is alfo feen, and the 
lpanner or rod 5, by which it is alternately moved backwards 
or forwards by the arms 3 and 4 of the When its weight 

or bob, 3, falls over on either fide of the perpendicu- 
lar, it is checked by the ftrap 9 : 1 and 2 are the arms or 
handles by which the is moved when the pinR in the plug- 
beam, Q, adfc upon them, and 6 is .a weight to balance the 
weight of the handles. 

10, 11 is the F, or lever of the inje&ion-cock ; it is con- 
ne&ed with the handle of the cock, 13, by a fork, which can- 
not be feen ; and the end, 1 1, is loaded with a fufficient weight 
to caufe its defeent, and open the cock, except when it is ele- 
vated, by prefling down the end 10 ; and when it is held up 
by the hook 12, the cock will then be (hut ; but when the 
plug-frame riles to its higheft, it draws the wire 14, and 
lifts thecrtch 12, fo as to let fall the weight 11, and opens 
the cock in an inllant. 

The a&ion of this engine is apparent after the explanation 
which we have given of the former engine, and it is only ne- 
cefldry to explain a fmall machine which is contained in the 
cillern V, called the catarad : it was very commonly ufed 
in the engines for the mines in Cornwall, to regulate the 
motion of the engine to any given number tor minute, fo 
that the defired quantity of water could be arawn, without 
walling (learn in drawing more. 

The catarad is nothing more than a fmall tumbling-bob, 
moving on a centre within the box V, in the fame manner as 
tjie ; but inftead of the weight or boh at the top, it has a 
fmall box or cup, which is filled with w**er by a fmall 
ftream dropping continually from the fmall cittern a, through 
a cock. The lever, on which the cup is fixed, has a lecond 
lever and counter-weight applied to it, which makes it always 
aflume the vertical pofition, or nearly fo, except when the cup 
is full, and then it is of fufficient weight to make the eatarad- 
tumbler fall over, and in that pofition the cup inclines fo 
much, that it difeharges its contents, and the counter-weight 
caufes its immediate return. The catarad, when it falls 
over, ftrikes a pn*ce which is conneded with a wire 15, and 
this bv a lever, 16, and the fecond wire, 17, draws up the 
catch 12. 

When the engine works with the catarad, the wire 14, 
before mentioned, is detached; and in this A ate we will 
fuppofe the regulator open, the injedion-cock (hut, and the 
pifton to have juft arrived at the top of the cylinder. A 
pin in the plug-beam, Q. feizea the handle !, overthrows 
the tumbling-bob, 3, of the towards the cylinder, and 
the prong, 3, ot the fork of the draws the rod 5, and 
fhuts the regulator. In this (ituation the engine will re- 
main, until the ftream, which flows from the ciftern z, 
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through the cock, fills the cup at the top of the catarad, 
and caufcs it to fall over ; it then ftrikes fuddenly on the 
piece of the wire 15, and by the lever 16, and wire 17, it 
raifes the hook-catch 12. This lets fall the weight n, 
and opens the injedion-cock, to throw a jet in the cy- 
linder, which condcnfes the fleam therein, making the 
pifton to defeend ; and when it arrives at the bottom, 
the pin in the plug Q deprefles 10, which fhuts the injedion, 
and then, by deprefling 2, overthrows the tumbling-bob, 
and opens the regulator. This admits (learn again into the 
cylinder, and the counter-weight makes the pifton re- 
turn. The catarad returned the inftant that its cup in- 
clined fo much as to throw out its water, and the cup then 
began to fill again ; but it will not again ad, or difeharge 
the injcdion-cock, until it is quite filled ; and the injcdion- 
cock will not open till this happens ; fo that the engine 
waits at the top of the itroke till the catarad is ready: 
and this time of waiting can be Vegulated, by diminifh- 
ing or increafing the fleam which drops down the cock, 
fo as to draw up exadly as much water as drains into the 
mine. 

In 1765, Mr. Smeaton made a portable fleam-engine for 
draining foundations, or other temporary works. It had a 
pulley or wheel, to receive the chain which communicated 
motion from the pifton to the pump-rod, inftead of a beam ; 
and the whole machine being fupported in one frame of 
wood, it had no connedion with the building in which it was 
placed, or it could work all together in the open air. The 
frame was fhaped like the letter A, and the vertex fupported 
the pivots of the wheel, whillt the cylinder and pump were 
bolted down to the groundfills, on which the A was ereded. 
The engine in its adion was the fame as others ; the boiler 
required no fetting in brick-work, but was in the fhape of a 
large tea-kettle, and the fire-place was in the centre of it, 
furrounded on all fides by the water. On one fide was an 
opening for the fire-door, and a large tube or pipe led 
through the water to a hollow fphere of caft-iron, m which 
the fire was made, upon a grate; and from the grate another 
large tube or afh-pit defeended perpendicularly through the 
bottom of the boiler, and was open below to fupply air to 
the fire ; alfo oppofite the fire-door was a third large tube 
or $hifnney, leading from the fphere through the fide of the 
boiler, and it then turned up in the manner of the fpout of 
a tea-kettle, to carry off the lmoke into a tall chimney of 
brick or of iron-plate. 

From Mr. Smeaton’s manufeript papers (now in pofleflion 
of fir Jofeph Banks) we gain much pradical as well as phi- 
lofophical information on the atmofpheric engines ; and a» 
thefe engines are (till ufed very extenfively at coal-mines, we 
think the publication of the particulars will be of fervice. 

Mr. Smeaton’s experiments with his experimental engine 
were very numerous, and fo diverfified, as to afford all the 
information which can be defired upon Newcomen’s engine. 

It would exceed our limits to tranlcribe many of thefe ex- 
periments ; but we think it will be ferviceable to give the 
table of proportions, which he fettled frpm the refults of 
all his experiments, and after which table, between the years 
1774 and 1782, he ereded no lefs than eight firft rate 
engines, with cylinders of five and fix feet diameters, and 
many others of fmaller dimenfions. A full defeription, with 
drawings of one of theie engines, is given in the publication 
of Mr. Smeaton’8 Reports, 3 vols. 4to. London, 1811. 


Vql. XXXIV. 



Smeaton’s Table for tbe Proportions of the Parts of Newcomen’s Engines, deduced from aftual Experiments. 
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STEAM ENGINE 

The different columns of this table explain themfelves, 
except the great produd per minute. This is the effed of 
the engine exprcffed in a convenient manner, to feparate it 
from all confiderations of the diameter or lift of the pumps, 
or of the number of ftrokes which the engine makes in a 
minute; being the multiple of all thefe, and is thu9 ob- 
tained. Multiply the fquare of the diameter of the cylinder 
in inches, by the prellure on each fquare inch of the pifton, 
not cxpreffed in pounds weight, but in the height of 
a column of water in feet ; and thit; again is multiplied 
by the velocity of the motion of the pifton per minute. 
For example, a 26-inch cylinder : fquare of diameter, 
(676) x 18 feet, the preifure per fquare inch in feet of wa- 
ter, = 12168 x 76.21 feet, the journey per minute, 
= 927323* the great produd per minute, as per table. 
The table is calculated upon the l'uppofition that the pref- 
furc upon each fquare inch of the pi lion is 8 lbs. avoir- 
dupois, or 18 feet column of water. 

The laft column, or effed per minute of one bufhcl per 
hour, is a comparative view of the effed of different-fized 
engines, {hewing the advantages of large engines in refped 
to fmall, in the quantity of work they will effed in propor- 
tion to the coals they conlume. 

To find the number of bufhels of coals which any of the 
engines will confume per hour, calculate the internal furface 
of the cylinder in fquare inches, and add to it three times 
the fquare of the diameter, to allow for the pifton bottom, 
cylinder bottom, and the furface of the pipes which are 
within the cylinder. Next calculate the folid content of 
the cylinder in cubic inches, and find the proportion between 
the fuperficial and the folid meafurc of the cylinder : ac- 
cording to the number of this proportion, find a number in 
the following table for a divifor. 


>j»ort»o of 
ic Sui face of 
Cylinder to 
» Capacity 
fquare anti 
line In. lies. 


2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 


Eflfeiq of 
out* Bulliel 
per Hour. 


98 

273 

349 

414 

46s 

512 

545 

5 (, 7 

578 

57 « 

J72 


Difference.'*. 


90 

*> 

76 

*5 

54 

44 

33 


Laftly, cut off three places of figures from the great 
produd per minute, and dividing by the divifor, the quo- 
tient will be the effed of one bufhel/rr minute. 

For example, a 72-inch cylinder : its circumference will 
be 226.3, which* multiplied by 135 inches, the length, 
gives 30550 fquare inches; and adding thereto 15552, 
which is three times the fquare of the diameter, we have 
46102 fuperficial inches ; and the content of the cylinder is 
549652 cubic inches, which is uptimes the number of 
the fuperficial inches. By feeking in the lalt table for 
11.9 or 12, we find the number 572 for the divifor of the 
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great produd, after cutting off its three laft figures, viz. 
755 ° -r 5 7 2 = 13 bufhels per hour. 

By this way of finding the proportion between the fur- 
face and the content of the cylinder, an allowance is made 
tor the lofs of fleam winch takes place from condenfation, 
when it enters into the cylinder at every ftroke, after it has 
been cooled by the lnjcdion thrown into it. 

The quantity is very confiderable, and forms the greateft 
objection to this form of the fteam-engine. An attentive 
obferyation to the adion of an engine will (hew that there is 
a waite, but not the quantity in which it takes place. The 
moment the regulator is opened, when the pifton is at the 
bottom of the ftroke, the fleam may be perceived to iffue 
from the fmftmg-valve with a ftrong puff, becaufe the fteam 
is more elaltic than air by one or two pounds per fquare inch ; 
but as the piiton rifeg, this ffcam diminifhes, and foon ceafes, 
and no more fteam will illue during the whole rife of the 
pifton. 

To afeertain the quantity of this lofs by condenfation, it 
bccomeb nrft neceffary to know to what degree water is ex- 
panded, when converted into fteam, at the preflure of the 
atmofpherc ; and compare thiB with the degree of expanfion 
which it requires to convert the water, which the boiler 
confumes in a given time, into fuch a quantity of fteam as 
will fill the cylinder the requifite number of times in the 
fame period. 

Mr. Beighton made an experiment at Griff engine, in 
Warwickfhire, on the degree of rarefa&ion of water when 
converted into fteam, but without determining the tempera- 
ture. The preflure of the fleam was juft one pound upon 
the fquare inch, as he determined by the fteelyard of the 
fafety- valve ; and by our fecond table, we find this to de- 
note a temperature of about 216°. The cylinder of the 
engine contained 113 gallons of fteam at every Itroke, 
which, at 16 flrokes per minute, is equal to 1808 ale-gaI!ons, 
or 1808 x 8 — 14464 pints of fteam per minute. He found 
that the neceflary fupply of frefh water for the boiler, un- 
der thefe circumltanccs, was about five pints per minute, 
to keep the furface of the water at a conflant level; there- 
fore, the relative bulks of the fleam of one pound per inch 
preflure, and the water from which it was produced, were 
as 5 to 14464, or as 1 to 2893 nearly. By an unaccountable 
miltake, Dclagulier3, who relates the above experiment, de- 
duces from the fame data, that the expanfion is 13388, a 
number which has been frequently quoted by other writers. 
Mr. Beighton’s experiment cannot be admitted as conclufive, 
becaufe the cylinder being cooled by the condenfing water 
at every ftroke, the iteam would be condenfed, Jud lofe 
much of its bulk in entering into the cold cylinder. But 
without making anv allowance for that lofs, Mr. Beigh- 
ton’a experiment makes a greater degree of expanfion than 
has been found by others ; and we fhould not have men- 
tioned this experiment at all, had it ifot been fo frequently 
quoted after Defaguliers with his enormous error, even by 
Belidor, Prony, and other foreign writers. 

Mr. Smeaton made fome experiments by weighing a 
Florence flafk of four inches diameter, firil when it was 
perfedly dry and empty, and afterwards when it was full of 
water ; then pouring out all the water, except a fmall quan- 
tity, he put the globe on the fire, and made it boil ftrongJy, 
till the laft drop of water difappeared, and at that inflant 
he flopped up the mouth to retain the fteam which was 
within it. The flafk being now weighed, gave the difference 
of weight between the flafk filled with water and with fteam 
of an elaflic force equal to that of atmofpheric air ; and de- 
duaing the weight of the empty flafk from each of thefe 
I 2 experiments, 



Mr. Smeaton’a Tabic for the Proportion of the Parts of Newcomen’s Engines, deduced from a&ual Experiments. 
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STEAM ENGINE 

The different columns of this table explain themfelves, 
except the great product per minute. This is the effe& of 
the engine expreffed in a convenient manner, to feparate it 
from all confiderations of the diameter or lift of the pumps, 
or of the number of ftrokes which the engine makes in a 
minute; being the multiple of all tliefe, and is thus ob- 
tained. Multiply the fquare of the diameter of the cylinder 
in inche?, by the preflure on each fquare inch of the piflon, 
not expreffed in pounds weight, but in the height of 
a column of water in feet ; and this again is multiplied 
by the velocity of the motion of the piflon per minute. 
For example, a 26-mcli cylinder : fquare of diameter, 
(676) x 1 8 feet, the preflure per fquare inch in feet of wa- 
ter, = 1216# X 76.21 feet, the journey per minute, 
= 9273 *3> the g reat produdl per minute, as per table. 
The table is calculated upon the fuppofition that the pref- 
furc upon each fquare inch of the pilton is 8 lbs. avoir- 
dupois, or 18 feet column of water. 

The laft column, or effect per minute of one bufhel per 
hour, is a comparative view of the effedl of different-fized 
engines, fliewing the advantages of large engines in refpedt 
to fmall, in the quantity of work they will effect in propor- 
tion to the coals they confume. 

To find the number of bufhels of coals which any of the 
engines will confume per hour, calculate the internal furface 
of the cylinder in fquare inches, and add to it three times 
the fquare of the diameter, to allow for the piflon bottom, 
cylinder bottom, and the furfacc of the pipes which are 
within the cylinder. Next calculate the folid content of 
the cylinder in cubic inches, and find the proportion between 
the fuperficial and the folid meafure of the cylinder : ac- 
cording to the number of this proportion, find a number in 
the following tabic for a divifor. 


Pioportion of 
tiir Surface of 

ElTe«£l of 


the Cylinder to 

one Bulliel 

Differences, 

its Capacity 
in fijiiare and 

per Hour. 


culm* Indies. 



1 

2 

98 

18S 

90 

83 

3 

273 

76 

4 

349 

! ( >5 

! 54 

1 44 

; 33 

2 2 

5 

6 

7 

8 

4*4 

46s 

512 

545 

9 

S ( '7 

1 I 1 

10 

57* 

! O 

1 1 

57 » 

8 

12 

572 



Laitly, cut off three places of figures from the* great 
produdl per minute, and dividing by the divifor, the quo- 
tient will be the effedt of one bufhel per minute. 

For example, a 72-inch cylinder : its circumference will 
be 226.3, which, multiplied by 135 inches, the length, 
gives 30550 fquare inches; and adding thereto 15552, 
which is three times the fquare of the diameter, we have 
46102 fuperficial inches ; and the content of the cylinder is 
549652 cubic inches, which is 1 1.9 times the number of 
the fuperficial inches. By feeking in the laft table for 
1 1.9 or 12, we find the number 572 for the divifor of the 
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great produdl, after cutting off its three laft figures, w*. 
755 ** -r SI 2 ~ 1 3 bufhels per hour. 

By this way of finding the proportion between the fur- 
face and the content of the cylinder, an allowance is made 
for the lofs of fleam which takes place from condeniation, 
when it enters into the cylinder at every ftroke, after it has 
been cooled by the injection thrown into it. 

The quantity is very confiderable, and forms the greateft 
objection to this form of the ftcam-engine. An attentive 
obiervation to the a&ion of an engine will (hew that there is 
a wafle, but not the quantity in which it takes place. The 
moment the regulator is opened, when the piflon is at the 
bottom of the ftroke, the fleam may be perceived to iffue 
from the fnifting-valve with a ftrong puff, becaufe the fleam 
is more elaflic than air by one or two pounds per fquare inch ; 
but as the piflon rifes, this fleam diminifhes, and foon ceafes, 
and no more fleam will ifiuc during the whole rife of the 
piflon. 

To afeertain the quantity of this lofs by condenfation, it 
becomes firfl neceffary to know to what degree water is ex- 
panded, when converted into fleam, at the preffure of the 
atmofphere ; and compare this with the degree of expanfion 
which it requires to convert the water, which the boiler 
confumes in a given time, into fuch a quantity of fleam as 
will fill the cylinder the requifite number of times in the 
fame period. 

Mr. Brighton made an experiment at Griff engine, in 
Warwickfhirc, on the degree of rarefadioii of water when 
converted into fleam, but without determining the tempera- 
ture. The preflure of the fleam was juft one pound upon 
the fquare inch, as he determined by the fteelyard of the 
fafety-valve ; and by our lecond table, we find this to de- 
note a temperature of about 216°. The cylinder of the 
engine contaiued 113 gallons of iteam at every ftroke, 
which, at 1 6 ftrokes per minute, is equal to 1 808 ale-gallons, 
or 1808 x 8 - 14464 pints of ft earner minute. He found 
that the neceflary fupply of frefh water for the boiler, un- 
der thefe circumitances, was about five pints per minute, 
to keep the furface of the water at a conftant level ; there- 
fore, the relative bulks of the fleam of one pound per inch 
prelfure, and the water from which it was produced, were 
as 5 to 144641 or as 1 to 2893 nearly. By an unaccountable 
mi flake, Hclaguliers, who relates the above experiment, de- 
duces from the fame data, that the expanfion is 13388, a 
number which has been frequently quoted by other writers. 
Mr. Brighton's experiment cannot be admitted as conclufive, 
becaufe the cylinder being cooled by the condenfiug water 
at every ftroke, the fleam would be condenied, and iofe 
much of its bulk in entering into the cold cylinder. But 
without making any allowance for that lofs, Mr. Beigh- 
ton’s experiment makes a greater degree of expanfion than 
has been found by others 5 and we fhould not have men- 
tioned this experiment at all, had it ifot been fo frequently 
quoted after Defagulicrs with his enormous error, even by 
Belidor, Prony, and other foreign writers. 

Mr. Smeaton made fomc experiments by weighing a 
Florence flafk of four inches diameter, firfl when it was 
perfe&ly dry and empty, and afterwards when it was full of 
water ; then pouring out all the water, except a fmall quan- 
tity, he put the globe on the fire, and made it boil ftrongly, 
till the laft drop of water difappeared, and at that iuftant 
he Hopped up the mouth to retain the fleam which was 
within it. The flafk being now weighed, gave the difference 
of weight between the flafk filled with water and with fleam 
of an elailic force equal to that of atmofpheric air ; and de- 
ducing the weight of the empty flafk from each of thefe 
l 2 experiments. 
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experiments, it gave the proportion of the bulk of the (learn 
to that of the water : this, by a mean of fix different ex- 
peri men ts, he determined to be as tttVt* But fufpcding 
that fome air was contained in the flafk along with the fleam, 
he inverted the mouth of it in water when it was filled 
with the hot fleam, and found it to draw up the water in 
the fame manner as defcribed by captain Savery ; but it 
was not quite filled with water, tor a fmall bubble of air 
remained in the flafk, and this he eflimated to be fuch a por- 
tion of the whole content, as induced him to reduce his 
eflimate of the expanfion from 2459 times to 1800 times ; 
and this number, the fame number that Mr. Watt had de- 
termined, he ufed in his calculations. 

His inveftigation of the quantity of fleam deflroyed by 
a given fnrface of the cold cylinder was as follows. The 
cylinder of the experimental engine was 9.9 inches diameter 
and 50 inches long : making the requifite additions to its 
bottom and piflon, the internal furface was 2340 fquare 
inches, and the folid content was 3940 cubic inches. The 
quantity of water neceflary to fupply the boiler at each 
ftroke was found to be 8.5 cubic inches : therefore, 3940 
-7* 8.5 =2 463 times, which the 8.5 cubic inches of water 
mull have expanded to fill the cylinder at each flroke. But 
fuppofing the water to have expanded 1800 times, the 8.5 
inches x 1800= 15300 cubic inches of fleam produced, 
which is 3,88 times the quantity employed to fill the cylinder. 
The difference of thefe numbers, viz. 15 300 — 3940 = 
11360 inches of fleam condenfed and loll. This, divided by 
the number of fuperiicial infche 3 on the furface of the cy- 
linder, gives 4.9 cubic inches condenfed by every fquare 
inch of furface. 

It will be readily feen, that the proportion between the 
quantity of lteam which mull be produced, and the quan- 
tity which will be employed, will be lefs in large cylinders 
than in fmall ones ; hence the above is the extreme cafe ; and 
in a fimilar trial of a 52-inch cylinder, he found the walte to 
be only 2.7 cubic inches for each inch of furface. Hence 
we fee the rcafon for Mr. Smeaton’a rule of making the 
proportion of the furface of the cylinder to its capacity the 
ground-work for the calculation of the quantity of coals. 

In common engines, which are loaded to feven or eight 
pounds upon the inch, and are of a middle fize, the quan- 
tity of lteam which is condenfed in reftoring to the cy- 
linder the heat which it had loft, is equal to the full con- 
tents of the cylinder, befidea what it really required to 
fill it 5 fo that twice the contents of the cylinder are employed 
to make it raife a column of water equal to about feven or 
eight pounds for each fquare inch of the pifton ; or to take 
it more fimply, a cubic foot of (learn makes a fufficient 
vacuum to raile a cubic foot of water about eighteen feet 
hiijh, befidcs overcoming the fri&ion of the engine, and the 
remittance of the water to motion. 

In all Mr. Smeaton’s experiments he obferved the quan- 
tity of water which was evaporated in proportion to the 
coals, and found by a mean of a great number of experi- 
ments, that a buftiel of coals evaporated 12700 cubic inches 
of water, or 7.35 cubic feet ; and eflimating the expanfion 
at 1800 times, the buftiel of coals will produce 13230 cubic 
feet of (learn, of little more in elalticity than the atmofphere, 
and about 214° of Fahrenheit’s thermometer. 

The IV ork actually performed by Atmospheric Engines in pro - 
portion to the Goals,— We ftiall firft give the relults of the 
performance of fome old engines, according to Mr. Smea- 
ton’s account, before he began his improvements. The en- 
gine at Long Benton colliery, which was confidered as one 
of the beft in the neighbourhood of Newcaftle, was tried 
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by Mr. Smeaton in 1772 ; it was of the following dime#* 
fions. Cylinder 52 inches diameter, Itroke 7 feet. The 
pump was 1 2 inches diameter, and drew the water 61 fathoms 
high ; and alfo an injedion-pump 8 inches diameter, and 5 feet 
7^ inches ftroke, which raifed water 58 feet. This engine 
confumed 8 bolls (of 2 cwt. 1 qr. 2i£ibs. each) of coals, 
fuch as are generally ufed for engines, in two hours and two 
minutes, when working at the rate of from 7 J to 8 ftrokea 
per minute, or y} per minute at the medium. 

The computations from thefe data are firft to ascertain the 
real weight of water in the pumps : the main pump being 
t 2 inches diameter, and the injedion-pump 8, the propor- 
tion of the areas of the two will be as the fquares of their 
diameters, and their load in proportion to their height of 
column ; therefore, as 144 : 64 :: 58 feet high ; 25.7 feet ; 
that is, the whole load of the injedion-pump will be equal 
25.7 feet of the main column of 1 2 inches diameter ; but this 
is, provided that the length of ftroke was the fame in both. 

To reduce them to one, fay as a 7-feet ftroke, or 84 inches, 

: 67.5 in. :: 25.7 ft. ; 20. 7 feet of the column of the main 
pumps, fay 21 feet. 

Hence, the whole load confifts of the main column of 1 2 
inches diameter, and 6 1 fathoms or 366 feet, and the injedion- 
pump equal to 21 feet thereof, 366 4- 21 feet = 387 feet. 

To obtain what Mr. Smeaton calls the great produd, by 
which the powers of different engines can be compared, mul- 
tiply the fquare of the pump’s diameter 144 inches x 387 feet 
lift = 55728, which multiplied by a 7-feet ftroke = 390096, 
and again by 7.75 ftrokea per minute = 3023244, the 
whole produd or effed of the engine, without regard to 
coals, or without any allowance for the weight of the pump- 
rods, and the counterpoife of the engine. 

The quantity of coals was 2 cwt. 1 qr. 2ii lbs. = 273^ lbs. 
X 8 bolls =2188 lbs. which divided by 88 lbs., the 
weight of a London buftiel, gives 24.86 buftiels confumed 
in the whole time of the experiment, viz . two hours and 
two minutes, or 12 2 minutes. 

To find the coals for one hour’s work, fay as 122 minutes 
: 60 min. :: 24.86 bufhels : 12.22 buftiels per h®ur. 

Laftly, the whole produd 3023244, divided by 12.22, 
gives 247401 for the produd or effed of one buftiel of 
coals per hour. 

This engine was rebuilt according to Mr. Smeaton’s plan, 
with the fame cylinder of 52 inches and 7-feet ftroke, but 
the pumps were enlarged to 12.2 inches diameter, and lifted 
in two columns each 24 fathoms 4 feet high. The miedion- 
pump was 7 inches diameter, 5 feet 6 inches ftroke, and 
lifted 70 feet 7 inches high. 

In 1774 Mr. Smeaton tried the experiment, and found 
that when this new engine was working at the rate of twelve 
ftrokea per minute, 2 cwt. 1 qr. 16 lbs. df the common en- 
gine coals fupplied it 22 minutes. 

From this he made a fimilar computation to thofc for the 
former engine. Square of 12.2 inches the diameter of the 
main pumps 148.84; fquare of 7 inches the diameter of 
injedion-pump 49 ; its lift 70J feet. Then fay as 148.84 
: 49 :: 70^ : 23.21 feet of the main column, if the lengths 
of the ftrokes were equal ; but as they are not, fay as the 
long ftroke 84 in. : 66 in. 23.21 ft. ; 18.2 5 therefore the 
load of the injedion-pump is equal to the load of 18*2 feet 
of height of the main column. 

The total load then is equal to a barrel 12*2 inches dia- 
meter, twice 24 fathoms 4 feet, or 296 feet *f 1 8 feet, viz. 
314 feet of lift. 

To obtain the great produd, multiply the fquare of the 
pump’s diameter 148.84 by 314 feet; the height lifted = 
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46735.76, which multiplied by 7-feet ftroke = 327150.325 
and again by 12 ftrokes per minute = 3925803.84, the 
whole produA or effe& or the engine, without regard to 
coals, or without allowance for the weight of the pump-rod, 
nearly 3 tons, and the counter-weight of the engine. 

For the quantity of coals 2 cwt. 1 qr. i61bs., or 2681bs., 
divide it by 881bs., the weight of a London bufhel, and it 
makes 3.05 bufhels confumed in 22 minutes, the time of the 
experiment ; therefore fay, as 22 min. : 60 min. 3.05 : 
8.32 bufhels per hour. 

Laftly, the whole produA 3925803.84, divided by 8.32, 
gives 471851 for the produ&, or effe£t of one bufhel of 
coals per hour. Therefore the effeft of this new engine, 
compared with the former engine, is as 471851 to 247401. 

To this computation, which is chiefly comparative be- 
tween the two engines, we may add the following, to fhew 
the preflure upon each fquare inch of the pifton. The area 
of the 52-inch cylinder is 52 x 52 = 2704 x .7854 = 
2123 f<l uare inches. 

The weight of the column of water in the pumps, 12.2 
inches diameter, will be about 50.9lbs. weight for each foot 
in height. For 12.2 x 12.2 = 148.84 x .7854 = 116.8, 
the fquare inches in the area of the pump. Now, a cubic 
foot of water weighs 62^ pounds nearly ; therefore divide 
62.5lbs. by 144, the fquare inches in a fquare foot, and it 
will give .434^3., which is the weight of a column of water 
one inch bafe and one foot high. Multiply 116.8 x .434 
sss 50.7^3., the weight of the column of water in the 

S s a foot high ; and this multiplied by 314 feet, the 
lift equals 15919^8., the total weight of water. 
Divide this number by 2123, the number of fquare inches 
in the furface of the pifton, and it will give 7.48^$. for the 
preflure upon each fquare inch, or 7^ very nearly. 

Another method of readily finding the preflure per fquare 
inch in the pifton is thus. As the fquare of the diameter 
of the cylinder (52 x 52 =) 2704 is to the fquare of the 
diameter of the pump (12.2 x 12.2 = ) 148.84, fo is the 
height which the pump lifts, 314 feet, to 17.24, the height 
of a column of water, which, if it refted on the pifton, 
would balance the water in the pump. Then multiply 
17.24 feet by .434^3., the weight of an inch fquare of 
water one foot high, and the refult is 7.48^. for the preflure 
per fquare inch, the fame as before. 

Since Mr. Watt introduced his improved engines, it has 
been cuftomary to compare their effects by the number of 
pounds of water which they can raife to one foot high by 
the confumption of a bufhel of coals, without regarding the 
time in which it is expended. To reduce thefe two engines 
to that ftandard, we muft fay the firft engine confumed 
24.86 bufhels in 122 minutes 5 therefore, as 24.86 bufli. : 
122 min. :: 1 bufh, : 49 min. ; that is, one bufhel will laft 
49 minutes. At every ftroke, the pump draws up a cylinder 
of water, 12 inches diameter and 7 feet long, 387 feet high. 
This cylinder of water will weigh 343^8. ; for 12 x 12 = 
144 -r .7854 =113 inches, the area of the pump. This, 
multiplied by .4341^3., the weight of a column one inch 
fquare, and one foot high, will be 49lbs. ; and again, mul- 
tiplied by 7 feet for the length, will equal 343lbs. 

The quantity of coals confumed in the firft experiment 
was 24.86 bufhels: the experiment lafted 122 minutes, 
during which time the engine, working at 7^ ftrokes per 
minute, made 945 ftrokes ; then fay, as 24.86 bufli. : 945 
ftrokes :: 1 bufh. : 38; therefore the engine makes 38 
ftrokes for every bufhel of coals which it confumes. 

At every ftroke the engine raifes 343^8. of water 387 feet. 
Multiply 343 by 38, the number of ftrokes, and it gives 
1303^9., lilted 387 feet by each bufhel of coali. Laftly, 
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1 3°34 x 3 87 = 5,044, 1 5 Bibs* of water raifed one foot high 
with a buihel of coals. 

The new engine confumed 3.05 bufhels in 22 minutes, 
during which time it worked 1 2 ftrokes per minute 5 it 
is therefore 264 ftrokes : then fay, as 3.05 bufh. : 264 
ftrokes :: 1 bufh. : 86.5, the number of ftrokes which the 
engine will make for each bufhel it confumes. 

At every ftroke the engine raifes a cylinder of water, 
12.2 inches diameter, 7 feet long, and weighing 354.81bs. 
314 feet high. Multiply this 354.8lbs. by the 86.5 ftrokes 
which the engine make3 for each bufhel of coals, and we 
have 30690, the number of pounds of water lifted 314 feet 
by each bufhel of coals. And laftly, 30690^8. x 314 feet 
= 9,636,660^9. of water lifted one foot high with each 
bufhel of coals. 

Mr. Smeaton’ s Directions for making Engines . — Mr. 
Smeaton made his engines with wooden bottom to 
the pifton, as we have before noticed. This was be- 
caufe wood communicates heat much lefs rapidly than 
metals. The pifton is kept much cooler than any other part 
to which the fleam has direct accefs, not only from the 
water which is poured upon it to keep it tight, and prevent 
the leakage of air into the cylinder, but alfo becaufe it 
receives the firft and molt direct a&ion of the cold inje&ion- 
water : and as the fleam in entering the cylinder through 
the (team-pipe firft meets the cold furface of the pifton, it 
is thereby condenfed in a greater degree than by an equal 
portion of the internal furface of the cylinder. By covering 
the bottom of the pifton with wood, it will receive or 
conduft lefs heat from the fleam ; and for the fame reafon, 
the cold water, when it is thrown up againft the pifton, 
will be lefs heated by the contaft of it, the wood a£ting 
as a neutral body on the flu;ds, which alternately act 
againft it. 

The injection-cap, or jet, according to Mr. Smeaton, 
fhould be a fquare hole through a brafs plate, and rounded 
from the under fide, that it may throw up a full bore. The 
middle of the jet fhould not be dire&ed to ftrike the centre 
of the pifton bottom, but it fhould rife perpendicularly, 
fo as to ftrike the pifton bottom at right angles. That 
part of the injeftion-pipe which is within the cylinder fhould 
be made of wood, or if of metal, wrapped round with tarred 
marline, or fmall rope, to feparate the metal of the pipe from 
the contadt of the fleam, or hot water, which not only favea 
the condenfation of fome fleam, but by preventing the pipe 
becoming hot, that portion of ir‘»e£tion- water which is con- 
tained in the pipe is kept c<ul, and the (team which 
afterwards flows through the pipe will enter in its cooleft 
Hate. The injc&ion-ciftern mould be placed as high as 
the building will admit, fo as to give a fmartnefs to the jet, 

A pipe fhould be applied beyond the fnifting-valve, with 
a cock in it, which being partially clofed, the fnifting can 
be regulated, if it fhould be found too great, fo as to emit 
more fleam than is requifite. Mr. Smeaton alfo placed a 
fmall air-cock on the upper part of the edu&ion-pipe, or 
fome other part having free communication with the cylinder, 
for the largeft engine. This was to be only of the fize of 
a fmall common bcer-cock ; and when the fnift was properly 
regulated, this cock was to be opened as much as it could 
be, to allow the pifton to come fully down into the cylinder. 
We fuppofe this air-cock muft have been found pra&ically 
beneficial, or fuch an experimental engineer as Mr. Smeaton 
would have difeontinued to recommend it : but we do not 
know on what principles the admiflion of air could be fer- 
viceable, unlefs it was to diminifh the descending power of 
the pifton when it arrived near the bottom of the cylinder, 
and thus diminifh that acceleration of the pifton, ot which 
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we have before fpoken in the defeription of the action of 
the engine. 

Laltly, in adjuding the engine to it3 work, to determine 
the proper degree of counter-weight, it was to be put toge- 
ther, and the pumps filled with water, but the buckets 
without the leather?, and the pidon without any packing. 
In this Hate, a weight, equal to about ilb. prr iquare inch, 
being laid upon trie pidon, the engii.e was ballalled at 
either end of the beam, as it might require, until it was 
found in cxaA balance. Then, when the piflon was relieved 
from its weight, it would have a counter- weight tending 
to draw it up with a force equal to ilb. per iquare inch. 
This was for engines of the lagged dimenfions ; but as the 
proportion of lofs by friction of the pidon a:*d buckets is 
greater in fmall cylinders and pumps, fmaller engines 
mud have i-Jlb., and the fmalied engines albs, per inch. 
When it is not convenient to fill the pumps with water up 
to the top, allowance mud be made for the difference of the 
pump- rods not being immerfed. 

Mr. Smeaton expected his engines, which were calculated 
to be loaded with a neat burden of 81 bs. per fquare inch, 
would, with the counter-weight as above, make their re- 
turning (trokc rather quicker than the working droke, and 
this he preferred. 

The proper proportion of the counter-weight has been 
a matter of much mathematical invedigation by writers on 
the engine, particularly M. Botfut ; but it depend, upon 
fo many contingent cireumllanccs, that it would be iripof- 
fible to apply any theorem to practice, even if the theory 
were edabliflied ; and the adjudment is eafily afcertaineil 
by experiment. 

The defign of the engineer in giving or allowing a pre- 
pondcrancy to the outer end of the beam, is limply that the 
buckets may delcend, and that the pitlon may rife and 
allow the Hearn to fill the cylinder, wit limit any further 
combination of apparatus being employed for that purpoie. 
Now let us obferve its operation, and the manner of adjuft- 
ing its quantity in an engine’s lirH letting to work. Sup- 
pole the water already up to the top of the pump : the 
ileam being admitted into the cylinder till it has driven out 
the air, the operator flints the lleam-cock, without fupply- 
ing any injection ; and the engine will make its firil 
ltroke, though very quietly, by the external condeula- 
tion from the furfacc of the cylinder: he then allows Iteam 
again to enter the cylinder, and according to the pi lion’s 
tendency to rife, he fuits his judgment to the degree of 
counter- weight neccfiary : if it rifes too flow, he puts iron 
or other ballad upon the pump-end of the beam ; and if it 
rife c j too quick, he places thelc weights on the pi don-end. 
We have then two important circumJlanccs to attend to 
in this regulation. Firfl, that the pump-bucket flnll defeeud 
as quick as it can, but without fuch force as fliall oceafion 
a violent fliock to flop the motion at the end of the llrokes ; 
and fecondly, that the pidon (hall not be drawn up fader 
than the ileam. regulator (with the degree of opening that 
is given to it) can fupply dcam ; for that would impede 
the difeharging fun&ions of the engine, or getting rid of 
the air and condenfing water ; and unlefs thefe are performed 
pundlually, the engine foon ceafes to work. Now neither 
the air nor the water can be difeharged inilantaneoufly from 
the cylinder, but require a certain time, in proportion to 
the quantity of each, and the degree of itrength in the 
dcam ; and therefore the pidon mull not rife fo quick as to 
prevent the dcam a&ing on the air and condenfing wa- 
ter, which it will do if the engine has too great a 
counter-weight, and the deam is low ; for if the pidon 
afeends fader than the boiler fupplies iteam, there can be 
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no difeharge, and after a drokc or two the engine will 

do*.. 

But this is on the fuppoiition that the engine is working 
with its full intended velocity. When an engine is ereded 
on d mine or pit which is linking, the quantity of water 
to be bfted by the pump being fmall, the engine mult 
work flow, and the counter-weight mud be in proportion ; 
the beam will neverthelefs require an extra counterpoife at 
the pump-end, becaufe of the lightnels of the pump-rods; 
but as the mine or pit becomes of greater depth, and fuc- 
cefiive lengths of rods are applied for the different lifts of 
pumps, the weight mud be diminiflicd, and at length 
transferred to the pifton-end of the beam, in fuch quantity 
as to keep the engine under command ; for as the velocity 
of the returning droke depends upon the quantum of 
counter-weight, this mud be regulated according to the 
q*.sr‘iiy of water which this engine has to draw, or rather 
to the number of itrokes the engine is to make in a minute 
As the, velocity is to be mcreafed when the quantity of 
water ir.ereafes, a greater counter-weight mull be added ; 
but it is not until the engine works at its intended load, 
that the counter-weight mud be brought to the degree we 
have men.ioned. 

While an engine is working, as we have fuppofed, with a 
fmall portion of its full load, the inje&ion mud be very 
Iparingly applied, fo as to condenfe imperfe&ly within the 
cylinder, or the pidon will defeend with fuch velocity, and 
ffrike upon the fpring-beams with fuch violence, as to beat 
every thing to pieces. 

W lien a mine is going down, and the engine-fhaft receives 
all the water from the different parts of the mine, the quick- 
nefs of the engine’s droke muff depend upon the uniform 
influx of the water, and the engine mud be fo accurately 
regulated to this quantity of water, as to fup it up at 
every droke. Now if this flipping up is violent, the air 
will be drawn into the pumps at the cowlufion of every 
droke, and caule the engine to work irregularly; and, on the 
other hand, if the llrokes of the engine arc not quick 
enough, the water will gam on the miners and prevent their 
working. The velocity, as we have before dated, mull be 
regulated by the quantity of iujeAion which will determine 
the motion of the droke, and the counter-weight will regu- 
late the time of the returning droke: but a much better re- 
gulation of the velocity of the engine can be attained by the 
ca'aradt, which we have hi fore deferibed. 

Even whim the engine conic j to work with its full load and 
counter-weight, and when a proper li.je&ion is allowed to con- 
denie fully, the engine-man can retard or accelerate the re- 
turning Itrokes of the engine, in fome degree, by the regulation 
of the fire; for if the engine fliould return too quick, he lets 
down the damper in the flue of the chimney ; or if it is too 
flow, he raifes the damper. By thefe means he can vary the 
a&iou of the deam, on ihe lower fide of the piffon, from one 
to two pounds on the inch, greater than the preflure of the at- 
mofphere, which in a fixty-inch cylinder will amount to 2800 
pound: , and is a fufficient latitude to make the engine re- 
turn very quick or very flow, but does not alter the period 
of the working of the ilroke. 

Other Improvements on Newcomen 9 s Engine* — Mr. Smea- 
ton’s improvements on the engine, as wc have (hewn* con- 
filled only in proportioning its parts, but without altering 
any thing in its principle. 

In 1759, Mr. James Brindley, the engineer who defigned 
and executed the duke of Bridgewater’s canal, obtained a 
patent for improvements in the ftrudure of the fire-engine. 
The boiler he propofed to be made of wood and itone, with 
a cad-iron (love or fire-place within fide of it, and fur- 
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rounded on all (ides, fo as to give its heat to the water. 
The chimney was an iron pipe or tube, alfo immerfed in the 
water of the boiler. This plan he expedted would favc a 
confiderable portion of the fuel. The feeding-pipe for 
the boiler was to be made with a clack, to be opened and 
(hut by a float upon the furface of the water in the boiler, 
fo as to fupply it with water always to the fame level, 
without any care on the part of the engine-man. The great 
chains for the arches of the beam were to be of wood, and 
his pumps were alfo to be made of wooden Haves hooped 
together. Thefe are all the improvements mentioned in the 
fpecification of his patent : but in the new edition of the 
Biographia Britannica, we are informed that, in 1756, Mr. 
Brindley undertook to eredl a fleam-engine near Newcaftle- 
undcr-Lyne upon a new plan. The boiler of it was made 
with brick and ft one, inftead of iron plates, and the water 
was heated by internal iron flues of a peculiar conttruCtion, 
by which contrivances the confumption of fuel neccffary for 
working a fteam-engine was reduced one-half. He intro- 
duced alfo into his engine wooden cylinders, made in tlie man- 
ner of coopers* ware, inftead of iron ones, the former being 
cheaper and more eafily managed in the (hafts ; and he like- 
wife fubftituted wood for iron in the chains which worked 
at the end of the beam. He had formed defigns of intro- 
ducing other improvements into the conttruCtion of this ute- 
ful engine, but was difeouraged by obftacles that were 
thrown in his way. 

The moll important improvement in the atmofpheric en- 
gine was the application of it, by mean 3 of a crank and fly- 
wheel, to the purpofe of turning mills. This was not much 
of invention to any one who had confidered the aCtion of a 
foot-lathe ; but it does not appear to have been put in prac- 
tice till a late period, or brought into any extenlive ufe till 
after Mr. Watt invented his engine. Mr. Jonathan Hulls 
had a patent in 1736, for working rowing-wheels at the fide 
or head of a boat by the force of Newcomen's engine, and 
we believe he propofed to employ a crank, to produce the 
rotatory motion of his wheels. 

In 1759* Mr. Keane Fit/.gcrald propofed, in the Philo fo- 
phical TranfaClions, a contrivance to work the ventilator by 
the fire-engine, for the benefit of thofe who work in mines, 
where it is employed to draw off the water* By this 
contrivance the lever of the fire-engine, which works up and 
down, and performs at a medium about twelve iirokes 
in a minute, is made to turn a wheel conftantly one way, 
and the number of ftrokes is alfo increafcd to fifty or lixty 
in a minute. The machine is deferibed by three figures 
annexed to the memoir, and is confidered as ingenious. It 
is dated that it may eafily be made to turn a mill to grind 
corn, or a wheel to raife coals. 

It is related in the Encyclopaedia Britannica, that Mr. Fitz- 
gerald took out a patent for communicating a rotative mo- 
tion from the fteam-engine, but we believe this is a miilake. 
In the Edinburgh Review it is Rated, that an atmofpheric 
engine was employed at Hartley colliery, in Northumber- 
land, as early as 1768, to draw coals out of a pit. It had a 
toothed fc&or on the end of the working beam, working 
into a trundle, which, by means of two pinions with ratchet- 
wheels, produced a rotative motion in the fame dirc&ion, by 
both the afeending and descending ftroke of the arch 5 and 
by fhifting the ratchets, the motion could be reverted at 
pleafure. This engine had no fly-wheel, and went fluggilhly 
and irregularly. Who the inventor was is not mentioned, 

A patent was taken out in 1769 by a gentleman of the 
name of Stewart, for an engine which produced a rotative mo- 
tion by a chain going round a pulley, and alfo round two bar- 
rels furnilhed with ratchet-wheels, with a weight fufp ended 
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to the free end of the chain, which ferved to continue the mo- 
tion during the return of the engine. About the year 1778, 
Mr. Matthew Wafhbrough, of Briftol, alfo obtained a pa- 
tent for communicating a rotative motion from the fteam- 
engine, by a method which was virtually the fame as that 
at Hartley ; only he added a fly-wheel, which we believe 
was then, for the firft time, employed in the fteam-engine. 
T wo or three of thefe engines were ereCted, one at his own 
works, for turning lathes. See. and alfo one at Southamp- 
ton, at Mr. Taylor's works, befldes two or three for grind- 
ing corn ; but, owing to the defective mode of communi- 
cating the motion, they were fubjcCt to fuch irregularities as 
rendered them of little ufe. 

The crank, which is now the univerfal method of com- 
ipuuicating the motion of the engine to machinery, was, we be- 
lieve, firft applied to an engine at Birmingham. This method 
of converting the reciprocating motion into a continuous rota- 
tory motion, was by employing the great beam to work a crank 
or train of wheelwork. As the real a Chon of the engine was 
confined to its working ftroke, it was foon found advantageous 
to equalize, as nearly as could be, the power of the working 
and returning ftrokes. For this purpofe, the rod which ex- 
tended from the beam to the crank, and connected the en- 
gine and the mill together, and which is called the conneCl- 
mg rod, was made equal in weight to half the power of the 
engine, being made of call -iron of large dimenfions; and 
when the weight was not in the rod, it was placed on the 
beam at that end. 

Suppofe that by this means the engine is made to exert an 
equal force to turn round the crank in the afeent and de- 
feent of the conne&ing rod, ftill it remains to find fome 
force which fhall continue the motion in the interval of its 
change from afeending to defeending, and vice verfd . 
To accomplifh this, it is neceffary to conned with the 
crank or wheel-work a very large and heavy fly, which (hall 
accumulate in itfelf the whole force of the engine during 
its time of aCtion ; and therefore continue the motion, and 
urge forward the working machinery, while the fteam-engine 
is going through its inadlivc period of changing the ftroke. 
This will be the cafe, provided that the rcfiftance exerted 
by the machine during the whole period of the working 
and returning ftroke of the fteam-engine, together with 
the friction of both, does not exceed the whole preffure ex- 
erted by the fteam-engine during its periods of aCtion upon 
the crank ; and provided the momentum of the fly, arifing 
from its weight and velocity, be (uflicicntly great ; fo that 
the refiftance of the work, during the changing of the 
ftroke of the fteam-engine, will not make any very fenfible 
diminution of the velocity of the fly. This is evidently 
poflible andcafy, for the fly may be made of any magnitude ; 
and being exaCtly balanced round its axis, it will foon acquire 
any velocity confident with the motion of the fteam-engine# 
During the working ftroke of the engine, it is uniformly 
accelerated ; and by its acquired momentum, it produces 
the movement of the mill until the engine changes, and 
makes its returning ftroke ; but in doing this, its momentum 
is (hared with the inert matter of the fteam-engine, and con- 
fequently its velocity diminifhed, but not entirely taken 
away. The weight of the connecting rod, therefore, by 
prefling on the crank afrefh during the returning ftroke, in- 
creates the remaining velocity in the fly, by a quantity equal 
to the whole that it loft during the inactivity of the engine. 
This muft be acknowledged to be a very important addition 
to the engine ; and though fufflciently obvious, it is ingenious, 
and requires coufiderabie (kill and addrefs to make it effective* 

Mr. John Steed, in 1781, had a patent for applying the 
crank to a fteam-engine ; and in the fame year, tne abbC 
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Amal Canon of Alais, in Languedoc, entertained a thought 
of the fame kind, and propofed it for working lighters 
in the inland navigations, a fcheme which is now fuccefs- 
fully pra&ifed in America, and in this country. His 
brother, a major of engineers in the Auftrian fervice, car- 
ried the propofal much farther, and applied it to manufac- 
tures ; and the Aulic chamber of mines at Vienna patronized 
the projed. ( See Journal Encyclopedique, 1781.) But thefe 
fchemes are long pofterior to Mr. Hull’s patent, or to Mr. 
Fitzgerald’s propofals, and are even later than the cre&ion 
of feveral machines driven by ftcam-eogincs by MefTrs. 
Watt and Boulton. 
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When the more improved engines of Mr. Watt came into 
ufe, many perfons tried to improve the atmofpheric engines 
by adopting fome of Mr. Watt’s ideas : one of thefe was to 
employ valves to rife and fall perpendicularly into a conical 
feat, for the alternate admifiion of fteam and cold water into 
the cylinder, inftead of the Aiding regulator and inje&ion- 
cock. Mr. George Curr, who published his Pra&ical Coal- 
Viewer, or Engine-Builder’a Companion, -in 1796, at Shef- 
field, gives drawings of fuch an engine, and tables for the 
proportions of all the parts, from which, as they contain 
information not given before, we have extra&ed the following 
particulars. 


Mr. Curr’s Table of Proportions for tlie Parts of Atmofpheric Steam-Engines. 


Cylinder*. 

Boiler*. 

Injection. 'I be Cittern being 36 Feet 
above tbe T‘*i'Oflhe Cylinder. 

Scantling of tbe Working* 
Beam*, as Feet long. Oak in a 
Angle Piece. 

Iron 

Shank* 

fo* Pi It on 

Beam- 

Centiea. 

Arch-head 

Chain. 

PreflUr* on the 
Plftun, at 7 lb. 
per fquare 
Inch. 

Diameter 
in Incite*. 

No of 
Boiler*. 

Diameter 
cjt tbe 
Boiler*. 

Diameter 
of tbe 
Feed-Pipe. 

Diameter 
of the 
Stem. 

ripe. 

Water.way of 

litjeUlui.. 

Cotk. 

Square 
Mo o for 
jet. 

Bore of 
InledUon* 
Pump. 

Bore of 
InJ fllorw 

Pipe 

Square of tbe 
Middle. 

Squtre at the 
End*. 

Square of 
one of 
the four 
Shank* 
for the 
Pliton. 

01 ametcr 
of the 

Gudgeon* 

Diameter of the 
Pina for the 
Chain*. 



Feet. 

I DC be*. 

Inche*. 

Inche'. 

Inche*. 

Inche*. 

Inche*. 

inche*. 

In. he*. 

Inche*. 

Inche*. 

Inche* 

Pound*. 

*5 

I 

00 


8 
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j 

» 
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31 
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3 * 

Ii 
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I 
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3 

9 
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4 
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24 22 
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H 

4 

Ii 
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35 

I 
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3 

10 

31— > 

I 

34 
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22 17 

I| 
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Ii 

6734.80 

40 ] 

I 

H 

3 t 

12 
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H 

6 

4 
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2 
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Ii 
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1 1 
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9 
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Ii 

6i 
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2i 

44 

Ii 
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2 
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14 
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n 
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12 
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IS 

9 

5 
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3 

6 
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16 
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1} 

95 
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61 
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H 


a— 4 


4r — *4 

l-r 

10; 

5 i 

: 

MSB 

33 — 26 

3 i 

60 
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26939.22 


In all thefe engines, he fuppofe3 the length of the ftroke 
to be nine feet, and that they work feet ftroke in common 
work. 

In 1793, Mr. Francis Thompfon had a patent for making 
the atmofpheric engine work a double ftroke, for the con- 
venience of turning machinery by a crank 5 this he effe&ed 
by employing two cylinders, one inverted over the other, 
and the ptfton of both conne&ed by one rod, which paffed 
through the bottom, or rather the top of the inverted cy- 
linder, and was conne&ed with the beam ; by this means the 
cylinder a£ted alternately to make an up or Jown ftroke. 
This never came into ufe, for the engine was as complicated 
as Mr. Watt’s, without any of his advantages. 

Mr . Watt's Steam-Engine * — The principle of this valuable 
invention will be beft explained by a ftatement of the manner 
in which it originated, and the fteps by which it attained its 
prefent degree of pertedlion. y 

Mr. James Watt was, in 1 763, a maker of mathematical in- 
ftruments at Glafgow, and being a man of a truly philo fophi- 
cal mind, and well converfant with all branches of fcience, he 
was in habits of aflociating with the molt celebrated fcientific 
men at that time in Scotland, particularly with Dr. Black, Dr. 
Roebuck, and Dr. Robifon, then a young philo fopher. About 
this time he undertook to repair a working model of a fteam- 
engine belonging to the univerfity of Glafgow, and during this 
employment, obferved the great lofs of (team from the con- 
denfation of the cold furface of the cylinder, which we have 
before explained in Mr. Smeaton’s inveftigations, though the 
Utter were not made till after Mr. Watt’s, lie obferved that a 
great quantity of heat is contained in a very minute quantity 
of water f in the form of elaftic fleam ; for when a quantity 


of water is heated feveral degrees above the boiling point in 
a clofe digefter, if a hole be opened, the fteam rulhes out 
with great violence, and in three or four feconds, the heat of 
the remaining water is reduced to the boiling heat. If the 
fteam be condenfed, the whole of it will afford only a few 
drops of water ; yet this fmall quantity, in the ftate of 
fteam, carried off with it all the excefs of heat from the 
water of the digefter. Mr. Watt reafoned, that if fo great 
a quantity of heat is contained in a certain quantity of fteam, 
the economical ulc of the fteam was a matter of the firft im- 
ortance in the improvement of the engine, more than the con- 
ru6tion of the furnace, which had been the chief obje& of 
former efforts to improve the engine, the improvement of 
the application of the fteam having been much negle&ed after 
it was firft fettled by Beighton. 

The cylinder of the little model was heated when the fteam 
was in it, fo that it could not be touched by the hand ; but 
before a vacuum could be made, it required to be cooled by 
the inje&ion, and was then to be heated again by the re- 
entrance of the fteam : this, he faw, could not happen, unlefs 
the heat was abftradled from the fteam, which mult occafion 
the condenfation and waite of a confiderable portion. His firft 
enquiry was, what portion of the fteam was thus wafted ; 
but fo very few experiments had been made, even upon the 
moft effential part of the fubjedl, that the real bulk of 
water, when converted into fteam of a given heat, remained 
unknown, until he determined it by new experiments in the 
year 1764. The opinions which had been entertained con- 
cerning its bulk before that time were much beyond the 
truth, and could by no means be deduced from the very 
inaccurate experiments which were faid to have been made. 
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Thus fumifhed with data, he was enabled to afcertain that 
the lofs of fteam, in alternately heating and cooling the cylin- 
der, was not lefs than three or four times as much as would fill 
the cylinder and work the engine. The boiling of water in an 
exhaufted receiver at low heats, which had been difeovered, we 
believe, by M. Coulomb, was about this time communicated to 
Mr. Watt ; but it was neither known what thefe heats were, 
nor what progrefiion they obferved under various prefTures, 
before he made his experiments on that fubjeft. Thefe ex- 
periments pointed out another defeat of the common fleam- 
engine, viz. that the inje&ion-water thrown into the cylin- 
der to condenfe the fteam becoming hot, and being in a veflel 
exhaufted of air, it produces a fteam or vapour, which in 
part refiits the preffurc of the atmofphere upon the pifton, 
and leffens the power of the engine : this might be remedied 
by throwing in as much water as would cool the whole veflel 
below the point at which water boils in vacuo ; but then 
it would increafe the firft-mentioned inconvenience, which is 
the deftru&ion of fteam that unavoidably happens upon 
attempting to fill a cold cylinder with that fluid. Others, 
who had conftrutted fteam-engines, found, that as they 
made their exhauftion more perfect by making the cylinder 
colder, they increafed the confumption of fteam in a greater 
proportion than they gained power. Though it appears they 
were ignorant of the caufe, they were fo fenfible of the effe6t, 
that they contented themfclves with caufing the engine to 
raife a load equal to feven pounds upon the fquare inch of 
the area of the pi (Ion ; whereas the prefTure of the at- 
mofphere would have raifed much more, if the cylinder had 
been perfe&ly exhaufted. 

Mr. Watt’s firft attempt at the improvement of the en- 
gine was by employing a wooden cylinder, which would 
tranfmit the heat more flowly : this had fome effeft, but 
did not anfwer in other refpe&s, and he was obliged to 
abandon it, as well as Mr. Brindley, who had before tried 
the fame thing. He then cafed his metal cylinders in a 
wooden cafe with light wood-afhes : by this, and ufing no 
more injedtion than wa9 abfoiutely neceffary for the con- 
denfation, he reduced the wade almoft one-half. But by 
ufing fo fmall a quantity of cold water, the iufide of the 
cylinder was hardly brought below the boiling temperature, 
and there consequently remained in it a fteam of very con- 
fiderable elafticity, which robbed the engine of a propor- 
tionable part of the atmofpherical prefTure. 

It was not until the next year (1765) that Mr. Watt 
made his great invention of performing the condenfation in 
a Separate veffei from the cylinder. He conceived, that if 
a veflel, which he afterwards called the condenfer, was 
made to communicate with the cylinder by a pipe, and 
filled with fteam at the fame time, an inje&ion being 
thrown into the latter veflel would condenfe the fteam 
therein, and caufe a vacuum. Under thefe circumftances, 
the elafticity of the fteam in the cylinder would caufe it to 
rufh into the veffei to reftore the equilibrium ; but this 
fteam being condenfed immediately it entered the veffei by 
the continuance of the inject ion, the vacuum would ft ill re- 
main, and draw off the remaining fteam from the cylinder 
until none was left. Here then was the vacuum in the 
cylinder produced, without any neceflity for dimimfhing the 
temperature below the boiling point. Having thus ob- 
tained the vacuum to caufe the defeent of the pifton, the 
fubfequent re-afeent could be obtained by cutting off the 
communication between the cylinder and the condenfer, and 
admitting into the former a frefli fupply of fteam from the 
boiler 5 but it was not neceffary to admit any frefh fteam 
from the boiler to the condenfer, as the vacuum produced 
therein ttill continued, and it would be ready to receive 
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and condenfe the fteam from the cylinder, as foon as the 
pifton arrived at the top of it, ready to make another 
ftroke. 

The firft difficulty which oppofed itfelf to this beautiful 
chain of reafoning was, how to continue the a&ion, and 
prevent the feparate condenfing veffei from filling with 
the inje&ion-water, and alfo how to get rid of «ie air. 
To fnift by blowing fteam into the veffei, in the manner of 
the former engine, would have caufed him as great a wade 
of fteam from condenfation, as he would fave by all his dif- 
covery. He then thought of condenfing without inje&ion, 
limply by the application of cold water to the outfide 
of the condenfer, on Savery’s firft plan ; and to get rid of 
the fmall quantity of water produced by the condenfation 
of the fleam, he intended to carry a pipe down from the 
condenfer to a depth of 34 feet, from the end of which the 
water would run off by its gravity. But the air which 
is carried over by the fteam would alfo accumulate by de- 
grees, and could not be fo eafily evacuated ; a fmall pump 
mu ft then be applied to draw it off, and keep the condenfer 
empty. 

Mr. Watt at the fame time conceived, that it would be 
very advantageous to employ the prefTure or expanfive 
force of the fteam to a£tuate the pifton in its defeent, 
in Head of the prefTure of the atmofphere, as it would be 
more manageable than the other in its intenfity. Thus 
was the whole difeovery made in a day ; and it only re- 
mained to invent the details of the mechanifm to carry it 
into effeft, and to eflablifh by experiment the requifite pro- 
portions of the parts. 

Mr. Watt’s firft experiment on thefe new ideas was to 
try the effedl of the feparate condenfer ; but before he had 
made the apparatus for the experiment, he refolved to ex- 
tra& the condenfed water from his condenfer by means of 
the fame pump which fhould draw off the air, as this 
method would be applicable in all fituations. 

The firft apparatus was a cylindrical veffei, fitted with a 
pifton, which could be drawn up in it to exhauft the air 
therefrom. This veflel was made to communicate, by means 
of a long pipe half an inch in diameter, with the cylinder of 
the engine, which was two inches in diameter, and ten 
inches long. The pipe had a ftop-cock, to cut off the com- 
munication at pleafure 5 and the cylindrical veffei, which was 
made of thin tin-plate, was immerfed in cold water. The 
pifton of the cylindrical veffei being preffed to the bottom 
to difplace the contained air, was then drawn up to leave 
a vacuous fpace, and the cylinder of the engine, having its 
pifton at the top, was filled with fteam. The cock in 
the communicating pipe being then opened, the pifton de- 
fended with a velocity, which (hewed that the vacuum in 
the cylinder was almoft perfc& ; and he found, that when 
he ufed water in the boiler purged of air by long boiling, 
nothing that was very fenfibly inferior to the preffure of 
the atmofphere on the pifton could hinder it from coming 
quite down to the bottom of the cylinder. This alone was 
gaining a great deal ; for in mod engines, the remaining 
elafticity of the fteam arifing from the heated inje&ion- 
water was not lefs than one eighth of the atmofpherical 
preffure, and therefore took away one-eighth of the power 
of the engine. 

Mr. Watt was fo much occupied in other bufinefs, that 
it took him much time to complete h\s machine, and bring 
the whole to bear, fo that he did not apply for his firft 
patent until 1768, which bears date 5th Jan. 1769, and is 
for his method of lcffening the confumption of fteam and 
fuel in fire-engines. The fpecification contains the follow- 
ing principles. 
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« Firft. That the veffcl in which the powers of fteam 
are to be employed to work the engine, which is called the 
cylinder in common fire-engines, and which I call the ftearn- 
veftel, muft, during the whole time that the engine is at 
work, be kept as hot as the fleam that enters it ; firft, by 
enclosing it in a cafe of wood, or any other material that 
tranfmits heat flowly ; fecondly, by furrounding it with 
fteam, or other heated bodies ; and thirdly, by fuffering 
neither water, nor any other fubltance colder than fteam, to 
enter or touch it during that time. 

41 Secondly. In engines that are to be worked wholly or 
partially by condcnfation of fteam, the fteam is to be con- 
denfed in vefl‘el3 diftind from the fteam-vefleU or cylinders, 
although occalionally communicating with them. Thefe 
veflitls I call condenfers ; and while the engines are work- 
ing, thefe condenfers ought at leaft to be kept as cold as 
the air in the neighbourhood of the engines, by applica- 
tions of water, or other cold bodies. 

44 Thirdly. Whatever air, or other elaflic vapour, is 
not condenled by the cold of the condenfer, and may im- 
pede the working of the engine, is to be drawn out of the 
fteam-veflels or condenfers by means of pumps, wrought 
by the engines thcmfelves, or otherwife. 

44 Fourthly. I intend, in many cafes, to employ the 
expanfive force of fteam to prefs on the piftons, or whatever 
may be ufed inftead of them, in the fame manner as the 
preflurc of the atmofphere is now employed in common 
fire-engines. In cafes where cold water cannot be had in 
plenty, the engines may be wrought by the force of fteam 
only, by difeharging the fteam into the open air after it has 
done its office. 

N. B. This fhould not be underftood to extend to any 
engine where the water to be raifed enters the tteam-veflel 
itfelf, or any vefTels having an open communication with it. 

44 Fifthly. Where motions round an axis are required, 
I make the fteam-veflels in form of hollow rings, or cir- 
cular channels, with proper inlets and outlets for the fleam, 
mounted on horizontal axles, like the wheels of water-mills. 
Within them are placed a number of valves, which fuffer 
bodies to go round the channels in one dire&ion only. In 
thefe fteam-veflels are placed weights, fo fitted to them as 
entirely to fill up a part or portion of their channels, yet 
rendered capable of moving freely in them by the means 
hereinafter mentioned or fpecified. When the fteam is ad- 
mitted into thefe engines, between the weight* and the 
valves, it adits equally on both, fo as to raife the weights to 
one fide of the wheel, and by the re-a&ion on the valves, 
fuccefiively to give a circular motion to the wheel ; the 
valves opening in the dire&ion in which the weights are 
prefled, but not in the contrary one, as the fteam-veffel 
which moves round it is fupplied with fteam from the boiler, 
and that which has performed its office may either be dif- 
charged by means of condenfers, or into the open air. 

“ Sixthly. I intend, in fome cafes, to apply a degree 
of cold, not capable of reducing the fteam to water, but of 
contra&ing it confiderably, lo that the engines (hall be 
worked by the alternate expanfion and contra&ion of the 
fteam. 

« Laftly. Inftead of ufing water to render the pifton 
or other parts of the engines air and fteam-tight, I employ 
oils, wax, refinous bodies, fat of animals, quickfilver* and 
other metals, in their fluid ftate.” 

Soon after his patent, Mr. Watt became aflodated with 
Dr. Roebuck, who eftabliflied the Carron iron-works. 
They propofed eftablifliing an extenfive manufa&ory for 
fuch engines under the patent ; and Mr. Watt began his 
firft real engine of 18 inches cylinder, at Kinney, near 
xo 
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Borrowftownefs. This was a fort of experimental engine* 
and was fuccefiively altered and improved till it was 
brought to confiderable perfe&ion. In the details of 
its conftru&ion, the greateft difficulty of all was in the 
packing of the pifton, fo as to be fteam-tight ; becaufe 
Mr. Watt’s principle did not admit of water being kept 
upon the pifton to prevent the leakage, as in the old 
engines. He found great difficulties in procuring a cylinder 
fumciently accurate, until a new method was introduced 
at Burham foundery, by Mr. John Wilkinfon. In the old 
method of boring, the mftrument which performs the part 
of cutting the metal was guided in its progrefs only by the 
incorreft form given to the cylinder by the moulder; 
and though it infured that every part of the cylinder fhould 
be circular, it gave no certainty that the cylinder would be 
ftraight. This was quite fuflicient for the old engines, but 
Mr. Watt’s engines required greater precifion. Wilkinfon’s 
machine, which is deferibed in our article Cylinder, infures 
all the accuracy the fubjeft is capable of ; and if the cylinder 
fhould be call ever fo crooked, the machine will oore it 
ftraight and true. 

Dr. Roebuck becoming embarrafled, from the failure of 
his vaft undertaking in the Borrowftownefs coal and fait 
works, was unable to profecute the manufa&ory of fteam- 
engines, and, in 1774, difpofed of his intereit in Mr. 
Watt’s patent to Mr. Matthew Boulton, whofc eftablifh- 
ment at Soho, near Birmingham, was then the molt com- 
plete in England, and condu&ed with the moft fpirit. A 
portion of the works was allotted to Mr. Watt, who 
ere&ed a foundery, and the neceffary works to carry his 
invention into effeft, on a grand feale. 

In confequence of the great lofs of time, and the enor- 
mous expence necefiary for bringing the engine to perfedfion, 
Mr. Watt was not able to produce any large engines, as 
fpecimens of his invention, until 1774; and found, from 
the difficulty of introducing them, that the term of his 
patent was likely to pafs away before he fhould be reim- 
bursed : he, therefore, applied to parliament for a pro- 
longation of his term, which was granted for 21 years, by 
an a& pafl'ed in 1775* With this encouragement, and with 
the advantage of Mr. Boulton’s afiiftance is fyftematizing 
the manufa&ure of the parts, Mr. Watt foon produced many 
capital engines, which were ere&ed in Staffordfhire, Shrop- 
fhire, and Warwickfhire, and a fmall one at Stratford near 
London. He found it was necefl’ary to admit a fmall jet of 
inje&ion into the condenfer, and to employ an air-pump of 
fufficient dimen fions to extra& both the condenfed fteam and 
inje&ion-water, as well as the air ; for the condenfation, by 
the application of external cold, was not fufficiently rapid, 
and the engine was fo much improved as to afford amply 
for the power requifite to work the air-pump. 

The condenfing of the fteam, by inie&ion into the edu&ion- 
pipe, was an idea as early as the other kinds of condenfers* 
and was tried in the very firft engine built at Kinneil ; but 
the other imperfe&ions of that machine, owing to its leaks 
and bad workmanfhip, made a bad vacuum ; and this being 
attributed to the air which came in with the injection- water* 
Mr. Watt difufed the inje&ion into the condenfer, until the 
fize and expence of the tubulated condenfer for large engines* 
made him refolve to facrifice a part of the power of the en- 
gine to convenience, and to employ larger air-pumps. In an 
engine at Bedworth, three air-pumos were ufed, two below* 
which were fide by fide, and worked by chains from each 
fide of the beam, and a third above thefe two, and between 
them in the middle : this third one received the hot water 
lifted up by the other two ; and by leflening the furface ex- 
pofed to the preffure of the atmofphere, extracted the water 
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with greater cafe. In 1778 he only employed two air- 
pump* for the largett engines, one being double the area 
of the other, and in fucceeding engines ufed only one, as at 
prefent, which is the air-pump of Smeaton. 

A (ketch of one of thefe firft engines is given in Plate IV. 
Steam-Engine , Jig* 4. The cylinder, and great beam, with 
its arch-heads and the pumps, Hood in the fame pofition as 
the former engines ; but the cylinder, A, was fmaller in pro- 
portion to the load than thole before ufed, as it was ge- 
nerally loaded to 12J pounds on the fquare inch. The cylin- 
der was very accurately bored withinfide, to make it ftraight 
and cylindrical, ahd externally it was furrounded by a fecond 
cylinder, or jacket B B, leaving a fmall fpace, G, all round 
between the bored or internal cylinder, and the outer 
jacket B. 

This fpace, G, communicated by a large pipe, F, with the 
boiler, and always remained full of ftcam, io as to keep the 
cylinder, A, at the fame heat with the lleam, and thereby 
prevent any condenfation within it, which would have been 
a much greater lofs than an equal condenfation from the ex- 
ternal furface of the jacket B. The jacket, B, was furnilhed 
with a lid, C, which had a hole in the centre for the pilton- 
rod, <?, to pafs through. The rod was made truly cylin- 
drical, fo that the hole could be kept fleam-tight by a collar 
of oakum ferewed round it at E. The inner cylinder, A, had 
a clofe bottom, and the jacket, B, joined to the fame, the cy- 
linder being fitted with the pillon II H, as ufual ; but the 
top of the internal cylinder, A, did not reach quite up to the 
lid of the jacket B, or outer cylinder ; by which means the 
fleam had always free accels to the top of the piilon, H, from 
the fpace, G, between the cylinders, and confequently from the 
boilers through F. At the bottom part of the inner cylinder 
there were two regulating valves, O and K, one of which, O, 
either admitted the iteam to pafs from the interitice, G, be- 
tween the jacket and the cylinder, through a paffage, I, into 
the fpace of the interior cylinder below the pifton, or (hut 
out the lleam from that fpace at pleafure : the other valve, K, 
opened or (hut the end of the edu&ion-pipe M, which con- 
duced to the condenfer L. The condenfer, L, was a clofe 
veffel, made of thin metal, and furaifhed with an air-pump N- 
The air-pump had valves, and a bucket, b> for exhaulling the 
air, and drawing off the water which was produced by the 
condenfation of the lleam, along with the air which is 
extricated from the water in boiling, and rifes with the 
(learn. The air-pump was conftru&cd nearly the fame as 
a common pump, except that it had a lid or cover on the 
top of the barrel, to keep the preffure of the atmofphcre from 
bearing conflantly upon the bucket. The rod, d , of the 
bucket palled through a ftuffing-box in the lid, and was 
fufpended by a chain from the great working beam of the 
engine. The condenfer E, together with the air-pump N, 
were placed in a large cittern of cold water X, fituated 
generally under the floor of the engine-houle, between the 
cylinder and the wall on which the beam retied, and fupplied 
conflantly with frefh cold water from a fmall pump worked 
by the engine, or the cittern was placed outfide of the wall, 
between the wall and the pit of the pump. 

The a&ion of this engine is as follows : fuppofe fleam 
from the boiler to enter at F, and fill the fpace, G, between 
the jacket and the cylinder, and alfo the upper part of the 
cylinder above the pifton. The condenfer, L, is exhaufted of 
its air, by opening both valves, O and K, in the bottom of the 
cylinder, and allowing the fleam from the fpace, G, to blow 
through it, and through the valves of the air-pump : both 
valves are then (hut, ana the external cold condenfes it fo as to 
leave a vacuum in the condenfer, whilft the cylinder, A, is all 
the while full of fleam, from the fpace G, both above and be- 
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low the pifton H : the fleam-valve, O, being (hut, cuts off 
all communication with the under fide of the pifton from the 
lleam in G, or in the boiler, and at the fame time the exhauft- 
ing-valve, K, from the condenfer is opened, when the fleam 
ruflics from the fpace of the cylinder A, below the pifton, 
through the eduftion-pipe M, into the vacuum of the con- 
denfer, with great violence, till it comes in contadl with the 
cold Tides of the condenfer L, which is made of thin metal, 
and immerfed in cold water. Under thefe circumitanccs the 
lleam is immediately deprived of its heat, and reduced into 
water ; more lleam immediately rulhes in from the cylinder, 
until it is exhaufted, and makes a vacuum beneath the pif- 
ton H. The fleam which is above the pifton ccafing to be 
countera&ed by the fleam which was below it, prefles be- 
tween the top of the pifton and the bottom of the lid, C, with 
its whole elaftic force, and caufes the pifton to defccnd to the 
bottom of the cylinder, carrying along with it the beam, and 
raifing the pump-buckets at the other end. The exhaulting- 
valve, K, is then (hut, and the fteam-valve, O, opened, which, 
allowing the ftcam to enter below the pifton, leaves it at 
liberty to rife ; in which cafe, the fuperior weight of the 
pump-rods raifes the pifton to the top of the cylinder, ready 
to commence another ftroke. 

The advantages that, anfe from this conftru&ion are : 
ift. The cylinder, being lurrounded with the fleam 
from the boiler, is always kept uniformly as hot as the 
(learn itfelf, and is, therefore, incapable of deftroying 
any part of the lleam which (hould fill it, as the common 
engines do. 2dly. The condenfer being kept always as 
cold as water can be procured, and colder than the point 
at which it boils in vacuo, the fleam is perfcdlly condenfed, 
and does not oppofe the defeent of the pifton ; it is, 
therefore, forced down by the full power of the fleam 
from the boiler, which is fomewhat greater than that of 
the atmofphere. 3dly. The elafticity of the fleam being 
employed to profs down the pifton, inftead of the preffure 
of the atmolphcre, the air docB not enter the cylinder, or 
cool its interior furface 5 and the engine is not confined, as 
in the former engine, to work with its whole force, but it is 
only to adminifler ftcam of a proper elafticity, and we can 
vary the force of the engine very confiderably, without lofing 
any more fuel than that for which we obtain an effedt. 

When an engine of the old formistobccre&ed, the engineer 
mull make an accurate eftimatc of the work to be performed, 
and mull proportion his engine accordingly. He muft be 
careful that it be fully able to execute its talk 5 but its power 
inult not exceed its load in any extravagant degree. This 
would produce a motion which is too rapid, and which, being 
alternately in oppofite dire&ions, would occafion jolts, which 
no building or machinery could withftand. Many engines 
have been (nattered by the pump’s drawing air, or a pump-rod 
breaking ; by which accidents, the Iteam-pifton deicendt 
with fuch force and rapidity, that every thing mull give way. 
But in moil operations of mining, the talk of the engine in- 
creafes, and it mull be fo conftru&ed, at firft, as to be able to 
bear this addition. It is very difficult to manage a common 
engine when it is much fuperior to its talk : the only mode 
is, as we have deferibed, by the fupply of a fcanty injection ; 
but the eafieft way is to work the engine almolt full loaded, 
and that only during a few hours each day, allowing 
the pit- water to accumulate during its repofe. This in- 
creafes the firft coft of the eredlion, and waftes fuel 5 the mi- 
ners are alfo much incommoded with water during the ina&ion 
of the engine. Mr. Watt’s engine can, at all times, be exa&ly 
fitted, during the working itroke, to the load of work that 
then happens to be on it : it is only neceffary to adminiftcr 
fleam of a proper elafticity. At the firft erc&ion of the 
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engine, it may be calculated equal to twice its talk, fuppofing 
that the fteam admitted above the pifton is to be three or 
four pounds per fquare inch more elaftic than the atmofphere ; 
but when the engine is firfl fet to Work, it may be made to 
aft with a fmall portion of its force, by ufing weaker 
lleam ; for when once the ebullition in the boiler is fairly 
commenced, and the whole air is expelled from all parts of 
the apparatus, it is evident that, by damping the fire, fteam 
of half this elatticity may be continually fupplied, and the 
water will continue boding, although i u temperature does 
not exceed 1 85° of Fahrenheit’s thermometer. This appears, 
by infpefting our tirlt table of vaporous clafticity. 

The method now propofed has one inconvenience ; for, 
while the fteam is weaker than the atmofphere, there is an 
external force tending to fqueeze in the ftdes and bottom 
of the boiler, which could not be refilled in a large boiler, 
if the difference was confiderable, and common air would rufti 
in through every crevice of the joints of the engine. The 
regulation of the velocity of the engine may be produced 
by dimimfhitig the paftage for the fteam into and out of the 
cylinder ; for this purpofe, the exhauftion-valve K, by which 
the fteam paffes away from the cylinder, may be fo conflrud- 
ed, that its mechanifm will lift it more or lefs high from the 
conical feat in which it is lodged, andconfcquently thepaffage 
can be enlarged or contracted at pleafure, by the diiUncc to 
which the valve is drawn up. The degree of opening given 
to the exhauftion-valve would determine the rate at which 
the fteam would flow off from the lower part of the cylinder 
to the condenfer, and confequently the velocity of the defeent 
of the pifton ; alfo the degree of opening of the other, or 
lleam-valve, O, would determine the rate of the afeent of the 
pifton, by regulating the rate at which the fteam could pafs 
from the boiler into the lower part of the cylinder. 

But to fave the trouble of making the adjuftment for the 
degree of opening of the working-valves, it is better to place 
a feparate valve in fome part of the fleam-pipe F, which 
brings the fleam from the boiler to the jacket of the cylinder ; 
then if this valve, which is called the throttle-valve, and is 
folely for the purpofe of regulation, be partially elofed, fo 
that it will not admit fteam into the jacket as fafl as the 
defeent of the pifton makes room for it in the cylinder, it is 
evident that the fteam in the top of the cylinder, and in the 
fpace of the jacket, mufi expand itfelf to nil a greater fpace, 
and thereby become more rare than before, and prefs upon the 
pifton with lefs force. And this mode of regulation, by di- 
minifhing the quantity of the fvipply of fleam, rather than di- 
minifhing its elaflicity in the boiler, has this advantage, that a 
very confiderable increafe of the load of the engine cannot flop 
its motion, although it may retard it,becaufe the clofing of the 
throttle-valve only dimimfne* the velocity of the motion, not 
the force which the engine is capable of exerting when 
moving under a ftill leis velocity. Suppofe the load is fo 
increased as to make the engine move very llowly, the fleam 
will flow through the valve into the jacket ana top of the 
cylinder fatter than the defeent of the pifton will make room 
for it, and in confequence it will accumulate, until it has 
acquired the fame preffure as within the boiler, or a fufficient 
preffure to overcome the refiftance to the pifton, and make 
it defeend. 

The form of the engine reprefented in fig. 4* was that 
which Mr. Watt firft employed in his Angle engines for 
pumping ; and, in fome cafes, where atmofpheric engines 
were altered to this plan, the old cylinder, being inverted, 
ferved for the jacket, or external cylinder, the new cylinder 
being little more than half the area of the old one. He after- 
wards adopted another form for the arrangement of the parts, 
in which the fleam for the fupply of the cylinder does not 
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pafs through the jacket, but enters from the fteam-pipe 
through a valve immediately into the top of the cylinder ; and 
though the jacket has a communication with the boiler, the 
fleam admitted within it is only for the purpofe of keeping 
up the heat, and preventing any condenfation of the fteam 
within the cylinder. In this way the jacket becomes left 
eflential to the engine; and about the year 1778, Meffra. 
Boulton and Watt began to make the jackets of wrought, 
iron plate, about 1* inch from the cylinder all round ; and, 
in fome cafes, they laid the jacket afide, but found this an 
ill-judged economy, and returned to it again, as they per- 
ceived that it made a difference in the fuel. 

This engine is reprefented in Plate IV. jig. 5. The cylinder, 
A A, like the former, is elofed at top by the lid or cover C 5 
but this lid is ferewed to the top flanch of the cylinder 
itfelf, inftcad of the top of the jacket, which may be omitted 
or not in this form, becaufe the current of fteam from the 
boiler, for the fupply of the cylinder, does not flow through 
it, as in the former engine. The fteam is brought from the 
boiler to the cylinder by the pipe F, which appears like a 
circle, being cut acrofs in the direction of its length : /is the 
regulating or throttle- valve in that pipe, and //the communi- 
cating paftage into the top of the cylinder, immediately be- 
neath the valve, fo that through this the fteam has always 
entry into the top of the cylinder to prefs upon the pifton, 
in fuch quantity as the opening of the regulating-valve, /, 
will allow. W is the fteam-pipe, which defeends to the 
bottom of the cylinder, for the purpofe of eftablifhing 
a communication between the top and bottom of it, when 
the pifton is to afeend ; and O is the ileam-valve, which 
opens or (huts that communication at pleafure. F is the 
exhauiling-valve, which being opened when the lleam- 
valve, O, is (hut, allows the fteam to pafs off to the con- 
denfer, which may be confidered as the fame which we have 
before deferibed. 

Suppofe the pifton at the top of its cylinder, and all 
the parts (except the edudion-pipe M, and condenfer, which 
arc vacuous) full of fleam ; if the valve O be fhut, the ex- 
hau fling- valve K, being opened, will permit the fleam con- 
tained in the lower part of the cylinder to pafs by its elaf- 
ticity, and rufh into the vacuum of the edudion-pipe and 
condenfer ; and being there condenfed, the reft will follow till 
none remains : then the fleam, flowing through the throttle- 
valve, and paftage into the top of the cylinder, preffes down 
the pifton into the vacuous cylinder, until it arrives at the 
bottom ; the exhaufting-valve, K, is then fhut, and at the 
fame time the fleam-valve, O, is opened by the plug-frame : 
this fuffers the fleam from the boiler to rufh into and oc- 
cupy that fmall portion of the bottom of the cylinder be- 
neath the pifton, which being filled with fteam of an equal 
denfity to that above it, there will be an equal preffure 
on both Tides of the pifton 5 and the opening of the valve, O, 
having made a free communication between the top and 
bottom of the cylinder, the pifton is at full liberty to rife by 
the adion of its counter-weight, until it arrives at the top of 
the cylinder, and then the fleam-valve, O, is fhut, and the ex- 
hauiling-valve, K, opened, to make another ftroke, as before. 

The fketch in fig. 2. was taken from an engine Meffrs. 
Boulton and Watt ereded at Hull, in 1779 5 an ^ this, with 
fome flight variations in the manner of its adion, which we 
fhall afterwards deferibe, is the prefent ftandard engine for 
pumping water : the variation is, that the regulating-valve, 
F, is made to open and fhut at every ftroke, and for regu- 
lation, another valve is applied in the lleam-pipe iuft before 
it arrives at F. 

In the two engines which we have deferibed, the piftoa 
defeends in confequence of the preffure of the fteam being 
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made to ad upon it whilft there is a vacuum beneath • and 
the afcent is made, when the pifton is placed in equilibrio, 
by an open communication being made between the upper 
and lower parts of the cylinder ; and this will always be an 
exad equilibrium, rot imperfed, as in the old engine, where 
the varying preffure of the fleam and of the atmofphere al- 
ways renders the circumflances in which the piiton riles 
uncertain. 

It is evident that the afcent of the pifton may be as well 
performed in vacuo, provided the vacuum is made at the fame 
time both above and below the pifton. This form of the 
engine is reprefented in^/tf. 3, in which, as the fame letters 
of reference are ufed, it is needlefs to repeat the defeription 
of the cylinder and pifton. F is the valve which admits the 
fleam to the top of the cylinder, to prefs upon the pifton : 
this valve is (hut when the engine makes its return or up- 
ftroke. K is the exhauftion -valve, placed clofe beneath the 
fleam-valve F, inflead of being at the bottom of the pipe 
W, which defeends to the condenfer, and gives off a 
branch, I, to the bottom of the cylinder : by this pipe 
the fleam is always drawn off from the bottom of the 
cylinder, to keep a conftant vacuum therein. Suppofe 
the exhaufling- valve, K, open, the fleam in the top of 
the cylinder will alfo pafs off to the condenfer through 
the pipe W, and leave a vacuum in the whole cylinder : 
iu this cafe the pifton rifes freely by the counter-weight to 
the top of the cylinder ; and being arrived there, the exhauft- 
ing-valve, K, is fhut, and the fleam-valve, F, opened. The 
fleam from the boiler entering into the top of the cylinder, 
and prefling between the lid and the top of the pifton, 
preffe8 down the latter to the bottom of the cylinder, where 
being arrived, the lleam-valve, F, is fhut, to prevent the far- 
ther admiffion of Iteam from the boiler ; and at the fame in- 
ftant, the exhaufting-valve, K, being opened, the iteam from 
the top of the cylinder palles off to the condenfer, and this 
makes a vacuum above the pifton, the lame as was before 
made beneath it : in confequence, the piiton is left at full 
liberty to rife by the action of the counter-weight, until it 
arrives at the top ; the exhaufting-valve, K, is then fhut, 
and the fteam- valve, F, opened, to make a frelh defeent. The 
advantage of this conllrudion is, that the whole time of the 
afcent of the pifton is allowed for making the condenfation ; 
but this is found of little importance in prad»ce, becaufe the 
vacuum takes place almofl inftantaneoufly, when the exhauft- 
ing-valve is opened, to allow the fteam to pafs off to the 
condenfer. 

Mr . W att’s Expanfion-Engine . — Thi9 was a moil import- 
ant improvement, of which Mr. Watt had the firft idea 
in 1769, but did not fully put it in pradice until 1778. 
It confi.ts m fhutting off the farther entrance of fteam 
from the boiler, when the pifton has been prefled down in the 
cylinder for a certain proportion of its total defeent, and 
then leaving the remainder of the defeent to be accomplifhed 
by the expanfive force of that fleam which is already intro- 
duced into the cylinder. This gives the means of regulating 
the ading force of the engine, becaufe the pins of the plug- 
frame can be placed in fuch a manner, as that the iieam- 
valve (hall be fhut when the pifton has defeended one-half, 
one-third, one-fourth, or any other proportion ; and fo 
far the cylinder will be occupied with fteam of the fame 
elafticity as that in the boiler, which is ufually about 
the fame as the atmofphere. In order to prefs the pifton 
farther down, the fleam mull expand ; and though its 
elafticity will diminifh, it will be enough to complete the 
ftroke. It is plain that this can be done in any degree at 
pleafure, as the adjuftment of the pins in the plug-frame can 
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be varied in an inftant ; and according as the engine requires 
more or lefs power, to allow the fleam to ad with its full 
force upon the pifton for a greater or lefs portiou of its 
total defeent. If this method of working an engine had no 
other advantage than the regulation of the power, it would 
not efted the cud better than the throttle-valve 5 but by the 
expanfive principle a great faving of fteam is made. We 
have before obferved, in deferibing the adion of New- 
comen’s engine, that the motion of the pifton is accele- 
rated in its defeent by the continued adton of the pref- 
fure of the atmofphere whilft the load is conftant, or even 
greateft at the firft, cor.fidcring the vis inertia:. Mr. Watt’s 
engine is the fame, but in a left degree, when it has a throttle- 
valve, becaufe the fteam cannot then come to the pifton, ex- 
cept in a limited quantity ; but when the top of the cylin- 
der is open to the boiler, or the throttle- valve fully open, 
the effed is the fame as if the atmofpheric air had free en- 
trance into the top of the cylinder. Now by flopping the 
further entrance of the fteam at a certain portion of the de- 
feent, the pifton can he made to defeend with an uniform ve- 
locity, by the expenditure of only a portion of that quan- 
tity of fteam which would be required, if fleam of its full 
denfity was employed to prefs it down to the bottom with 
an accelerated velocity. 

But when the fteam is fhut off at a portion of the de- 
feent, the preffure on the pifton is continually diminifhing as 
the fleam becomes more and more rare ; and, confequently, 
the accelerating force which works the engine diminifhes. 
The motion of the defeent, therefore, will no longer be 
uniformly accelerated ; it will approach much faflcr to uni- 
formity ; or it may even be retarded ; becaufe, although 
the preffure on the pifton at the beginning of the ttroke may 
exceed the refiftance of the load, yet when the pifton is near 
the bottom, diminution of the preflure may occafion the refin- 
ance to exceed the preffure ; in this cafe the motion can only 
be continued by the momentum of the moving parts. What- 
ever may be the law by which the preflure on the pifton 
varies, it is poffible to contrive the connecting machinery in 
fuch a way, that the chains or rods at the outer end of the 
beam (hall continually exert the fame preffure to lift the 
pump-rods, or that the machinery (hall vary its force accord- 
ing to any law which is found moll convenient. This may 
be done on the fame principle that the watch-maker, by the 
form of the fufee, tranfmits an equal preffure to the wheel- 
work, from a very unequal adion of the main-fpring. In 
like manner, by making the communication from the piilon- 
rod to the pump-rod by means of chains, which wind upon 
arch-heads, formed to portions of a proper fpiral inflead of 
a circle, the force of the pifton upon the beam and pump- 
rods can be regulated at pleaiure, fo as to produce an uni- 
form effeCl. 

This was the fubjed of Mr. Watt’s patent, March 12, 
1782, for certain improvements upon fleam-engines, and cer- 
tain new pieces of mechanifm to be added to them. The fpe- 
cification of this patent, which is lodged in the Rolls chapel. 
Hates the invention to confifl in fhutting off the fteam at a 
portion of the defeent, as wc have deferibed, and applying 
and combining levers, or other contrivances, fo that tne un- 
equal or decreafing adion of the fteam upon the pifton fhali 
roduce an uniform effed in raifing the water in the pump* 
arrels. 

The adion of the expanfion of the iteam on the pifton is 
thus explained. Suppofe the whole defeent of the pifton de- 
cimally divided, was. into ten parts, and each fubdivided, the 
varying preffure of the expanding Iteam on the furface of the 
pifton at each divifion will be according to the following 
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table, which wc have made out from the information given in 
Mr. Watt’s fpecification, and which is on the fuppofition 
that the cylinder is eight feet long, or an eight-feet ftroke, 
and that the fleam is fhut oft' at one-fourth of the defeent, or 
at two feet from the top : but the fame law will hold gene- 
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rally as to thefc particulars. The preflurc of the fleam ia 
the boiler is fuppofed to be equal to that of the atmo- 
fphere, or 14 lbs. ber fquare inch, and the load of water 
in the pumps equal to 10 lbs. per fquare inch of the piflon’s 
furface. 


Onc-fourth, or 


One-half, or 


l\>ri ion* of ihc 
Th-frvnt limn tin 
Top of the (’yliiuli 

.05 T 

.1 

5 

.2 

• 2 5 

-3 

•35 

•4 

•45 


Thrcc-fourtln, 


Bottom of cylinder 



65 


n 


75 

,8 

•85 

9 

■95 


Proportion of the Pn*flnie 
of the Steam on the 
Piflon to thr whole Frelfure 
of 1 4 Urn. /)**r fquare Inch. 


Full iupply of fleam from the boiler 


Supply of fleam cut off, and the de- 
feent is produced by the expanlion 
only 


This is the full preflurc of 14 lbs. 
f per inch, before the fupply of 
| fleam is flmt off. 


0.83 
0.714 
c.6 25 
o-555 


o-454 

0.417 

°-3 8 5 

o-375 


0-335 


0.$12 

O.294 

O.277 

0.262 

O.25 


f Or half tin* original preflurc 5 
l viz. lbs. per fquare inch. 


f Or onc-third the original preflurc ; 
\ viz. 4 2 lbs. per fquare inch. 


{ 


Or one-fourth the original preflure ; 
viz . 3-Jlbs.^r fquare inch. 


11.583 


Upon this the fpecification remarks, that the fum of all 
the varying powers is greater than fifty-feven hundredth 
parts of the original power multiplied by the length of the 
cylinder, whereby only one-fourth of the fleam neceflary to 
fill the cylinder is employed, and the effeft is more than half 
that which would have been produced by the cylinder full 
of fleam. Thus the fum of all the numbers which exprefs the 
a&ion of the fleam, taken at twenty different places in the 
defeent, is 11.583; whiltlthe whole preflurc, reprefented by 
1, and taken likewife at twenty different places, will be 20 ; 
it is therefore VnV* or^V. 

Dr. Robifon’s inveftigation of Mr. Watt’s expanfion- 
engine is as follows: Let CrI R (Jig. 6.) reprefent a 
feaion of the cylinder of a fleam-engine, and H H the fur- 
face of its piflon. Let us fuppofe that the fleam was ad- 
mitted, while H H was in conta£l with C r ; and that as 
foon as the fleam had preffed it down to the fituation E F, 
the fleam-cock is fhut. The fleam, by expanding itfelf, will 
continue to prefs it down ; and as the fleam expands, its 
preflure diminifhes. We may exprefs its preffure (exerted 
all the while the piflon move* from the fituation C r to the 
fituation E F) by the length of the line E F. If we fuppofe 
the elafticity of the fleam proportional to its denfity, as is 
nearly the cafe with air, we may exprefs the preffure on the 
piflon in any other pofition, fuch as M L or I R, by M / 
and Ir, the ordinates of a re&angular hyperbola Tic ; of 
which C E, C r, arc the afymptotes, and C the centre. The 
accumulated preffure, during the motion of the piflon from 
E F to I R, will be expreffed by the area E F Ic I E ; 
and the preffure during the whole motion, by the area 


QrTlc IC. Now it is well known, that the area E FrIE 
is equal to C r F E, multiplied by the hyperbolic logarithm 
Cl Cl 

of cTT = ^ * ClT* anc * t ^ 1C w ^ e area CrFcIC 
is = CrFE x (1 + L C l). 


Thus, let the diameter of the piflon be 24 inches, and 
the preffure of the atmofphere on a fquare inch be 14 
pounds ; the preffure on the piflon is 6333 pounds. Let 
the whole ftroke he lix feet, and let the fleam be flopped 
when the piflon has defeended 18 inches, or 1.5 foot. The 


hyperbolic logarithm of — is 1.3862943: therefore, the 


accumulated preflure CrTlclC is ~ 6333 x 2*3862943 
= 15 1 14 pounds. 

As few profeflional engineers are poflefl'ed of a table of 
hyperbolic logarithms, while tables of common logarithms 
are or fhould be in the hands of every perfon who is much 
engaged in mechanical calculations, let the following method 


C I 

be praftifed : Take the common logarithm of and 

C E 


multiply it by 2.3026, the produft is the hyperbolic loga- 
C I 

rithm of • The accumulated preffure, while the pif- 


ton moves from Cr to EF, is 6333 x 1, or limply 6333 
pounds ; therefore, the fleam, while it expands into the 
whole cylinder, adds a preflure of 8781 pounds. 
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Suppofe that the fteam had been freely admitted during 
the whole defcent of the pifton, the accumulated preflure 
would have been 6333 x 4 , or 25,332 pounds. Here Mr. 
Watt obferved a remarkable refult. The It earn expended, 
in this cafe, would have been four times greater than when 
it was ftopped at one- fourth, and yet the accumulated 
preflure is not twice as great, being nearly fire-thirds. 
One-fourth of the fteam performs nearly three-fifths of the 
work ; and an equal quantity performs more than twice as 
much work, when thus admitted, during one-fourth of 
the motion. 

This information is curious and important, and the ad- 
vantage of this method of working a ttvam-engine increafes 
in proportion as the fteam is fooner ftopped ; but the in- 
crease is not great, after the Itcam is rarefied four times, 
as the curve then approaches near to the axis, and fmail ad- 
ditions are made to the area. The expence of fuch great 
cylinders is confiderable, and may fometimes compenfate 
this advantage. 


Let the Steam be 
Hopped at 


Its Performance 
i* muliipled 

*•7 
2.1 
2.4 
2.6 
2.8 
3 ° 

3-2 


The advantages of the expanfive method of working an 
engine are more fully obtained, when fteam of an elaltic 
preflure confiderably greater than the atmofphere is em- 
ployed. The fecond table of expanfion (hews, that the 
increafe of the force of ilcam, heated much above the boil- 
ing point, is very great by a fmail increafe of heat. For 
inftatice, at 212 0 , the fteam is equal to the atmoiphere : 
by only iucreafing the heat 40°, viz. to about 252 0 , we 
obtain a double preflure, or two atmofpheres ; and the far- 
ther increafe of 30°, viz. to about 282°, makes an addi- 
tional force, which renders it equal to three atmofpheres. 
Again, 24 0 higher, or about 306°, makes, the ftcain equal 
to four atmofpheres ; and if it were practicable to go much 
farther, probably the fame law would hold. Now it fol- 
lows as a confequcnce, that if fuch fmali acceflions of heat 
produce fo rapid an increafe of the expanfive force, fmail 
attractions of heat from highly elaftic fteam will alfo re- 
duce its eiafticity in an equal degree, fo that fteam highly 
heated is more readily diminifhed in bulk by the application 
of cold than weaker fteam ; that is, it can be more readily 
reduced in its preffure to any certain proportion of the pref- 
fure it had before. But if we would take away all its 
preflure, and leave a vacuum, we mult apply a fufficicncy 
of cold water to take away all its heat, which is greater 
than weaker fteam, though not in direct proportion to its 
elaltic force. 

Mr. Watt’s firft fpecification (1769) deferibes the method 
of working by cooling or reducing the force of the fteam, 
without wholly condenfing it ; but it has always been found 
mod advantageous to condenfe effe&ually, even though the 
power neceflary to draw out the inject ion- water from the 
condenfer is confiderable: the engine, in confequence of 
the greater perfection of the vacuum, is well able to afford 
this deduction. The mod advantageous application of 
highly heated fteam is on Mr. Watt’s principle of admitting 
it in its full power, for a fmail portion of the defcent of the 
pifton $ and then {hutting off the fupply, the remainder of 
the aCtion is effected by tne expanfive force of that portion 
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of fteam already admitted. But to obtain the full advan- 
tage of the varying forces, it is neceflary to have fonte con- 
trivance, by which the effeCt of the engine, on the work 
which it is performing, (hall be uniform, or nearly fo. 
Mr. Watt’s fpecification of 1782 contains a great number 
of different methods : firft, by chains a&ing upon fpirals, 
on the principle of the fufee ; fecondly, by levers aCting un- 
equally upon each other; thirdly, by a large weight at- 
tached to the working-beam, at a confiderable height above 
the centre of motion. When the pifton begins its defcent, this 
weight will oppofe itfelf to the motion of the pifton, until the 
defcent of the latter has inclined the beam fo much, that 
the centre of gravity of the weight is perpendicularly over 
the centre of motion of the beam : the weight has then 
no effed on the engine ; but after it has palled this 
pofition, it mull evidently tend to aid the effort of the 
pifton to draw up the load of water in the pumps. And it 
is poflible fo to adjuft the weight in its pofition, quantity, 
and height above the centre of the beam, that it will very 
nearly equalize the diminifliing force of the pifton ; but this 
muft be when the fteam is always ftopped at the fame pro- 
portion of the total defcent. 

Fourthly : Another method, which is very ingenious, is to 
have two large cylinders or pumps, open at top and bottom, 
and each furniflied with a pifton without valves. The pif- 
tons of the two are fufpeiided from the oppofite ends of the 
beam, fo that the defcent of one will produce the afeent 
of the other. The cylinders are filled with water, which is 
conduded by a large trough from the top of one cylinder to 
the top of the other, fo that the water is alternately tranf- 
ferred from one to the other. Suppofe each pifton at the 
middle of its refpedive cylinder, the water will be equally 
divided between them upon their piitons, and will hang in 
equilibrio on the beam ; but fuppofe one end of the beam 
depreffed, the pifton fufpended from the oppofite end will 
rile and raife up part of the water, which relts upon it, 
into the trough, by which it will run into the oppofite 
cylinder ; and as the correfponding defcent of that pifton 
has made room for it, the water becomes unequally divided. 
When one pifton is at the top of its cylinder, the other 
will be at the bottom, and have the whole of the water 
refting upon it. Suppofe this pifton to be that one which 
is at the outer end of the beam, the fteam-pifton will be at 
the top of the cylinder ; then if fteam be admitted, it 
will prefs down the fteam-pifton, and draw up the water in 
the cylinder at the outer end of the beam. The weight of 
this water oppofes the motion of the fteam-pifton, becaufe 
the whole of the water in the water-cylinder muft be lifted ; 
but by the time the fteam-pifton has defended one-third or 
one-fourth, and the fteam is {hut off, the preflure on the 
ileam-pifton begins to diminifh. The weight of the water 
on the water-pitton has diminiflied alio, becaufe part of the 
water in it has run off by the trough, and entered into the 
oppofite cylinder, where its weight upon the water-pifton 
tends to aid the fteam-pifton in defending ; and this aid 
continues to increafe as the fteam-pifton defends farther, by 
the water being regularly transferred from the afeending to 
the defending water-pifton ; until the whole of it refts upon 
that pifton which is at the bottom of its ftroke. It is evi- 
dent that the fame adion muft take place in returning, and 
therefore this contrivance is only applicable to a double 
ading engine, and fuch engines are not commonly ufed for 
pumping water. 

The application of any of thefe ingenious contrivances 
to the vaft engines employed in pumping would be at* 
tended with great difficulties ; and if attempted to be ufed 
to equalize the adion of the expanfive principle, when ap- 
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plied to its fulled extent, would, we think, be impra&icable : 
we mean, when fleam of great elaftic preflure is employed, 
and when the ftoppage of the fupply is made to take place 
at a very fmall portion of the defcent. In this cafe, the 
it rain upon the centres of the fnails or levers, fufficiently 
oblique to equalize the action, would be beyond all bounds. 
Lord Stanhope has applied the principle of Mr. Watt’3 
levers, in the molt judicious manner, to the printing-prefs. 
(See Printing.) But in fo fmall a machine, worked 
only by the itrength of one man, the llrong calt-iron frame 
of the prefs has been frequently broken. 

We fuppofe it is for fuch reafons, that Me lira. Boul- 
ton and Watt have not, that we know of, applied thele 
contrivances to any of their engines, but have contented 
themfelves with employing fleam a little more than the 
preflure of the atmofphere, and (lopping the lupply at one- 
fourth or one-third of the defcent, according to the cir- 
cumflances under which the engine works. In this cafe, 
the decreafing preflure in a large engine is not much greater 
than to counteract the acceleration, and aided by the mo- 
mentum of the heavy working beam, pump-rods, and 
riling column of water, produces nearly uniform motion. 

Mr. Hornblower, about 1781, had a patent for a method 
of applying the expanfive principle of Mr. Watt in two fuc- 
ceflive cylinders in fuch a manner, as to approach more nearly 
to an equality of force, by which fleam of great preflure can 
be employed to ad by its expanfion. This kind of engine, of 
which a defeription is to be found in Mr. Watt’s fpecilica- 
tion of 1782, has fince been brought to a great degree of 
perfedion by Mr. Woolf, as we mall notice. 

Defeription of Mtffrs. IV alt and Boulton's complete Single 
Engine. — Plate III. Jig. 1. is taken from the engine at 
Chelfea water-works, for pumping water for the (upply 
of London : it was ereded in 1 804, and is eftimated at 
fifty hories’ power. — We have hitherto conlidered Mr. 
Watt’s engine as being fitted up with the great wooden 
beam, and arch-heads, chains, and pumps, the fame as the 
old engine. This was the form of the engine for fome years ; 
but fince 1784, when Mr. Watt invented the parallel mo- 
tion for his double ading engine for turning mills, that 
ingenious contrivance has been applied to tne pumping 
engines, inftead of the arch-head and chains, as being more 
corred in its adiou. Alfo, for about fifteeu years pall, 
they have employed caft-iron working beams inftead of wood. 
ABC is the beam, which is made of caft-iron inftead of 
wood, and is compofed of two large plates, of the fhape 
reprefented in the figure, put together at twelve inches dif- 
tance from each other, leaving a fpace between them, the 
centre or axis B palling through the middle of both plate*. 
The axis lies on the floor D, whicli is fuftained by the wall 
E, built beneath the centre. Q is the cylinder, contained 
within a (team-jacket, compofed of fegments ferewed to- 
gether. F F is the fleam-pipe coming from the boiler G. a b 
is the pifton-rod, conneded with the end, C, of the beam by 
links C, b ; and whilft the upper ends of thefe links move 
in the arc of a circle, with the end of the beam, the lower 
ends, b , are made to accommodate themfelves to the vertical 
motion of the pillon-rod a, by means of the rods, c, ex- 
tending to the fmallcr links, d 9 which form a parallelogram. 
The motion of the parallelogram is governed by the bridle- 
rods, which move about a fixed centre m. The adion of 
this contrivance is fully explained under the article Parallel 
Motion ; and it is enough for our prefent purpofe to un- 
derftand, that the lower ends, b 9 of the links, b, C, will 
afeend and defeend in a perpendicular right line. A fimilur 
motion, but of half the quantity, is given to the rod, R, 
which works the air-pump, N, of the engine at the lower 


STEAM ENGINE 

end, and the middle part of the rod has the plug-beam, 
R, attached to it, which has pins, or chocks, ferewed on 
it to aduate the handles, y, and z , of the mechanifm for 
the valves, which mechanifm is very different from that 
employed in the old engines, and even from that of the firft 
engines of Mr. Watt. But to deferibe all the varieties 
which have been adopted, would occupy a volume, and 
afford information of but little value. 

The pump-rod, />, 19 fufpended at the end, A, of the beam 
by another parallel motion, and the upper part, S, of the rod 
is made of caft-iron, and very maffive, to have a fufficient 
weight in itfelf to draw' up the pifton, and make the re- 
turning ftroke. The real pump-rod, a, is jointed to the 
heavy counter-weight S, and is polilhcd, like the pifton-rod 
<j, that it may Hide through a collar of leathers in the head 
of the pump Y, becaufe the pump is of that kind called 
lifting force-pumps ; its bucket raifes the water in amend- 
ing, but it forces it through the air-veflel T, and pipe X, 
which leads to a refervoir two miles diftant, in Hyde Park, 
and elevated 150 feet above the level of the water in the 
well where the pump draws from. This well has a commu- 
nication with the river. 

The cylinder, Q, is kept down by the weight of a pier 
of mafonry, on which it is placed, and large iron bolts, «, 
defeend from the lower flanch to the groundfills, upon 
which the mafonry is built. Immediately before the pier 
is the condenfing ciftern, M, which contains the air-pump 
N, the condenfer L, partly concealed, and hot-well g, and 
is kept fupplied with cold water by the cold-water pump I, 
worked by the beam at the outer end, and the wafte runs 
off again into the well, fo as to keep the water in the 
ciftern always cold. 

The valves, which muft be opened and (hut to produce 
the atfion of the engine, are four in number ; viz. the 
upper fleam-valve at F, the lower fteam-valve O, and the 
exhauftion-valve K, Jig. 2, and a fmall valve /, beneath 
the water in the ciftern M, to admit the inje&ion into the 
condenfer : but thefe parts are better explained in Jig. 2, 
which is a fe&ion of the cylinder, air-pump, and condenfer 
on a double feale. 

A, the fe&ion of the cylinder, in which the pifton, X, 
moves ; F, the fteam-pipe coming from the boiler ; L, the 
condenfer ; N, the air or difeharging-pump ; m, a paffage or 
pipe from the pump L, to the condenfer N, in which paf- 
fage is an occafional communication by a hanging-valve at m, 
which (huts towards the condenfer ; / is the inje&ion-valve, 
to be lifted by the engine at every ftroke, for the purpofe 
of condenfing the (team in the condenfer L ; w is the 
fnifting or blowing-valve, placed outfide the condenfing 
ciflern (of which M M is a fe&ion, on purpofe to (hew the 
contents) ; the fnifting-valvc, communicates with the 
condenfer by a pipe palling through the fide of the ciftern 
M, and is inferted at the fide of the condenfer ; K is the 
exhauftion-valve, to be lifted by the engine, and open a 
communication between the cylinder A and the condenfer L 5 
O is the fteam-valve, to be lifted by the engine, and open 
a communication between the lower part of the cylinder, 
and upper part thereof, through the ileam-pipc r j and F 
is the upper fteam-valve of the lame kind, opening a paffage 
from the boiler to the top of the cylinder ; and thence by 
the pipe r, and valves O, K, to all parts of the engine. 

We muft now attend to the mechanifm by which the 
engine is made to feed itfelf, and perform its reciprocations. 
The valves are lifted by means of a lever applied to each, within 
the iron box in which it is contained, entering into an open- 
ing in the ftem of the valve ; and a fecond lever is fixed on the 
axis of the lever, on the outfide of the box, to be connected 
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with the levers and handles x 9 y 9 ft, which open and (hut 
the valves. There are three feparate axles, or fpindles, 
laced parallel and above one another, and each has a 
andle or fpanner x,y, ft, by which it is moved, either by the 
hand, to ftart the engine, or by the chocks on the plug-beam 
R, when the engine is in a&ion. The two upper fpindles, 
x and v, have fliort levers projc&ing from them towards 
the cylinder ; and from each of theie levers a rod is fuf- 
pended, with a fufficient weight, 0, at the lower end to turn 
round the fpindle, each upon its axis, in that direction 
which will caufe the handles, x and y, to fly upwards. 
Alfo the lower fpindle has a lever projecting from it, away 
from the cylinder, with a heavy weight, n, fixed at the end ; 
but this being applied, on the oppofite fide, to the weights 
of the two upper handles x, y, the weight, n , canfes the 
handle, % , to defeend. Both the axles of the lower handles, 
y, z 9 have fmall levers, or catches, 1 and 2, which a& in the 
hooks of a double latch, or detent, t u, which is moveable 
upon a centre-pin fituated between the two axles. The 
hooks of this detent are to detain the catches of the 
fpindles, and prevent the handles, y, z, from moving by the 
a&ion of their refpe&ive weights, until the detent is 
moved on its centre, fo as to relieve the catches of the 
levers from its hooks /, v. But it is evident, from Jig. A, 
that when only one catch, as 2, is hooked by the lower 
hook, v, of the detent, and confequently the weight of its 
fpindle is held up, if the other catch, 1, is moved by de- 
prefiing its handle, y, (o as to raife its weight in the a & of 
entering the hook, (, of the detent, it will prefs the end, /, 
of the detent forwards upon its centre, and this at the 
fame time prefling back the hook, v , at the oppofite end 
of the detent, releafes the catch, 2, of the lower handle, z, 
therefrom, and the weight, n , on that ipindle immediately 
falls. 

The fpindle of the upper handle, x , i 9 devoted to opening 
and (hutting the upper (team- valve F, having a lever which 
communicates by a rod, 2, with the lever, 3, of that valve ; 
fo that by prefling down the handle x 9 it will (hut the valve 
F. The weight 0, which is applied to the upper fpindle, 
tends to lift up the handle x f and open the valye F ; and 
when the upper handle, x> is deprefled, the valve will be 
(hut ; or when the handle is fuffered to fly up by the a&ion 
of its weight, it will open the valve. 

The fecond fpindle, y, has a lever communicating with 
the lever of the exhaufting-valve K, by a rod 4. The 
weight 0, applied to this like the former, tends to lift 
up the handle y, and draw open the valve ; but when the 
handle, y, is deprefled, the valve 19 (hut, and in this pofition 
the catch, 1, is held down by the hook, /, of the detent 
before explained, and retains the valve (hut, 

LalUy, the lower fpindle, z , is for the lower (team-valve O, 
which is opened by the rod 14, when the handle, z, is fuffered 
to fall down, and (hut when the fame is up, being held by 
the catch 2, and hook v, In all thefe the weight tends to 
open the valve ; but when the valve is to be kept (hut, the 
detent holds the weight up. Now, by removing the 
detent, the weight falls and opens the valve in an inftant. 

The upper fpindle has no detent to detain it ; but what 
is equivalent is a rod, 5, jointed to that lever of the middle 
axis which has its weight and rod, 0, fufpended from it. 
The upper end of the rod, 5, is made with a loop, or long 
(lit, in which works a pin at the end of a lever, 6, proje&- 
ing from the upper axis towards the cylinder. The confe- 
quence of this is, that while the middle axis is detained by 
its catch, and detent /, to keep the exhaufting-valve, K, 
(hut ; the lever, 6, of the upper fpindle will be borne up 
J>y its pin refting in the bottom of the loop of the rod, 5, 
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fo as to keep the weight from opening the upper (team-valve 
F, as long as the exhaufting-valve is kept (hut ; but when 
the catch, 1 /, of the middle axis is difeharged, and its 
weight has opened the exhaufting-valve, the looped rod, 5, 
will no longer fupport the lever, 6, of the upper axis, but 
allows its weight to defeend and open the upper ftcam-valve : 
but at the fame time the upper (team-valve, F, is not con- 
fined to be always open when the exhaufting-valve, K, is 
open ; for the upper (team- valve n ay be (hut by deprefling 
the upper handle x f without affe&ing the exhaufting-valve 
at all, bccaufe the (lit, or loop, in the top of the rod, 5, 
allows that motion. This property mud be attended to, 
bccaufe the a&ion of the engine, by expanfion, depends 
upon it. We have not before noticed the mje& ion-valve, 
from which a long wire al'cends, and is attached to a (trap, 
9, which winds upon the middle axis ; therefore, when the 
middle handle, y, flies up by its weight, it winds the (trap, 
and opens the inje&ion-valve at the (ame inftant that the ex- 
hauftirig-valve is opened. 

The inje&ion-valve, /, is placed to clofe the orifice at the 
end of a (hort curved pipe, which enters into the condenfer and 
turns np ; and the pipe has a cock in it, between the valve 
and the condenfer, to cut off the communication, or to re- 
gulate the fupply of inje&ion when the valve is opened. 
This cock muit be always (hut when the engine is not at 
work, to prevent the condenfer filling with water. 

Operation of the Engine. — Wc will now confider the a&ion 
of the engine. Suppole the fire lighted beneath the boiler 
G ; all the valves are kept (hut by prefiing down the two 
upper handles x and y, and lifting up the lower one, their 
refpe&ive catches detaining them in thofe pofitions, until 
the (team is fufficiently heated, and the engine is ready to 
work. Tn the quielcent pofition of the engine, when it is 
at reft, the counter-weight always draws the piilon fully 
at the top of its cylinder, as in the figure ; the air-pump 
bucket will alfo be at the top of its barrel. 

In order to prepare for letting the engine to work, all the 
three valves mult be opened at once. This i9 done by 
relieving the fpindles from their feveral catches, when the 
weights immediately open the valves. The (team enters 
through the valve F, into the top of the cylinder, and 
by the pipe r, through the lower fleam- valve, O, into 
the bottom of the cylinder; alfo through the exhaufting- 
valve K, into the condenfer L, driving before it fome air, 
which paHes out at the fmfting-valve w. At firft, the 
coldnefs of the parts condenfes all the fteam which enters ; 
and it it not until all the iron, with which the fteam 
comes in contact, is heated to the temperature of boiling 
water, that the (team ceafce to flow from the boiler in a 
dream, and be condenfcd as it arrives at the cylinder and 
condeufcf ; but after this, the lleam acquires the fame 
force in the cylinder and pipes that it has in the boiler ; 
it then occupies every cavity and crevice of the engine, 
and in a little while difplaces all the ait in the cylin- 
der, condenfer, and pipes, which palfes out, and is dif- 
eharged at the fnifting-valve w. This valve is always co- 
vered with water in a fmall ciftern attached to the fide of the 
large one, to enfure its tightnefs. Through this valve the air 
is difeharged by the fteam, not at every ftrokc, as in New- 
comen's engine, but only at firft Petting the engine to work, 
and this operation is called the blowing through . It is well 
known when the cylinder and other vefiela are properly 
heated, and the air difeharged, by a very fmart crackling 
noife at that valve, like a violent decrepitation of fait in 
the fire ; this noile being occafioned by the water in the 
(mall ciftern producing* a fudden and rapid condensation of 
the iffuing fteam when the air is all gone. 
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It being known by this fign that all part* of the engine 
are cleared of air, all the three valves are to be (hut, by 
prefling and holding down the two upper handles *,y, and 
lifting up the lower handle z, in which fituation its catch, 2, 
will retain it. This cits off the farther fupply of fleam 
from the boiler, and alfo intercepts the paflage of the fleam 
from the cylinder to the condenfer ; and as the cold furface 
of the condenfer (till continues to condenfo a confidcrable 
portion of fleam, there will foon be none left, and a vacuum 
will be formed in the condenfer, while the cylinder both 
above and below the pifton is full of fleam. The vacuum in 
the condenfer will foon become perfect from the external cold 
alone, though more (lowly than when an injeftion is made. 

In this flate the engine is prepared for ftarting at a mo- 
ment’s notice, by the engine-man letting the two upper 
handles, x and y, rife up, by their refpeftlve weights : this 
opens the upper fteam-valve, and the exhaulling and injeftion- 
valves ; the former admits the fleam into the top of the cy- 
linder, to prefs upon the piflon ; while the latter allows the 
fleam, already in the lower part of the cylinder, to flow into 
the vacuous condenfer; and at the fame in ft ant that he opens 
the injeft ion-cock, the valve is lifted at the fame time with the 
exhaufting-valve : this admits a jet of cold water into the 
condenfer, and condenfcs the fleam as fail as it arrives from 
the cylinder, fo that in an inftant all the fleam in the lower 
part of the cylinder will be drawn off and condenfed. The 
preflure of the (learn on the pifton being now unbalanced 
by any thing beneath the piflon, it defeends and draws up 
the pump-buckets, and columns of water in the pumps, with 
a velocity proportioned to the preflure of the fleam, and the 
diameter of the pifton, compared with the height of the 
column of water in the pumps, and the diameter of the 
bucket : but the pifton having defeended about one-third of 
its ftroke, a chock of the plug-frame, R, meets the upper 
handle *•, and prefling it down, (huts off the (team from the 
boiler. That part of the handle on which the chock afts be- 
comes perpendicular when the valve is (hut, the handle being 
bent for that purpofe ; and the chock can therefore delcend 
farther, and Aide againft the perpendicular part of the handle, 
which is ftraight, without producing any farther depreflion of 
the handle, at the fame time that it keeps it down to the fame 
point, fo as to hold the valve (hut. The pifton, therefore, con- 
tinues its defeent by the farther expanfion cf the quantity of 
fleam at firil let into the cylinder ; but having arrived at the 
bottom of its ftroke, a chock on the oppofite fide of the plug- 
beam, R, feizes the middle handle, y, and prefles it down, 
which puihes the rod, 4, until it flints the exhaufting-valve K, 
and alfo (huts the injeftion-valve by the ftrap and rod 9. When 
the catch, 1, of this handle, y, preffes on the upper hook, t 9 of 
the detent tv f it relieves the catch, 2, of the lower axle z , 
and then the weight, n 9 caufes the handle, 23, to fall, and pul- 
ling the rod 14, opens the lower ftcam-valve O. Let us now 
confider the pofltion of the engine; the middle handle, y, will 
be held down by its catch, 1, holding in the upper hook, /, 
of the detent, fo as to keep the exhaufting-valve, K, (hut; 
and the upper fleam-valve, F, is alfo kept (hut, by the fame 
means which kept it (hut during the latter two-thirds of the 
defeent of the piflon. 

Under thefe circwmflanccs the piflon is at liberty to rife 
by the aftion of the counter-weight S, becaufe the opening 
of the lower fleam- valve, O, has eftabhflied a free communi- 
cation between the top and bottom of the cylinder, and the 
fleam in the top of the cylinder can flow through the pipe 
r , and enter the bottom of the cylinder, as fait as the pifton 
rife*, by the aftion of the counter- weight. 

When the pifton has returned to within one-third of the 
top of the cylinder, the chock of the plug-trame quit* the up* 
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per handle x 5 but this handle cannot yet be thrown up by it* 
weight to open the upper valve, becaufe the rod, 5, from 
the lever of the middle axis bears up the {hort lever, 6, of 
the upper axis x ; and thus the motion continues, till the 
pifton arrives very nearly at the top of the cylinder : a chock 
on the plug-frame then feizes the lower handle », and lifting it 
up, (huts the low er fttam-valve ; and th« catch, 2, of the lower 
axis pafling the lower hook, v, of the detent, moves it on its 
centre, fo as to releafe the catch, 1, of the middle axis from 
the upper hook, /, of the detent. This being the cafe, the 
weight of the middle axis caufes its handle, y, to fly up, and 
by tlie rod, 4, it opens the exhaufting-valve; and by drawing 
the ltrap and rod, 9, it opens the injeftion-valve ; at the fame 
time the upper axis, x , lofing the fupport of the rod 5, which 
kept it up, its weight carries up the upper handle x , and 
by pulling the rod, 2, it opens the upper fteam-valve F. 

The (team from the boiler is now admitted to prefs upon 
the upper furface of the pifton, while the (team from the 
lower part of the cylinder beneath the pifton rufties into the 
condenfer, where being met by the cold injeftion, it is con- 
denied, and makes a vacuum in the lower part of the cylin- 
der, which brings down the pifton to make another ftroke. 

At one-third of the defeent, the plug-frame, as before, 
preffes and holds down the upper handle x , to keep the 
upper fteam-valve (hut; and when the pifton has arrived 
at the bottom, the plug-frame preflesi down the middle handle 
y, to (hut the injection and the exhaufting-valves ; and in 
catching, this difeharges the lower axis, and the weight 
thereof opens the lower ltearn-valve. The pifton then riles 
by the counter-weight, and when at the top of its ftroke, 
the plug-frame lifts the lower handle z, and ftiuts the lower 
fteam-valve ; and in catching, difeharges the two other handles, 
which open the upper fteam-valve, the exhaufting-valve, and 
the injeftion-valve, and this produces the defeent of the 
pifton, as before. 

If the air has been fully difeharged from all parts 
of the engine by blowing through, the aftion of the air- 
pump docs not begin until the injeftion-water and the air, 
which are extricated from the water in the boiling, have 
accumulated in fomc quantity in the condenfer; then at every 
defeent of the bucket, d, of the air-pump, it dips into the 
water contained in the bottom of the barrel N, and the water 
pafles through the valves in the bucket : thefe valves (hut 
when the bucket is drawn up, lifting all that water which ir 
above them up to the top of the barrel, and there it is forced 
out through the hanging-valve into the hot-well g* The 
drawing up of the bucket at the lame time makes a vacuum 
in the pump-barrel beneath it ; and if this vacuum is more per- 
feft than that in the condenfer, which it will be, if the condenfer 
contains either air or fteam, it will prefs by its elafticity 
upon the furface c#f the water in the lower part of the con- 
donfe r , and force it through the hanging-valve at m, into 
the lower part of the barrel, N, of the air-pump ; and when 
all the water is gone from the condenfer, the air or elaftic 
vapour which is in the condenfer will follow and enter into 
the pump, until the (pace of the barrel beneath the bucket 
is filled equally with the condenfer. 

This takes place while the pump-bucket is at the top os 
its barrel ; and on the defeent of the bucket, the lpace be- 
neath it is diminifhed, until it comprefles this rarefied vapour 
fo much, that its elafticity will be fufficient to clofe the hang- 
ing-valve m , and to lift the valves in the bucket d, and palo 
through them into the fpace of the barrel above the bucket : 
and when the bucket has defeended to the very lowcft, the 
water contained in the bottom of the barrel, not being able 
to efcape through m , mult pafs up through the valves, and 
reft upon the bucket */. When the bucket afeends, it carries 
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before it this water and air, and aa it rifes the fpace of the bar- 
rel above the bucket diminifhes, and the rare vapour or air in 
it condcnfcsby being crowded into lefs fpace, until at laft it 
becomes equally denfe with the atmofpheric air, and then the 
water following it, drives it through the valve, g t into the 
open air. 

The afeent of the bucket, </, left a vacuum beneath it, as 
before, and this drew a portion of the air or vapour from 
the condenfer into it, ready to be extra&ed by the next 
flroke. As foon as the bucket begins to return, the dif- 
charge-valve, g y fhuts, and prevents the atmofpheric air from 
entering into the pump. By this we fee, that if the vapour 
in the condenfer is fo rare that the whole contents of the 
barrel of the pump will only make a few cubic inches, when 
reduced to become equal to the preffure of the atmofphcre, 
this fmall quantity will be effcdually evacuated through the 
difcharge-valve g, becaufe the water ielting upon the bucket 
follows the air, and will chafe every particle of it from the 
top of the pump, and then follow itfelf. 

The air-pump of Mr. Watt’s engine requires to be of 
large dimenfiona, and the condenfer is generally of the fame 
fize, by which means the rarefaCiion of any elaftic vapour 
contained in the condenfer will be equal to half at every 
llroke; that is, the air-pump will extra& half the quan- 
tity of the elaflic vapour every time ; becaufe, fuppofing the 
vacuous fpace which the bucket of the pump leaves beneath 
it, when it is drawn up, to be equal to the capacity of the 
condenfer, then the vapour in the condenfer mult expand 
itfelf to fill a double fpace, by which one half of it will 
enter into the pump, and be drawn out by the fucceeding 
Itroke, while the other half will remain in the condenfer. 

The cylinder at Chelfea is four feet diameter, and eight 
feet flroke, and the air-pump two feet diameter, and four 
feet flroke : thus, their areas rcfpettively arc as one to four, 
and their capacities as one to eight. But it mud not be con- 
fidered that thi6 large pump, full of air, is to be drawn out 
of the condenfer at every flroke ; for, as we have dated be- 
fore, the vapour with which it is filled reduces itfelf to a 
fmall quantity before it comes to the denfity of atmofpheric 
air. At fiili fight we fhould be led to conclude, that the 
pump ad e ds the power of the engine, as a deduction, of as 
much power as the preffure of the air upon the ftirface of 
its bucket; but if we confider its conib u&ion, leaving a 
valve at g to keep off the prellure of the atmofphere, it is 
certain its bucket can have little weight upon the engine, 
until the bucket is near the highed limits of the flroke; and 
taking the film of the refill ante, from the commencement of 
the llroke to its termination, it will be found to be very little 
in companion with the power of the cylinder. 

An air-pump of one-eighth the capacity of the cylinder 
is fulficient to keep the condenfer empty when it is a fingle 
engine. If a fmaller air-pump were employed, it mud be in 
a&ion to lift nut the air and water, fora greater portion of 
its llroke. 

Iii fad, whatever the fize of the air-pump may be, it 
will occafion little more refiftance to the engine than from 
the friction of its bucket, except during the time that it has 
adudly opened the valv< , g, to difeharge the air or water 
which it contains: before that period, the refinance is only 
that of compr-e fling the vapour, an operation which begins at 
nothing, but inercafis by an afeending proportion reverfe to 
that of the decreafe of the preffure of the fleam, when ading 
in the cylinder by expanfion, as we have before explained. 

I* Mr. Watt’s cariy engines, the air-pump and condenfing 
eiftern were placed at the outer end of the beam ; and there 
are fome reafons to prefer that mode of conflrudion, where 
the building will admit of it. In this cafe, the pump-bucket 
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being drawn up by the defeent of the pifton, the engine re- 
quires a lefs counter-weight than in the form juft deferibed, 
in which the air-pump mull be wholly worked by the coun- 
ter-weight. Alfo, it is during the defeent of the pifton that 
the adion of the air-pump is moft ncccflary ; and it is poflible 
that an engine, having the pump worked by the outer end 
of the beam, may make a better vacuum than when it is 
worked by the inner end, becaufe there may be fome, 
though a very flight impulfe given to the remaining air of 
the lad llroke, by the rufh of iteam into the condenfer 
at the inflant the fleam-pifton begins to defeend, and 
the air-pump to rile ; for no fooner is the cxhaufliiig-valve 
opened, than the fleam rufhes towards the condenfer, and 
giving a momentary tendency to a plenum therein, may give 
a pufh to the air through the hanging-valve, between the 
pump and the condenfer ; and hence it is reafonable to con- 
clude, that more air will enter the pump by this means, than 
if it were left to its own expanfion. 

It is neccffary that the parts appropriated to the condenfa- 
tion of fleam fhould be kept as cold as poflible, and thofe 
intended for the operation, or paffage of the fleam, as hot 
as poflible ; hence the air or difeharging pump and con- 
denfer are placed in the ciflern of cold water, which is kept 
conflantly full by the cold-water pump, and a little running 
away into the well, to carry off the excels of heat ; and if 
the injection-valve is placed low in this ciflern, it will take 
the water in the coldeit flate. The inje&ion-valve and cock 
are feen in^. 2 . 

As the condenfing apparatus is immerfed in water, to be 
kept cold, fo the cylinder fhould, if poflible, be immerfed in 
fleam, to be kept hot ; for which purpofe, Mr. Watt from 
the firlt ufed a cafing or jacket round the cylinder, and alfo 
at the top and bottom : this was attended with very bene- 
ficial effects, although it enlarged the fleam furface, and cx~ 
pofed the external jacket to a more rapid condenfation than 
would have taken place from the furface of the cylinder it- 
felf. But to have the vacuum as pcrftCl as poflible, it is nc- 
ccffary that the cylinder be kept up to fuch a temperature, 
as to prevent the leall condenfation of the fleam upon the 
internal furface, either above or below the pifton ; becaufe, 
if the lides of the cylinder were to be wet, as in the com- 
mon atmofpherical engine, the vacuum would be vitiated, as 
there would be occasioned by this wetnefs a moifturc gra- 
dually forming to fleam, which the out fide cafing prevents, 
when filled with fleam from the boiler, and the heat which 
efcapes from the furface of the jacket does not irjurc the 
operation of the engine ; but if it were poflible to cover this 
outward cafe again with any fort of fubftance which would 
entirely prevent the tranfmiflion of heat from the cafing, it 
would fuperfede the ufc of the jacket altogether, and would 
apply with more advantage to the cylinder itfelf ; but we do 
not know of any fubftance which will not admit this tranf- 
miflion more or lefs. Some of Meflrs. Watt and Boulton’s 
belt engines we have feen furrounded by a cafe of polifhed 
copper, we believe out fide of the jacket. 

In fmall engines, it is common to place the cylinder within 
the boiler, and it mull then be kept fully as hot as the fleam 
which enters it ; but this is not practicable in a large engine, 
nor is it advifable in any cafe, becaufe the frequent repairs 
which the boiler requires muit derange all parts of the 
engine. 

When the jacket is ufed, a fmall copper pipe is conducted 
from the fleam-pipe to keep it full. As the jacket of a 
large cylinder rnuft be expofed to be heated or cooled lefs 
than the metal cylinder to which it is attached, the un- 
equal expanfion might break the joints ; to avoid this, the 
jacket is made in two halves, put together in the middle of 
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the length, without any other attachment than that of en- 
tering into each other for three or four inches, with a cup 
which is packed with hemp and tallow. The fteam-pipe has 
a fimilar joint at h , fig * which unites it to the box of the 
exhaufting-valve K, and will admit of drawing out a little. 

Defcription of other Parts of Mr* IV att's Engine. — In the 
drawing (Jig* i.) in our plate, the condenfer is reprefented 
at one fide of the air-pump, in which fituation it partly con- 
ceals the pump. In Jig. 2* they are put into a different po- 
sition for explanation, the condenfer being reprefented be- 
neath the cylinder. The edu&ion-pipe is carried Tideways 
from the box in which the edu&ion-valve is fituated, fo that 
the condenfer can be placed in any fituation which is con- 
venient. 

13, 13, are the catch-pins, which are firmly fixed to each 
end of "the beam, and limit the motion of the engine by 
coming down to llrtkc upon the beam9 of the floor D, if 
the engine makes too long a llroke ; and pieces of cork are 
laid on the floor to foften the blow with which it would 
©therwife ffnke. It once happened to this engine, that the 
valve of the pump-bucket breaking, the engine fuddenly 
loft its load, or reliftance, which occafioiied the pilton to 
defeend, and ftrike on the fpring-beams, or floor D, for two 
or three fuccelfivc ftrokes, with luch violence as to break 
one of the beams; and at lait the pilton ftriking the bottom 
of the cylinder, the momentum of the beam forced down 
upon the rod lo violently, as to bend the great pifton-rod 
quite crooked. To prevent fimilar accidents, a fmaller 
li.«am-pipe was added at the fide of the vertical fteam-pipe, 
communicating with the paffage into the bottom of the cy- 
linder : this pipe is kept clofed by a valve; but if the engine 
defeends fo low as to ftrike on the fpring-beam D, the catch- 
pin, 13, of the beam ftrikes a fmall lever 10, and by the 
communication wire, n, opens the valve, and lets the fteam 
into the lower part of the cylinder, beneath the pilton, and 
this deftroys the vacuum, fo as to prevent the farther defeeut 
of the pilton. 

There is alfo a fmall fpring-catch or detent, which tends 
to fpring under the lever of the upper Iteam-valve, and pre- 
vent it from defeending. This catch is held back by a 
fecond catch, which is relieved when the catch-pin itrikes 
the lever 10, and then the firft-inentioned detent, by retain- 
ing the fteam ; valve from being opened, prevents any danger 
of the engine making a repetition of the llroke while it has 
no load. 

Boiler. — The boiler of the engine we have not mentioned 
before; it is fet in a furnace, fo as to receive the heat of the 
fire, and the flame paffes through a long flue, which goes 
twice round the bottom part of the boiler, to give as much 
as poffible of its heat tc the water before it enters into the 
chimney. The fteam-pipe, F, has a throttle-valve in it at 
30, which regulates the fupply of Iteam to the cylinder. 
This valve is not a conical fpiodle-valve, the fame as the 
other valves of the engine, but is a circular plate of metal, 
made to fit the bore of the pipe, and is moveable upon an 
axis, which paffes diametrically acrofs the plate; and the end 
of the axis, where it comes to the outfide, has a lever fixed on 
it to communicate motion to the valve, which being turned 
edgeways in the pipe, prefents fcarcely any rr li fiance to the 
paffage of the iteam ; but when turned flat acrofs the pipe, 

ft op 8 its bore ; and although it is not fitted vith any ex- 
traordinary care, it is fufficient to regulate the fleam. This 
kind of throttle-valve is preferable, becaufe it can be moved 
by a very (light force. 

Regulator . — There is a contrivance to regulate the velocity 
of the engine, by a fmall pipe proceeding from the air- 
vcffel of the pump 5 it conveys water to the lower part of a 
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fmall vertical cylinder, into which a pifton is fitted, and 
loaded with a heavy weight ; then if the engine works too 
fait, fo as to force more water into the air-veffel than the 
main pipes, X, will carry off, it mult make a greater preffure 
and condenfation of the air in the air-veflel, until the water 
is forced to run quicker through the main-pipe, and this 
preffure being alfo communicated by the fmall pipe to the 
regulating cylinder before-mentioned, c&ufes its pifton to 
lift the weight and rife up, and this motion is communicated 
by a wire to the throttle-valve, fo as to clofe it and diminifh 
the fupply of fteam ; or, on the other hand, if the engine 
works too flow, the preffure in the air-veffel mult diminifh, 
and then the loaded pifton will fink and open the throttle- 
valve a fmall quantity, to admit more fteam. 

It fliould have been mentioned before, that the weight 
with which the pifton of this regulating cylinder is 
loaded, is fo contrived, that it will increafe in force as the 
pi 11 on alcends, and diminifh as it defeends. There arc 
many ways of doing this, but the one adopted, in this 
cafe, is to load the pifton with a very heavy caft-iron 
chain, fome of the links of which fall upon the ground as it 
defeends, and relieve the pifton from their weight ; but as it 
afeends, it lifts other links off the ground, and becomes 
more loaded, until it finds itfelf a place where the load will 
balance the preflure of the water in the air-veffel. 

It is evident that, by this contrivance, the motion of the 
engine will at all times be fo regulated, as to fupply juft the 
quantity of water defired ; but this quantity can be made 
greater or lels, by applying a greater or lefs weight to the 
pilton, lo that it will fink more or lefs into its cylinder, be- 
fore it will come to an equilibrium with the preflure in the 
air-veffel, and will thus open the throttle-valve more or lefs. 
But when the adjuftment is once made, it will keep the 
engine working with regularity at that velocity. 

In fome of tne lateft engines erected by Mellrs. Watt and 
Boulton, they have, by an ingenious movement, made the 
motion of this regulating pifton communicate with a long 
ferew, attached to the plug-beam, which regulates the 
chock that ihuts the upper fteam-valve at any required por- 
tion of the defeent of the pifton. By this means, although 
the ferew is in conftant motion with the plug-beam, the 
ferew is turned fo as to regulate the chock on the plug, and 
meafure out the quantity of fteam which the engine fhall 
have introduced into the cylinder at each ftroke, to enable 
it to fulfil its talk. 

It is in thefe properties of the engine, by which it 
regulates itfelf, and provides for all its wants, that the 
great beauties of the invention confift. M. Belidor* 
80 years ago, fpeaking of the old engine, fays ; “ It muft 
be acknowledged, that this is the molt wonderful of all 
machines, and that nothing of the works of man approaches 
fo near to animal life. Heat is the principle of its move- 
ment : there is in its tubes a circulation, like that of the 
blood in the veins of animals ; having valves which open and 
fhut 111 proper periods, it feeds itfelf, evacuates fuch por- 
tions of its food as are ufelefs, ai d draws from its own 
labours ail which is neceffary to its own fubfiflence.” To 
purfue the idea, we may now fay of the more perfeft ma- 
chine, that it has what approaches the appetite of animals, 
in taking that kind and quantity of food which its exi- 
gencies require, and in rejecting that which is unneceffary. 
But we muft explain thtfe !clf regulators more fully. 

apparatus conneQcd with the Briler* — In order to know 
the exa& height of the water in the b flier, two gauge-cocks 
are employed, one of which reaches to within a little of the 
height or level at which the water fhould Hand, and another 
reaches a little below that level. If the water ftands at the 
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defired height, the firft-mentioned cock, being opened, will 
give out fteam ; and the other cock will emit water, in con- 
fequence of the preflure of the fuperincumbent fteam on the 
furface of the water. But if water Ihould iffue from both 
cocks, it will be too high in the boiler 5 and if fteam iffues 
from both, it will be too low. This is the fame con- 
trivance which was ufed in Newcomen's engine ; but Mr. 
Watt applied in his firft engines a fmall vertical glafs tube, 
which has a communication with the boiler by a copper 
pipe cemented to each end : one pipe, from the top of the 
glafs tube, enters the boiler above the intended level of 
the water; and the other pipe, from the bottom of the 
glafs tube, enters the boiler below the furface of the water. 
In this way, it is evident that the glafs tube will always be 
filled with water to the fame level as the water in the boiler, 
and may be graduated with inches, to inform the engine- 
man when the boiler requires a fupply. 

Another contrivance is a pipe defeending beneath the 
furface of the water in the boiler, when at its intended level ; 
and in the upper end of the pipe at the top of the houie 
a whittle or mouth-piece is formed : then, if the water in 
the boiler finks too low, the fteam will iffue at the pipe, 
and, palling through the whittle, will make fuch a noife as 
to call the engine-man to his duty, even if he fhould have 
fallen afleep. This contrivance is rendered unneceflary by 
a fubfequent one, by which the boiler will always feed it- 
fclf, exa&ly as faft as its evaporation of fteam requires. 

The boiler is kept conttantly fupplied with water, to 
repair the watte of evaporation, by means of a fmall pump 
20, which draws hot water from the hot-well g, and raifes 
it to fuch a height, that the water will run through a pipe, 
fhewn by the dotted lines, into the cittern 14, placed over 
the top of the boiler, at an elevation of fome feet. From this 
cittern a tube, 18, defeends into the boiler, and terminates 
beneath the furface of the water therein, fo as to feed the 
boiler with water. But as it is necefiary that the water in 
the boiler fhould always be preferved at the fame level, this 
feed-pipe is clofed by a valve in the bottom of the cittern 

14, which prevents the water running down into the boiler, 
until the level of the water fubfidcs, and (hews that it re- 
quires replenifhing. A crooked arm, which is attached 
to the fide of the fmall cittern 14, fupports the fhort lever 

15, 16, which moves upon a ccntre-pin. The extremity, 

16, of this lever lufpends, by means of the wire j 6, a Hone 
or piece of metal, which hangs juft below the furface of the 
water in the boiler. The wire paffes through a fmall 
ttuffmg-box in the top of the boiler, to prevent leakage. 
The other extremity, 1 5;, of the lever is cor.ne&ed by a 
wire with a valve at the bottom of the cittern 14, which 
covers the top of the pipe 18 ; and this end of the lever is 
loaded with a fufficient weight to balance the ttone in the 
boiler. Now it is a maxim in hydrollatics, that when 
heavy body is fufpended in a fluid, it lofes as much of its 
weight as equals that of the quantity of fluid which it dif- 
places. When the water in the boiler, therefore, is di- 
minifhed, by the converfion of part of it into fleam, the 
upper furface of the ttone will be above the fluid, and its 
weight will confequently be increafcd in proportion to the 
quantity of its mafs that is not immerfed. By this addition 
to its weight, the itone will overcome the balance- weight on 
the end, i$, of the lever, caufing the extremity, 16, of the 
lever to defeend ; and in coufequence, by elevating the op- 
pofite arm 15, will open the valve at the top of the pipe 18, 
and thus gradually introduce a quantity of water into the 
hotter equal to that which is carried off by evaporation. 
This procels is continually going on, uhile the water is 
converting into fteam ; and it is evident that too much water 
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can never be introduced, for as foon as the furface of the 
water coincides with the furface of the ftone, it recovers its 
former weight, and the valve at the bottom of the ciftern, 
14, (huts the top of the pipe 18, and prevents any more 
water entering the boiler, until the float or body, 21, de- 
feends by the diminution of the water therein. 

When the engine is flcrddy at work, the ftone fubfides 
until it opens the valve to admit a regular ftream of water, 
which will juft equal the watte by evaporation ; and then the 
operation will go on regularly, without any a&ion of the 
float, until fomething is altered. 

We have before ttated, that the fteam in the boiler is no 
ftronger than the atmofphcre 5 but there would It ill be great 
danger of the boihr's burfling, if the fteam fnould acci- 
dentally become too ftrong : the boiler is, therefore, fur- 
nifhed with a fafety-valvc, which is fo loaded, that its 
weight, added to that of the atmofphere, may exceed the 
preflure of the interior fteam, when of a fufficient flrength. 
As foon as the expanfive force fo far incrcafes as to become 
dangerous to the hotter, its preflure preponderates over the 
preflure of the atmofphcre, and the fafety* valve ici opened, 
when the fteam efenpes from the boiler, till its ftrength 
is fufficiently dimimfhed ; :md the fafcty-Vrtive (huts again, 
by the predominance »>f its preflure over 1 hat of the interior 
fteam. By opening the fafety- valve, the engine may be 
flopped at pleafure : and to effect this, a fmall reflangular 
lever, with equal arms, is fixed upon the fide of the valve, 
and conne&ed with its top. To one of thefe arms a chain 
is atrached, which is conducted into the engine-houfe, and 
paffes over a pulley from a horizontal to a vertical direction, 
fo that it hangs like a hell-pull. By pulling it, the valve 
is opened, and the machine is Hopped. 

There is alfo another valve <>f fafety, for the reverfeof the 
object of the firft-mcntiom d fafcty-valve : it opens internally, 
and is balanced by a fmall lever, and a fufficient weight to 
keep it fhut, until the preflure of the fteam within the boiler 
becomes much lefs than the external air, which then forces 
open the valve, and enters into the boiler, till the equi- 
librium is reftored. It is evident that this valve can never 
be neceffary fo long as the engine is at work ; but its ufe 
is to prevent the fide'? of the boiler being crufhed in by the 
weight of the a>r, when it has done work, and the fteam 
within it cools and condenles. 

Self-afl'tng Hamper. — Bv another ingenious contrivance, the 
boiler is made to regulate the heat of its furnace, in proportion 
to the quantity of Itcam winch the cylinder draws off" from it. 
For this pm pofe, a damper or iron fliding-door is fitted into 
the flue, juft where it enters the chimney; and a chain is 
conduced from it, over pullies, to any convenient iituation, 
where the engme-man can pull it like a bell-pull, to draw 
up or lower down the damper, and by that means regulate 
the draught of air through the furnace, and the heat of the 
boiler. 

To make the damper fclf-regulating, a large pipe of fix 
or eight inches bore is fixed v'*riea!ly through the top of 
the boiler : it is open at top and bottom, but the lower end 
delcends nearly to the bottom of the boiler, fo as to be al- 
ways immerfed beneath the furface of the water. Now the 
fl> am prefiing on the furface of the water in the boiler, and 
the atmofphere prelfing on the furface of the water in the 
open pipe, it is evident that the relative levels of the water 
in both will be at all times in exa& proportion to the relative 
eiafticity of the air and the fteam : and if at any time the 
prrffure of fteam diminifhes, by the heat of the furnace 
growing lefs, or by the engine drawing off more fteam, the 
furface of tfie water in the open pipe will fuhfide ; and a$ 
there is a ftone-float in this pipe, balanced m the fame man- 
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ner at the feeding-float before defcribed, the defcent of the 
ftone is made to operate upon the chain of the damper, and 
draw it up fo as to increafe the draught of the furnace, until, 
by the acceflion of heat, the fleam recovers the intended 
preilurc, and reftores the damper to its place. On the 
other hand, when the preflure of the fleam is on the in- 
creafe, cither from the engine being retarded or flopped, or 
from the furnace burning too fart, the preflure of the fleam 
on the furface of the water in the boiler ra’Tes the water in 
the open pipe ; and the (tone-float, then rifing by its balance- 
weight, elofes the damper, and diminifhes the draught, till 
the (team fubfides to its defired force. By this means, the 
(team is always preferved to the fame intenfity ; a circum- 
flance very neceffary to the regularity of the motion of the 
engine. 

Steam-Gauge* — T o afeertain the preflure of fleam with 
a greater degree of ex a&it tide than by the load on the fur- 
face of the fafety-valve, which is liable to many uncertainties, 
Mr. Watt employs a fleam-gauge, coufifting of an inverted 
fiphon, or bent tube, of glafs or iron ; one leg of which is 
jointed to the fleam-pipe, and the other is open to the at- 
mofphere. A quantity of mercury being poured into 
the tube, it will occupy the bent part which joins the two 
legs ; and the furface of the mercury in one leg being ex- 
pofed to the preffure of the fleam, while the external air 
adls upon the other, it is evident that the difference of level 
of the two furfaccs will exprefs the preffure of the fleam in 
the height of a column of mercury. 

When the tube is of glafs, this difference of level may be 
fecn and meafured on a fcale ; but when an iron tube is ufed, 
a fmall light wooden rod is made to float on the iurfacc of 
the mercury in the open leg, and point out the height on a 
fcale of inches, fixed above the tube. But in this cafe the 
divifions, which are numbered for inches, mu ft be only half 
inches ; becaufe, as the mercury defeends in one leg as much 
as it riles in the other, the fcale reads double, to (hew the 
difference of level. 

Barometer-Gauge. — Mr. Watt has alfo adapted a gauge, 
called a barometer, to indicate the degree of vacuum in Tus 
engines, an addition which is of important confequence to 
the good performance of the engine, to the profit of the 
proprietors, and the credit of the engineer ; yet in many en- 
gines in London, we fee this important inftrument either 
out of repair, or wholly laid afide. 

The form of this barometer can be underftood without a 
figure : it is a tube of glafs 30 inches long, filled with mer- 
cury, and applied to a fcale of inches, the lower end being 
immerfed in a cup, in the fame manner as the common baro- 
meter, or weather-glafs ; it is, in fad, the fame thing as a 
barometer in every refped, except that the vacuum is not 
made in the top of the tube, in the Torricellian manner, 
but by the engine. For this purpofe, a fmall copper tube is 
condu&ed from the condenfer, and cemented to the top of the 
glafs tube, by which means the furface of the mercury in the 
tube is relieved from the preffure of the atmofphere ; and the 
weight of the atmofphere, which preffes upon the furface of 
the mercury in the bafon, will caufe it to mount up in the 
tube to a greater or lefs height, according as the vacuum is 
more or lefs perfect, or as the atmofphere is more or lefs 
heavy ; which will be (hewn by a common barometer placed 
at the fide of the engine barometer. 

The pipe which leads from the condenfer to the top of the 
barometer tube muft be provided with a cock, which (hould 
be (hut when the engine is blowing through, to prevent the 
(team entering the tube, and blowing the mercury out of it s 
but the bafon for the mercury mult be made large enough 
to contain all the mercury, becaufe, when the engine is not 
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at work, the air will leak in, and allow the mercury to de- 
feend into the bafon. 

It has been propofed to make the barometer in the form 
of an inverted fiphon, juft the fame as the common fleam- 
gauge, one leg being made to communicate with the 
condenfer, and the other left open to the air. In this 
way, the rife of the mercury in one leg produces a corre- 
fponding fall of the mercury in the otner ; but on this ac- 
count, if the fcale is applied to one leg, the divifions muft 
be only half inches, that is, provided the two legs are of the 
fame* bore ; but if they are of different bores, the fcale muft 
not be half, but of a proper proportion, to (hew always the 
difference between the level of the furface of the mercury in 
the two legs. 

Thefe tubes may be made of glafs 5 but if the quickfilver 
is not very pure, the alloy with which the venders of this 
article adulterate it is by conllant a&ion brought to 
the furface, and, together with the vapour, make the tube 
fo foul, that no precifion can be obtained. Iron is the beft 
material for both parts of the tube, which (hould be cor- 
re&ly of one diameter, or elle the refult will be erroneous* 
as we have before remarked ; for it is difficult to graduate a 
fcale by experiment m an iron tube, where the difference of 
level of the mercury in the legs cannot be feen. This tube 
mult communicate with the condenfer by a fmall copper pipe, 
and a flop-cock be placed between the gauge and condenfer. 
The index in this inftrument is the fame as in the fleam-gauge, 
viz. a light deal rod, which is put into the (horter tube ; and 
qu'ckfilver being poured into it within three inches of the 
end, the rod is put into the tube, and floats on the quick- 
filvcr. It is almolt needlefs to remark, that the graduation 
on this inftrument mtffl be inverted with regard to thofeof a 
fingle tube. 

The barometer (hews the perfe&ion of the vacuum, or 
the preffure of the atmofphere to enter into the condenfer, 
whilft the fleam-gauge (hews the preffure of the fleam to 
efcape into the air. By adding the height of thefe two co- 
lumns together, we have the preflure of the lleam upon the 
pilton, provided the throttle-valve is fully open, io that 
there is no obrtru&ion to the entrance of the fleam from the 
boiler into the cylinder. It would be lntererting to have a 
fingle gauge made to exprefs this in one : nothing would be 
more eafy than to have a long glafs tube bent to an inverted 
fiphon, and one of the legs being conne&ed with the fleam- 
pipe, and the other with the condi n(er, the difference of level 
between the two furfaces would at ail times exprefs the pref- 
fure on the pifton. 

Counter . — In many of Mr. Watt's engines, a little appa- 
ratus is attached to the beam, to afeertain the number of 
ftrokes the engine makes in any given time: this contrivance is 
called the counter, and is a tram of wheel-work, working like 
clock-work, commonly attached to the beam in fuch a manner, 
that every flroke made by the engine moves one tooth, fo that 
the index tells how many ftrokes nave been made fince laft ex- 
amined. This is fo (hut up in a box, that no perfon can gain 
accefs to it but the one entrufted with the key. When the box 
is attached to the beam, the inclination of the beam caufcs 
the pendulum to vibrate every time the engine makes a flroke, 
and thus moves the counter round one tooth for every flroke. 
In other cafes, the box containing the counter is fixed to 
the fpring-beam floor, and at every flroke the beam (trikes 
a fmall deteut, and moves the counter one tooth. It was 
by the account of this inftrument that MuTrs. Boulton and 
Watt charged their portion of the favings for working their 
engines during the term of Mr. Watt's patent. 

ConftruQion of the Valves . — The (team and edu&ion- 
valves are of that kind called button or conical fpindle- 
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valves. Mr. Watt, in his firft effays, employed cocks, and 
alfo (liding-valves, fucli as the regulator or ftcam-valve of 
the old engine. But he found them always lofe their tight- 
nefs, after a ffiort time. This is not furprifing, when we 
confider that they are always perfe&ly dry, and alrnoft 
burning hot. He was therefore obliged to change them all 
for fpindle-valvefi, which being truly ground, and nicely fitted 
in their motions at firft, are not found to get out of order by 
any length of time. Other engineers now ufe them commonly 
in the old form of the fleam-engine, where, however, there 
is lefs neceffity for them. 

The manner of conflru&ing thefe valves is as follows. 
Fig. 3. reprefents a valve, with its feat and box ; fuppofe it 
one of the fleam-valves ; the box is at the end of the pipe which 
introduces the (team, ar.d h h is the upper part of the pipe, 
which communicates with the lower part of the cylinder, or 
with the condenfer. At e e may be obferved a part more 
faintly (haded than the furrounding parts. This is the feat 
of the valve, and is a braffl or bell- metal ring, turned coni- 
cal on the outfide, fo as to fit exaClly into a conical part, 
bored out in caft iron, of the pipe h b. This ring or feat 
is fitted in by cement ; and the cone being of a long taper, 
the ring Hicks firmly in it, efpecially after having been there 
for fome time, and united by ruft. The valve itfelf is a 
llrong brafs plate, D, turned conical on the edge, fo as to 
fit the conical or inner edge of the feat. Thefe two cones 
are very nicely ground into each other with emery. This coni- 
cal joining is much more obtufe than the outer fide of the 
ring e\ lo that although the joint is air-tight, the two 
pieces do not flick clofely together. The valve has a fpindle 
or round tail, D c, which is freely moveable up and down 
in the hole of a crofs-piece extended beneath the rirg or 
feat e e ; and on the upper fide of the valve is a ftrong 
piece of metal, D G, firmly jointed to it, one fide of which 
is formed into a toothed rack. 

A is the fe&ion of an iron axle, which turns mi holes in the 
oppofite fides of the valve-box ; and one of thefe, where it 
pafTes quite through the fide of the box, is nicely fitted by 
grinding, fo as to be air-tight ; and a fluffing of hemp, well 
loaked in melted tallow and rofm, is made to furround the 
outfide of the hole, to prevent all ingrefs of air. The end of 
this axis project $ a good way without the box, and carries a 
fpanner or handle 3, which is corine&ed by a tod with a lever, 
moved by the plug-frame. To the axis, A, is fixed a ftrong 
piece of metal, or fedtor, the edge of which is formed 
into an arc of a circle, having the axis. A, in its centre, and 
is cut into teeth, which work in the teeth of the rack D G, 
on the valve, and lift the fame when the fedlor i3 moved. 
K K is a cover, which is fixed by ferews to the top of the 
box F, and may be taken oft, in order to get at the valve 
when it needs repairs. From this defcription it is cafy to 
fee, that by turning the handle 3, which is on the axis A, the 
fcdlor mull lift up the valve by means of its toothed rack 
D G, till the upper end of the rack touches the top or cover 
K ; and turning the handle, 3, in the oppofite direction, 
brings the valve down again to its feat. 

The force requifite to lift up a large valve from its feat 
is very great, the valve being kept down by a preflure of 
the fteam upon its upper furface while there is a vacuum 
beneath it. The valves of the Chelfea engine are nine inches 
diameter, and therefore contain (9 x 9 = Bi x -7854 =) 63! 
fquare inches, and each being prefled by at lead 13 lbs., 
makes 8/6 lbs. weight to keep the valve down ; and this 
fhouid, if poflible, be lifted iri an inftant, to admit the fleam 
to pafs off without delay. One method of balancing this 
weight is by means of a imall pifton, applied beneath the 
valve. Thus, the lower part of the pipe or box in which the 
valve is contained, is bored out to a fliort cylinder, and a 
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pifton is truly fitted therein, as (hewn beneath K t jg. 2 : a 
cover or bottom is ferewed on to clofe the lower end of the 
ffiort cylinder 5 and there is a final! copper pipe from the 
jacket, which admits fteam into the fpace of the fhort cylin- 
der beneath its pifton, while there is a vacuum in the box in 
which the valve is contained, and which is open to the upper 
furface of the pifton. The axis of the valve being con- 
ne&ed with the pifton, it is evident that the a&ion of the 
pifton to afeend will counteradl that of the valve to defeend ; 
and, therefore, by apportioning the area of the pifton to 
that of the valve, it may be made to lift with the flighted 
force. 

Even without this contrivance, which is only applied be- 
neath the exhaufling-valve, as is feen in the fedtion, Jig. 2, 
Mr. Watt invented a very fimple and effective method of 
raifing up the valves by levers. The force which holds 
down the valve is quite momentary 5 and the inftant the valve 
is detached from its feat the preflure is over, although it has 
not rifen more than a tenth of an inch ; the force is, therefore, 
no impediment to the engine, but would be an inconvenient 
labour to the man who (tarts and flops it. 

By Mr. Watt’s contrivance, the lever is put in fuch a po- 
fition when it begins to raife the valve, that its mechanical 
energy is almoft infinitely great. Let fig. 3. reprefent the 
valve ftuit, which is fuppofed to have been juft clofed 
by the chock on the plug-beam in its defeent coming 
in contact with the handle #, and depreffing it, which is 
moveable with the axis X : on this fame axis is another 
arm, X 2, conne&ed by a joint with the leading rod 2 3, 
which ib conne&ed alfo by a joint with the lever 3 A, fixed 
on the axis, A, of the fedtor, contained within the valve- 
box. Therefore, when the chock of the plug-frame de- 
preffe8 the handle x , and turns the arm, X 2, round upon 
its centre, it pufhes up the lever, 3 A, by means of the con- 
necting rod, until the valve is doled, as fhewn in fig. 3. At 
that time, the rod 2 3, and the arm, X 2, of the lever, arc in 
one ftraight line, while the lever 3 A, (on the axi6 of the 
fedtor,) is at right angles to rod 2 3, which moves it $ confe- 
quently the rod is siting with its greateft power to turn the 
axis A, upon which the fedlor is fixed. In this fituation the 
valve is kept clofed by the catch or detent before explained, 
which holds down the handle x , until it is wanted to be 
opened ; the plug-frame then, by lifting the lower handle, re- 
lieves the catch, and the weight, c, applied to the axis turns 
it round into the pofition of the dotted lines, and the lever, 
X 2, draws the rod 2 3, and, by depreffing the lever 3 A, 
opens the valve. 

From this arrangement, the intelligent mechanic will per- 
ceive that, in this pofition, the force exerted by lever X 2 is 
extremely great to pull down the rod 2 3 ; and, at the fame 
time, another great advantage arifes from this difpofition of 
the levers, which is, that any preflure, however ftrong, ap- 
plied upon the valve to open it, would be ineffedtual, as that 
force would be exerted to turn the lever X 2 endways, in 
the direction of the axis X, inftead of turning it round, as 
fhewn by the figure, which reprefents the valve fhut, and re- 
tained in that pofition by the lever. 

Conjlruftion of the Pifton . — In Mr. Watt’s firft attempt, 
the greateft difficulty which he encountered was to make the 
great pifton tight. The old and effectual method, by water 
lying on it, was inadmiffible. He was therefore obliged to 
have his cylinders moft nicely bored, perfe&ly cylindrical, 
and finely polifhed ; and he made numberlefs trials of differ- 
ent foft lubftances for packing his pifton, which fhouid be 
tight without enormops fri&ion, and long remain fo, in a 
fituation perfectly dry, and hot almoft to burning. 

After many trials, he fettled the form of the packing which 

is now universally employed. The pifton has a projecting rim 
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at bottom, which is fitted as accurately to the cylinder as it 
can be, to leave it at full liberty to rife and fall through the 
whole length. The part of the pifton immediately above this 
is about two inches lefs all round than the cylinder, to leave a 
circular groove or channel, into which the hemp, or foft rope 
which is called gaflcet, is rammed, to form the packing ; then, 
to keep the packing in its place, a lid or cover is put oyer 
the top of the pifton, with a ring or projedling part, which 
enters into the circular groove for the packing, and prefiing 
upon it, the plate is forced down by fcrews. The lower 
part of the groove round the pifton being made rounding, 
with a curve, this prellure on the packing forces it again ft 
the infide furface of the cylinder. The pifton muft be kept 
fupplied with melted greafe ; for which purpofe a funnel is 
fixed on the top of the cylinder, with a cock and pipe to let 
the greafe down. The ftuffing-box in the top of the cylin- 
der, round the pifton-rod, is packed with hemp in a fimilar 
manner, a collar, with a hole through it for the paflage of 
the rod, being ferewed down, to confine the packing in its 
place. 

After all that has been done in this refpedl, it is probable 
that the greateft part of the watte of (team which we ft ill 
perceive in engines, arifes from the unavoidable efcape by the 
(idea of the pifton during its defeent. If the pifton is 
packed fo tight as totally to prevent the lofs, the fridtion is 
fo increafed as to fully outweigh the faving. But it is a 
fortunate circumftance, that the performance of Mr. Watt’s 
engine is not immediately deitroyed, nor, indeed, fenfibly di- 
minifhed, by a fmall want of tightnefs in the pifton. In the 
atmofpheric engine, if air enters in this way, it immediately 
puts at flop to the work ; but in the new engine, although 
even a confiderable quantity of fteam efcape paft the pifton 
during its defeent, the rapidity of condenfation is fuch, that 
the diminution of prefiure is not confiderable, and the watte 
of fteam is the greateft inconvenience. 

A great many fchemes have been fince tried to ’make bet- 
ter methods of packing a pifton, but none of them have been 
brought into ufe, except the metallic expanding pifton, 
which was p.opofed by Mr. Cartwright, as we (hall notice 
in deferibing his engine. Something of the fame kind, but 
not for (team-engines, is to be found in Leupold’s Theatrum 
Machinarum Hydraulicarum, 1724. 

The aSual Performance of Mr. Watt's Engine •with rejbeft 
to Coals . — At the firft eftablifhment of their engines, MelFrs. 
Boulton and Watt charged their profits in proportion to the 
faving of fuel which their engine made, when compared with 
a common engine burning the fame kind of coals. They 
had one-third of thefe Cavings paid them annually, or the 
payment was redeemed at ten years’ purchafe. It fhould be 
obferved, that Mr. Smeaton’s improvements were introduced 
about the fame time as Mr. Watt’s, and therefore the com- 

f arifon was not with his engines, but with the former ones. 

t was Mr. Smeaton’s rule, judging from fome experiments 
made before him on fome of Mr. Watt’s early engines, to 
eftimate Mr. Watt’s engine at ' one-half the confumption of 
fuel as his own for the fame work, in large engines, or a (till 
greater proportion in (mall engines, becaufe the waite of fteam 
is greater, and he reckoned his own at only one-half of the 
common engines, as he found them $ therefore, Mr. Watt’s 
will be four times as great in efFe& as the common engines. 

As early as 1778, when Mr. Watt firft eftablifhed his 
engine, we find his proposals, deduced from experiment, 
wore to raife 500,000 cubic feet of water one foot high 
with one cwt. of coals. He afterwards adopted the de- 
nomination of the number of pounds of water which could 
be lifted one foot high by a bufhel of coals as the fcale 
for engines ; if we reduce this to the latter term, it will 
be 244 millions. Thus, 500,000 cubic feet x 62.5 lbs. 
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the weight of a cubic foot of water, = 3 1,250,000 lbs. 
of water raifed by 1 12 lbs. of coals. Then fay, as 
112 lbs. : 3 1 ,250,000 lbs. :: 88 lbs. the weight of a bufhel 
of coals, to 24,553, 57 the number of pounds of water 
which will be lined one foot high with one bufhel of coals* 
Mr. Watt was at that time in expedation of making a 
great improvement by adopting his expand ve method. 

Mr. Smeaton, who was defirousof promoting Mr. Watt’s 
difeovery, made an experiment in 1778, on an engine on the 
Birmingham canal, for returning into the refervoir the water 
let down by the paftage of boats through the locks. 

The working cylinder was 20 inches, and the pump alfo 
20 inches, lifting 27 feet, at the rate of 11 ftrokes per 
minute, of 5 feet 9 inches length each. It worked for an 
hour with 65 lbs. of Wednefbury coals. 

When reduced, this experiment gives about 19 millions 
lifted one foot by a bufhel of coals. Thus, the area of the 
pump is (20 x 20 = 400 x .7854 =) 314 fquare inches, 
X .434 lbs. = 136.27 lbs. weight for every foot in height, 
X 27 feet ss 3679 lbs. the total weight of tne column. The 
motion per minute is 63^ feet (1 1 ftrokes of 5 ft. 9 in. each), 
or 3795 ft per hour, x 36791b*. ■= 13,961,805 lbs. raifed 
1 foot high per hour. The coals confumed in the hour was 
65 lbs. ; therefore fay, as 65 lbs. : 13,961,805 lbs. :: 88 lbs. : 

1 8,902, 13 6 lbs. raifed one foot high with each bufhel of coals 
of 88 lbs. ; load on the pifton 27 ft. of water, or (27 -r 
.434 ) 11.7 lbs. per fquare inch. 

When the engines were made to work with the expanfion, 
they were enabled to raife as much as 30,000,000 lbs., but 
this is when the engines are of the belt conftrudtion, and 
working under every advantage of the parts being tight and 
in the bell order ; for theft* circumftances, when negle&ed, as 
they ufually are by tlu* engine-keepers, make a moll ma- 
terial difference in the rcfult. 

In the great fcale of practical operations this nicety of 
management cannot be expedled ; and accordingly, from re- 
ports on the engines now working on the mines in Corn- 
wall, which, with the exception of a few of Woolf’s engines, 
arc all on Mr. Watt’s principle, and molt of them con- 
ftrudled by Meilrs. Boulton and Watt, taking the average 
of nine engines, bad, good, and indifferent together, they 
were found in Auguft, 1811, to raife only 13,500,000 lbs. 
one foot high for each bufhel of coals which they confumed. 

But when it was known by the engine-keepers that their 
engines were under examination, they took fo much pains 
to improve the effedts, that by gradual increafe, the en- 
gines, in 1815, lifted 2i,5oo,ooolbs. taking the average of 
33 engines. This information we obtain from the monthly 
reports of the engines which are working for draining the 
mines : thefe were begun in the year 1811, by the agree- 
ment of a number of refpe&able proprietors of the valu- 
able tin and copper mines in Cornwall, who refolved to have 
afeertained the real work which their refpedlive fleam- 
engines were performing, as it was fufpcdled fome of them 
were not doing duty adequate to the confumption of fuel ; 
and for the greater certainty of attaining their objedt, it was 
agreed that a counter fhould be attached to each engine, 
and all the engines be put under the fuperintendance of 
fome refpedlable and competent engineer, who fhould re- 
port monthly the following particulars in columns: viz . 
the name of the mine ; the fize of the working cylinder ; 
whether working fingle or double ; the load per fquare iuch 
upon the pifton ; length of the flroke in the cylinder 5 the 
uumber of pump-lifta j the depth in fathoms of each lift ; 
diameter of pumps in inches ; time during which they worked ; 
confumption of coals in bufhels during that time ; number 
of ftrokes during the time ; length of flroke in the pump ; 
load upon the whole area of the pifton in pounds $ pounds 
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lifted one foot high by a bufhel of coals; number of 
ftrokes per minute ; and l&ftly, a column for names of en- 
gineers and remarks. 

Meflrs. Thomas and John Lean were appointed to the 

f eneral fuperintendance, and fince that time they have pub- 
fhed monthly reports : from thefe we find the following 
are the three belt engines working in 1816. 

i ft. Stray Park 5 a 63-inch cylinder, 7 ft. pin. ftroke, 
fingle adting ; being one of the three engines on the vaft 
Dolcoath mine. The preflure on each fquare inch of the 
pifton was o lbs. Its performance in four different months 
was 31,31$, 28, and 28 J million pounds of water lifted one 
foot by each bufhel of coals. 

2dly. Wheal Abraham mine 5 a fingle engine, 63-inch 
cylinder, working an 8 ft. 3 in. ftroke, under a preflure of 
9.4 lbs. per fquare inch on the pifton. Its produce was 22, 
$9$, and 32 million pounds of water railed a foot high 
with each bufhel of coals. Another month, when the fame 
engine was working with 7.9^8. on each fquare inch of 
the pifton, its produce was 28,318,860 lbs. 

3dly. Oatfield new engine ; a 70-inch fingle cylinder, 

8 ft. 6 in. itroke, 9.9^3. preflure. The efl'edt in different 
months was 2 26A, 29, and 29 million pounds of water 
raifed one foot nigh by each bufhel of coal». 

The editor of the Philofophical Magazine has drawn out 
from thefe reports the average performance of all the en- 
gines, as we have mentioned, and the whole of them, for 
every month up to the end of 181c, will be found in the 
46th and 47th vol8, of that ufeful work ; 39 alfo reports 
upon Woolf's engine, of which we fhall fpeak in another 
place. The original reports of Meffrs. T. and J. Lean 
contain information highly interefting to the practical 
engineer. 

In calculating the dimenfions of an engine on Mr. Watt’s 
principle to perform Any given talk, the engineer has lefs 
difficulty than in Newcomen’s engine, became the preflure 
on the pifton can be lo much varied. It is advifable, in 
general, to take 10 lbs. preflure per fquare inch on the pifton 
for the load; and then, in working the engine, if it be- 
comes neceflary, it can be diminifhed to 9 lbs. or even 7 lbs. 
or increafed to 15 lbs. which is a great latitude for future 
contingencies. 

We have before given the great wafte of ft earn by con- 
denfation, on entering into the cold cylinder of the atmo- 
fpheric engine, which is nearly as great as that which ulti- 
mately produces its action ; it therefore takes double the 
fupply of fuel which is requifite, if the wafte could be 
avoided. 

In the improved engine of Mr. Watt, about 1$ of the 
quantity of the lleam which is neceffary to fill the cylinder 
muft be furnifhrd at each ftroke ; and it is probable that a 
confiderable portion of this wafte is from the leakage of 
the pifton, as well as from coudeufation. 

Mr, Hornblower* s Double Cylinder Steam-Engine. — The 
intention of this improvement was to obtain a greater power 
by a complicated force of the fleam, than was fuppofed 
could be done by its action in the Ample way. 

We are not to confider this engine as being on a different 
principle from Mr. Watt’s, but as applying his prin- 
ciples of condenfation and expanfion in a different manner 
from what Mr. Watt does. Mr, Hornblower obtained a 
patent in 1781, for a machine or engine for raifing water 
by means of fire, and the fpecifieation of the patent was 
as follow 8 : 

44 Firlt : I ufe two veflels, in which the fleam is to ad, 
and which in other engines are called cylinders* Secondly : 
Vox*. XXXIV. 


Ill 

I employ the fleam after it has afted in the firft veffel to 
operate a fecond time ki the other, by permitting it to ex- 
pand itfelf, which I do by conneding the veflels together, 
and forming proper channels and apertures, whereby the 
fleam fhall occafionally go in and out of the faid veflels. 
Thirdly : 1 condenfe the {team, by caufing it to pafs in con- 
ta6l with metalline furfaces, while water is applied to the 
oppofite fide. Fourthly : To difeharge the engine of the 
water ufed to condenfe the fleam, I fufpend a column of 
water in a tube or veflel conftruded for that purpofe, on 
the principles of the barometer, the upper end having open 
communication with the fteam-veffels, and the lower end 
being immerfedin a veffel of water. Fifthly : To difeharge 
the air which enters the fteam-veffels with the condenfing 
water or otherwife, I introduce it into a feparate veffel, 
whence it ik protruded by the admiflion of (team. Sixthly: 
That the condenfed vapour fhall not remain in the ileam- 
veflel in which the fleam is condenfed, I colled it into 
another veflel, which haB open communication with the 
tteam-veflels, and the water in the mine, refervoir, or river. 

44 Laftly, in cafes where the atmofphere is to be employed 
to ad on the pifton, I ufe a pifton fo conftruded as to 
admit fleam round its periphery, and in contad with the 
Tides of the fteam-veflel, thereby to prevent the external 
air from palling in between the pifton and the Tides of the 
fteam-veflel.” 

The following is a defeription of this engine by the in- 
ventor, as it was publifhed in the Encyclopaedia Britannica. 
Let A and B (Plate V. Jig. 1.) reprelent two cylinders, of 
which A is the largell ; a pifton moves in each, havingtheir 
rods, C and D, moving through collars at E and F. Thefe 
cylinders may be fupplied with fleam from the boiler by 
means of the fquare pipe G, which has a flanch to conned 
it with the reft of the fteam-pipc. This fquare part is re- 
prefented as branching off to both cylinders : c and d are 
two cocks, which have handles and tumblers as ufual, 
worked by the plug- beam W. On the fore-fide of the 
cylinders (that is the fide next the eye) is represented an- 
other communicating pipe, whofe fedion is alfo fquare, or 
redangular, having alfo two cocks a , b . The pipe Y, im- 
mediately under the cock b, eftablifhes a communication 
between the upper and lower parts of the fmall cylinder B, 
by opening the cock b . There is a fimilar pipe on the other 
fide of the cylinder A, immediately under the cock d . 

When the cocks c and a are open, and the cocks b and d 
are fhut, the fleam from the boiler has free admiflion into 
the upper part of the fmall cylinder B, and the fleam from 
the lower part of B has free admiflion into the upper part 
of the great cylinder A ; but the upper part of each 
cylinderlias no communication with its lower part. 

From the bottom of the great cylinder proceeds the educ- 
tion-pipe K, having a valve at its opening into the cylinder ; 
it then bends downward, and is conneded with the conical 
condenfer L. The condenfer is fixed on a hollow box M, 
on which (land the pumps N and O, for extrading the 
air and water, which lafl runs along the trough T, into a 
ciflern U, from which it is raifed by the pump V, for re- 
canting the boiler, being already nearly boiling hot. Im- 
mediately tinder the condenfer there is a fpigot-valve, at S, 
over which is a fmall jet-pipe, reaching to the bend of the 
edudion-pipc K. The whole of the condenfing apparatus 
is contained in a ciflern, R, of cold water ; a fmall pipe, P, 
comes from the fide of the condenfer, and terminates on the 
bottom of the trough T, and is there covered with a valve, 
Q, which is kept tight by the water that is always runumg 
over it. 

M 
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Laftly, the pump-rods, X, caufe the outer end of the 
beam to preponderate, fo that the quiefcent pofition of the 
beam is that reprefented in the figure, the pifton. being at 
the top of the cylinders. 

Suppofe all the cocks open, aud fleam coming in co- 
pioufly from the boiler, and no condenfation going on in L, 
the fleam muil drive out all the air, and at lall f.dlow it 
through the valve Q. Now fhut the cocks b and d, and 
open the valve, S, of the condenfer ; the condenfation will 
immediately commence, and draw off the fleam from the 
lower part of the great cylinder. There is now no prefTure 
on the under fide of the pifton of the great cylinder A, and 
it immediately defeends. The communication, Y, between 
the lower part of the fmall cylinder B, and the upper part 
of the great cylinder A, being open, the fleam will go from 
the lower part of B, into the (pace left by the defeent of 
the pifton of A. It muil, therefore, expand, and its elafti- 
city mull diminifh, and will no longer balance the prefTure 
of the fleam coming from the boiler, and prefling above the 
piilon of B. 

This piilon, therefore, if not withheld by the beam, would 
defeend till it came in equilibria, from having fleam of equal 
denfity above and below it. But it cannot defeend fo fait ; 
for the cylinder A is larger than B, and the arch of the 
beam, at which the great pidon is fufpended, is no longer 
than the arm which fupports the pifton of B ; therefore, 
when the pifton of B has defeended as far as the beam will 
permit it, the fleam between the two piflons occupies a 
larger fpace than it did when both piflons were at the top 
of their cylinders, and its denfity dimitiifhes as its bulk in- 
creases. The fleam beneath the fmall pifton is, therefore, 
not a balance for the fleam on the upper fide of the fame, 
and the pifton B will a& to deprefs the beam with all the 
difference of thefe prefTures. 

The flighted view of the fubjeA muft fhew the reader, 
that as the piftons defeend, the fleam that is between them 
will grow continually rarer and lefs elaflic, and that both 
piftons will draw the beam downwards. Suppofe now, that 
each one had reached the bottom of its cylinder, fhut the 
cock a, and the edu&ion- valve at the bottom of A, and 
open the cocks b and d. The communication being now 
eftabliftied between the upper and lower part of each cy- 
linder, their piftons will be prefled equally on the upper 
and lower furfaces ; in this fituation nothing, therefore, 
hinders the counter weight from raifmg the piflons to the 
top. 

Suppofe them arrived at the top : the cylinder B is at this 
time filled with fleam of the ordinary denfity ; and the cylin- 
der A with an equal abfolute quantity of fleam, but expanded 
into a larger fpace. Shut the cocks b and d> and open the 
cock dj and the edu&ion-valve at the bottom of A; the 
condenfation will again operate, and caufe the pillons to 
defeend ; and thus the operation may be repeated as 
long as Hearn is fupplied; and once full of the cylinder 
B, of ordinary fleam, is expended during each working 
ftroke. 

The cocks of this engine arc compofed of two flat circular 
plates, ground very true to each other, and one of them 
turns round on a pin through their centres : each is pierced 
with three feftorial apertures, exaftly correfponding with 
each other, and occupying a little lefs than one-half of their 
furfaces. By turning the moveable plate fo that the aper- 
tures coincide, a large paflage is opened for the fleam ; and 
by turning it fo that the folid part of the one covers the 
aperture of the other, the cock is fhut. Such regulators are 
now very common in the calt~iron itovesfor wanning rooms. 
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Mr. Hornblower’s contrivance for making the collars for 
the pill on-rods air-tight, is thus; the collar is in fall two, 
placed at a ftnall di fiance from each other ; and a fmall pipe* 
branching off from the fleam-pipe, communicates with the 
fpace between the collars. This fleam being a little ftronger 
than the prefTure of the atmofphere, effe&ually prevents the 
air from penetrating through the upper collar ; and though 
a little fleam fhould get through the lower collar into tne 
cylinder A, it can do no harm. The manner of making 
this ftuffing-box is as follows: on the top of the cylinder 
is a box to contain fomething foft, yet pretty clofe, to em- 
brace the pifton-rod in its motion up and down; and this 
is ufually a fort of plaited rope of white yarn, nicely laid in, 
and rammed down gently, occupying about a third of its 
depth ; upon that is placed a fort of tripod, having a flat 
ring of brafs for its upper, and another for its lower part ; 
and thefe rings are in breadth equal to the fpace between 
the pifton-rod and the fide of the box. This compound ring 
being put on over the end of the pifton-rod, another quantity 
of this rope is to be put upon it, and gently rammed as be- 
fore ; then there i3 a hollow (pace left between thefe two pack- 
ings, and that fpace is to be fupplied with ttrong fleam from 
the boiler. Thus is the packing about the pifton-rod kept in 
fuch a flate as to prevent the air from entering the cylinder 
when at any time there may be a partial vacuum above the 
pifton. 

Mr. Hornblower't; defeription of this engine was follow- 
ed by a mathematical invettigation of the principles of its 
action, by the ingenious profeflor Robifon* which demon- 
ftrates that it is the fame thing in effeft as Mr. Watt's ex- 
panfion-engine ; but though this is true, there is a confi- 
derable difference in the fteps by which the effect is attained, 
which gives an important advantage when it is reduced to 
pradice. We fhall give an invelligation in a more popular 
form, u fin g only common arithmetic. Mr. Hornblower 
affumed, that the power or prefTure of fleam is inverfely as 
the fpace into which the fleam is expanded : this is the cafe 
with air, and for the prefent we will grant it to be fo with 
fleam, and reafoa from the fame data as the ingenious in- 
ventor gives us. 

To explain clearly what paffes in the two cylinders, we 
muff deviate from the precife form of the engine, and diveft 
ourfelves of one complication of ideas, by reducing both cy- 
linders to the fame ftroke ; therefore, fuppofe the engine to 
be made like fig. 2, which represents the two cylinders 
placed one upon the other, the lower one being double the 
capacity of the upper one, and both pillons being attached 
to the fame rod, which may be applied to the end of the 
beam, fo that the defeent of the piftons mult draw up the 
load at the oppofite end of the beam. 

Then, if we fuppofe the f mall piiton to be io inches in 
diameter, the great pifton muft be 14. 14 inches; and to 
avoid all difficulties of the ratio of the expanfion, and 
the prefTure of ltcara, we will fuppofe the engine to be 
worked by the prefTure of atmofpherie air inftead of fleam } 
and for the convenience of round numbers in our calculation, 
we will confider the prefTure at only 10 lbs. per circular inch 
on the furface of the pifton. 

The area of the fmall pifton will be 100 circular 
inches, and being aflumed to move without fri&ion, the 
prefTure upon it will be 10 x 100 = 1000 lbs. The area 
of the great piiton is twice as much, or 200 circular inches, 
and the prefTure 2000 lbs. 

Suppofe both pillons to be at the top of their refpeftive 
cylinders; let the atmofpherie air be admitted to prefs 
freely upon the upper furface of the fmall pifton ; and fup- 
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pofe the fpace between the two piftons filled with air of the 
feme denfity, while there is a perfedl vacuum made in the 
lower part of the great cylinder, beneath its pifton. 

Under thefe circutnftances, the two uiltons will begin to 
defccnd with fomething lefs than 2000 lbr». of load upon the 
outer end of the beam, becaufe there arc 2000 lbs- of preflure 
on the great pifton by the atr contained in the fpace between 
the two piftons, bearing on the 200 inches of furface with 
a weight of 10 lbs . per inch 5 and beneath this piiton then- is 
nothing to counteract the preflure. At the fame time, the 
fmall pifton, having air of equal denfity above and below it, 
is in equilibrio. 
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This force would balance a load of 2000 lbs.; but fuppofe 
wedimmifh the load to 1900 lbs., then the piftons will im- 
mediately begin to defetnd ; but they will foon flop, be- 
caufe the air between the two piftons rnufl expand itfelf, to 
fill the increafing fpace occafioned by the equal dofeent of 
botli piftons in the cylinders, one of which is twice the area 
of the other ; and as the air becomes rarer, its preflure on 
the great pifton mult dimimfh. Now as this fame diminu- 
tion occaiions the fmall pifton to have a power of defeentp 
we will iirlt confidcr the piftons fepaiatdy, and then con- 
jointly, in their power of defeent, with which they draw 
down the beam. 


Dcfecmling Power of the Great Pifton. 


Defcending Powei of the Small Piflo 


( omhineil Power of botli Piftons. 


1 . 1 ) 8 . 

At fir ft the power will be 2000 

In confequence of the preflure of 10 lbs. 
per circular inch upon it* upper fur- 
face, and no preflure beneath. 

At one-fourth of the defeent, 1 
the power will have diminifhed, > 1600 
by regular decrements, to j 

Becaufe the air between the two piftons 
muft occupy tlirce-fonrth* of the 
fmall cylinder, and one- fourth of the 
great cylinder, which is a fpace equal 
to one and one-fourth of the ori- 
ginal fpare which it filled ; there- 
fore the fpares will he as five to 
four ; and if the denfity of air is as the 
inverfe proportion of the fpace which 
it occupies . the preflure on the great 
pifton muft he as four to five, or 
£lhs of ‘2000 — 1600. 


At onc-half of the defeent, the 
power will have dimir.i filed to 



Becaufe at this pofit>nn the air be- 
tween the piftons occupies one-half of 
the fmall cylinder and om-half of the 
great one, which is 0 fp ice rqml to 
one and on* -half of t!'.** fp.ice it filled 
original 1 v The r |vu*ts will there- 

fore he as fiv to four, and the p ref- 
fur c on the great pifton hr four to 
fix, or -Jds of 2000 — 1333 v 


At three-fourths of the defeent, 
the power will be only 

Becaufe the air muft now occupy one- 
fourth of the fmall cylinder, and 
three-fourths of the hrge cylinder, 
which is a fpace equ. 1 to one and 
three-fourths of the original fpace. 
Thus the fpaccs will be as (even 
to four, mid the preflure on the great 
pifton ;tlis of 2000 “ 11427. 



At the bottom of the cylinder, 7 ioQQ 

the power will be - 3 

Becaufe the air muft occupy »he whole 
of the larnf cylinder, a fpace equal 
to twice the fmall cylinder who h 
ir at firft filled. The preffure will 
therefore he \ of 2000. 


Lbs. 

At firft the power will be o 

Becaufe the pifton 13 in equilibrio, 
having lOOOlbs. p»»*fl**ng upw«nd*,atid 
1000 lbs. downward*. 


At one-fourth, the power will be 200 


Becaufe the equibhmun does not con- 
tinue, and at o- e fourth of the defeent 
the preflure bent ath t be fmall pifton is 
re luetd by the expuifion of the mr be- 
tween the two piftons to four-fifths of 
3 000 — WOO Ibi., while the preflure 
nb i\e il)«‘ pifton continues to h" 10O0. 
The power is, therefore, 1000 — 
800 - 200. 


~At one-half of the defeent, the 7 . 

[ power will have iocreafed to J *33 « 

Bcc.itifc tin* preflure beneath is dimi- 
niftieil bv the increafed rarity of the 
air to ^ds of 1000 — 666*, while 
the downward preflure continues to 

be 1000. Rower is therefore 

1000 — sss 03 15. 


A.r three-fourths of the 
the power will be 

Becaufe the preflure beneath is reduce* I 
by the ram v of the air to Jilts of 1 000 
571 ), therefore the power is 

1000 — 57 1 7 - 


defeent, “ 


428i 


At the bottom, the power will be $00 

Becaufi' th** nir beneath the pifton is re- 
duced to one-half of its preflure, or 
500, which deduced from 1000, 
leaves 500. 


At firit 


At onc-fourth 


At otv'-half 


At three- fourths 


At the bottom 


Lb». 

2000 


1800 


1666*; 


3 57 >r 


1500 


Sum of the powers exerted by 7 ^ 

the -great piiton in its defeent f ' ' 


Sum of the powers of the fmall 
pifton 



Sum of the com- ' 
bined powers 


M 
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Now let US confider how Mr. Watt’s principle of expan- 
fion would operate in the fame ctrcumlUnces ; that is, in a 
cylinder of 14.14 inches diameter ; which is to be fupplied 
with air of 10 lbs. preffure Oer circular inch, until it has 
completed one-half of its defcent, and leaving the remainder 
of tne defcent to be accomplifhcd by the expanfion of the 
air already contained in the upper half of the cylinder. 

Lbs. 

At the beginning, the power of defcent will be 2000 

At one-fourth, the power will dill be - 2000 

At one-half, the power will be - - 2000 

At three-fourths of the defcent, the power will be ") ... ( 

dimini/hed to - - - - J 33 j 7 

Becaufe the air muft occupy one-fourth of the length of 
the cylinder, in iddition to that half of the cylinder which 
it occupied before the expanfion began ; therefore the 
fpace is one and a half times the former, or as three to 
two, and the prelfure will be two-thirds of 2000. 

At the bottom the preffure will be - - 1000 

Becaufe the air is expanded to occupy twice the fpacc it 
filled before. 

8 333i 

The fum total is very nearly the fame at the former, but 
both are greater than they fliould be, from the imperfedt 
manner in which we have been obliged to make our calcu- 
lation, fo as to exprefs it in common arithmetic, without 
having recourfe to fluxions, which is the only method of 
treating quantities that are conftantly increafmg or de- 
creafing by any given law. 

The fource of the inaccuracy is eafily explained: at 
firft we fet out with the preffure at 2000 lbs. in Mr. Horn- 
blower's engine, and did not take into the account that it de- 
creases at all, until the pilton has defeended to one-fourth, 
but reafoned as though it dimini fhed all at once at that place ; 
whereas it began to diminilh from the very flrft ftarting. 
Here then we have taken a fmali quantity too much. In the 
fame manner, our procefs takes no notice of the diminution 
which happens between one-fourth and one-half of the de- 
fcent, or between the other points at which we have chofen 
to examine it $ the refult is, as if the diminution took place 
fuddeniy at each of thofe points. The remedy for this 
would have been to have taken the account at a greater num- 
ber of places, as it is by fluxions alone that we can take 
an infinite number, fo as to obtain a true refult. Now in the 
fecond calculation of Mr. Watt's expanfion-engine, we have 
taken a Hill lefs number of fteps for the confideration of 
the expanfion, becaufe, although there are four Heps in the 
procefs, two of them are before the expanfion begins. 

This is the reafon of the apparent difference ; for in reality 
there is none in the fum total of the varying powers exerted 
through the whole flroke, as will appear to any perfon who 
will take the trouble to read profeffor Robifon’s mvefti^ation. 
But if we confider the difference of the manner in which the 
whole power is expended during the ftroke, we fhall fee 
great reafon to prefer Mr. Hornblower's method, from the 
much greater uniformity of the a&ion ; it begins at 2000, 
and ends at 1500; whiift Mr. Watt's begins at 2000, and ends 
at iooo: hence the necefiity of thofe ingenious contrivances 
for equalizing the a&ion in Mr. Watt's patent of 1782. Mr. 
Hornblower's is not uniform, but approaches uniformity 
more nearly, fo that he could have carried the effect of the 
expanfive principle much farther, in employing ftronger 
(team, than we believe he ever propofed to do# 

We have been thus full upon this fubjeft, becaufe the 
gaining more power by the expanfion of air or fleam ading 
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in double cylinders, hat been a favourite idea with many, 
and there are no lefs than five different patents for it, but 
feveral of thefe have been upon miftaken notions 5 neither 
Mr. Watt's nor Mr. Hornblower's can have any advantage 
from (hutting off the air, or from a double cylinder, when 
air i6 ufed to prefs the pifton ; nor could they derive any ad- 
vantage from the expanfion of fteam in their engines, if the 
preffure of it was inverfely as the fpace it occupies. 

The advantage of the expanfive principle arifes wholly 
from a peculiar property of fteam, by which, when fuffered 
to expand itfelf to fill a greater fpace, it decreafes in pref- 
fure or elaftic force by a certain law, which is not fully 
laid down ; that is, the relation between its expanfive force 
and the fpace which it occupies is not clearly decided : but Mr. 
Woolf has found that, by applying thefe properties in their 
fulleft extent to the double cylinder engine, he can make moil 
important improvements in the effe&a which can be obtained 
from any given quantity of fuel. Steam is a fluid fo differ- 
ent from air, as to have no one property in common with it, 
except claiticity. This elafticity is wholly derived from 
the quantity of heat which it contains, and its force in- 
creafes and diminifhes with the quantity of heat ; but by 
what law it increafes or diminifhes we are uncertain, becaufe 
we have no meafure of the a&ual quantity of heat which is 
contained in fteam of any given elaftic force. All we know 
with certainty is what is itated in our table of expanfion, 
viz* that water, being converted into fteam, and confined 
in a clofe veffel, when heated until the thermometer indicates 
a certain temperature, will have a certain preflure or elaftic 
force. But here wc muft obferve, that the thermometer in- 
dicates only the intenfity of the heat, without affording a di- 
redl meafure of its quantity. When fteam is fuffered to 
expand itfelf into any given fpace, the quantity of rarefied 
water which will be foand to be contained in any given 
bulk of fteam, in its expanded Hate, muft be undoubt- 
edly proportioned to the quantity of water contained 
in the fame bulk of the Hearn, before the expanfion took 
place, in the inverfe ratio of the fpace which it originally 
occupied, and that fpace which it fills when expanded ; but 
we cannot fay that this is the cafe with heat ; and it is 
the quantity of heat alone which determines the elaftic 
force. 

We believe that in pra&ice Mr. Hornblower was not able 
to obtain any greater effedl from the application of the ex- 
panfive a&iou in two cylinders, than Mr. Watt did in one 
cylinder. In 1 791-2, he ere&ed an engine in Corn- 
wall, at Tin-Croft mine, of which the large cylinder was 
27 inches diameter, and worked with a ftroke of eight feet 
long, and the fmali cylinder 2 1 inches diameter, working with 
a iix-feet ftroke. The only account we have been able to 
obtain of the performance of this engine, is from a pam- 
phlet publifhed by Thomas Wilfon, an agent of Mefl'rs. 
Boulton and Watt, profeffedly with a view to prevent the 
introdu&ion of Mr. Hornblower's engines into that coun- 
try, in which he makes it appear, that it raifed only 
14,222, 120 lbs. of water one foot high with each bufhel 
of coals. 

In Mr. Hornblower's own account of his engine, in 
Gregory's Mechanics, he informs us, that u an engine was 
ere&ed in the vicinity of Bath, feme years fince, on this 
principle, and under very difadvantageous circumftances* 
The engine had its cylinders 19 inches and 24 inches dia- 
meter, with lengths of ftroke in each fuitable to the oc- 
cafion : viz . 6 feet and 8 feet refpe&ively. The cen- 
denfing apparatus was very bad, tnrough a fear of in- 
fringement on Mr. Watt's patent ; and the greateft degree 
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of Tatuum which could be obtained, was no more than 
27 inches of mercury. The engine worked four lifts of 
pumps to the depth of 576 feet, 4500 lbs. 14 ftrokes in a 
minute, 6 feet each, with a cylinder 6 feet long, and 19 
inches diameter, with a great deal of inertia and friftion 
in the rods and buckets 5 Tome of the latter of which were 
not more than 3$ inches diameter : and this it did, under all 
thefe disadvantageous circumftances, with 70 lbs. of coal 
(light coal) per hour.” 

To reduce this to the ftandard of one foot high, we mull 
put the load 4500 lbs. x 6-feet ftroke = 27,000 lbs. which 
the engine railed one foot high at every ftroke j 27,000 lbi. 
X 14 ftrokes per minute = 378,000^8. raifed one foot high 
each minute; 37 8,000 lbs. x 60 = 2 2, 680, 000 lbs. railed 
one foot high per hour, or with 70 lbs. of coals. As the 
coals are ftated to be light, we will take them at only 
84 lbs. per bulhel, inftead of 88 lbs., as Mr. Smeaton did, 
and fay as 7olbs. : 22 ; 68o,ooolbs. :: 84^8. ; 2 7, 2 16,000 lbs. 
of water raifed one foot high with a bulhel of coals, which 
is a very good performance, but not greater than Mr. 
Watt’s. 

In this engiiie, Mr. Hornblower fays that two remarkable 
circumftances prefented themfelves to {hew the advantages 
of this application of the principle : the one was, that the 
man who attended the engine would fometimes detach 
the fmaller cylinder from the beam, and work only with 
the large one, and then the boiler would fcarcely raife (team 
enough to keep the engine going ; but no fooner was the 
fmall cylinder-rod attached to the beam, than the engine 
refnmed its wonted attivity, and the fteam would blow up 
the fafety-valve. 

The next circum fiance is, that when the detent, which 
kept the exhaufting-valve {hut, happened to mifs its adtion, 
the pifton would be checked, as it were, not being per- 
mitted to rife through the whole of the returning ftroke ; 
and it would, as by an inftru&ive nature, come down again 
and again, until the detent performed its office, which is a 
practical argument for the power of the engine at the ter- 
mination of its ftroke. 

In 1792, Mr. Hornblower made application to parlia- 
ment for an extenfion of the term of his patent, but it was 
not granted: and he was profecuted by MefTrs. Boulton 
and Watt for infringement on their patent in ufing the 
condenfer and air-pump. Wc believe none of thefe en- 
gines have been erefted fince the expiration of Mr. Watt’s 
patent in 1800, until Mr. Woolf took up the fubjedt of 
double-cylinder engines. 

Mr. Woolf'* Double-Cylinder Expanjton- Engine * — In 1804 
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Mr. Arthur Woolf had a patent for improvements in fteam* 
engines. The fpecification of his invention ftates, that be 
has afeertained by a&ual experiment, and reduced to prac- 
tice, the following; particulars refpe&ing the expanfibility 
of fteam. That, in praftice it is found that fteam, add- 
ing with the expanfive force of four pounds preflure per 
fquare inch againft a fafety-valve expofed to the atmofphere, 
is capable of expanding itfelf to four times the volume it 
then occupies, and Hill to be equal to the preflure of the 
atmofphere : that, in like manner, fteam of the force 
of five pounds the fquare inch, can expand itfelf to five 
times its volume ; and that mafles or quantities of fteam of 
the like expanfive force of fix, feven, eight, nine, or ten 
pounds preflure per fquare inch, can expand to fix, feven, 
eight, nine, or ten times their volume, and ftill be refpec- 
tively equal to the atmofphere, or capable of producing a 
fufficient adtion againft the pilton of a fteam-engine, to 
caufe the fame to rife in the atmofpheric engine of New- 
comen with a counterpoife, or to be‘ carried into the vacu- 
ous part of the cylinder of the improved engine, firft 
brought into effedl by Mr. Watt : that this ratio is pro- 
greflive, and nearly, if not entirely, uniform ; fo that fteam 
preffing with the expanfive force of 20, 30, 40, or 50 pounds 
the fquare inch againft a common fafety-valve, will expand 
itfelf to 20, 30, 40, or 50 times its volume ; and that, 
generally, as to all the intermediate or higher degrees of 
elaftic force, the number of times which fteam of any tem- 
perature and force can expand itfelf, is nearly the fame at 
the number of pounds it is able to fuftain on a fquare inch 
expofed to the common atmofpheric counter-preffure ; pro- 
vided always, that the fpace, place, or veflel, in whicn it 
is allowed to expand itfelf, be kept at the fame tempera- 
ture as that of the fteam, before it is allowed room to 
expand. 

Refjpedting the different degrees of temperature required 
to bring fleam to, and maintain it at, different expanfive 
forces above the weight of the atmofphere, Mr. Woolf 
ftates that he has found by adtual experiment, fetting out 
from the boiling point of water, or 21 2° of Fahrenheit, at 
which degree fteam of water is only equal to the preffure of 
the atmofphere ; that, in order to give an increafed elallic 
force equal to five pounds on each fquare inch, the tem- 
perature muft be raifed to about 227^°, when it will have ac- 
quired a power to expand itfelf to five times its volume, and 
ftill be equal tu the atmofphere, and capable of being applied 
as fuch in the working of fleam-engines, according to his 
invention. Various other preffures, temperatures, and ex- 
p an five forces of fteam, arc (hewn in the following table. 


Woolf’s Table of the relative Preffures per fquare Inch : the Temperature and Expanfibility of Steam at Degrees of 
Heat above the boiling Point of Water, beginning with the Temperature of Steam of an elaftic Force equal to five 
Pounds per fquare Inch 5 and extending to Steam able to fuftain forty Pounds on the fquare Inch. 


Pound* per 
fquare Inch. 


Steam of an elaftic 
force predominating 
over the preflure of ^ 
the atmofphere up- 
on a fafety-valve 


8 

9 requires to be 
10 maintained by 

15 a temperature 

20 equal to about 

25 
3 ° 

35 

l 40 


Degrees 
of Heat. 


273 

278 

282 


and, at thefe refpec- 
tive degrees of 
heat, fteam can 
expand itfelf to 
about 


5 

6 

7 

8 

9 

10 

*5 

20 

25 

3^ 

35 

40 


times its volume, and 
continue equal in 
elafticity to the 
preflure of the at- 
mofphere. 
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And fo in like manner, by (mail additions of temperature, an 
expanfive power may be given to fteam to enable it to expand 
to 50, 60, 70, 80, 90, 100, 200, 300, or more times its volume, 
without any limitation but what is impofed by the frangible 
nature of every material of which boilers and other parts of 
(team-engines can be made. And prudence didlates, that the 
expanfive force fhould never be carried to the utmofl which 
the materials can bear, but rather be kept confidcrably 
within that limit. 

Having thus explained the nature of his difeovery, Mr. 
Woolf proceeds to give a defeription of his improvements 
grounded thereon. 

If the engine is conftrudked originally with t*' : intention 
of adopting thefe improvements, it ought to have two fleam- 
cylinders of different dimenfions, and proportioned to each 
other, according to the temperature, or the expanfive force 
determined to be communicated to the fleam made ufe of 
in working the engine ; for the fmaller fteam-veffcl or cy- 
linder mult be a guide for the larger. For example ; if 
fteam of forty pound.; the fquare inch is fixed on, then the 
fmaller cylinder fhould be at leafl one-fortieth part the con- 
tents of the larger one. Each cylinder fhould be furnifhed 
with a piflon, and the fmaller cylinder fhould have a com- 
munication, both at its top and bottom, (top and bottom 
being here employed merely as relative terms, for the cylin- 
ders may be worked in a horizontal, or any other required 
pofition, as well as vertical,) with the boiler which fup- 
plies the fleam ; and the communications, by means of 
cocks or valves of any confirmation adapted to the ufe, arc 
to be alternately opened and fhut during the working of the 
engine. The top of the fmall cylinder fhould have a com- 
munication with the bottom of the larger cylinder, and the 
bottom of the fmaller one with the top of the larger, with 
proper means to opeg and fhut thefe alternately by cocks, 
valves, or any other well-known contrivance. And both 
the top and bottom of the larger cylinder fhould, while the 
engine is at work, communicate alternately with a enndenfing 
veffel, into which a jet of water is admitted to haflen the 
condenfatiou ; or the condenfing veffel may be cooled by 
any other means calculated to produce that effedt. 

Things being thus arranged, when the engine is fet to 
work, fteam of a high temperature is admitted from the boiler 
to adt by its elaftic force on one fide of the fmaller pifton, 
while the fteam which had lail moved it has a communication 
with the larger fleam-veffel or cylinder, where it follows the 
larger pifton, now moving towards that end of its cylinder 
which is open to the condenfing veffel. Let both piftons 
end their flroke at one time, and let us now fuppofe them 
both at the top of their refpc&ive cylinders, ready to de- 
fctrnd ; then the fleam of forty pounds the fquare inch, en- 
tering above the fmaller pifton, will carry it downwards ; 
while the fteam below it, initead of being allowed to efcape 
into the atmofphere, or applied to any other purpofc, will 
pafs into the larger cylinder above its pifton, which will make 
its downward flroke at the fame time that the pi it on of the 
fmaller cylinder is doing the fame thing 5 and while this goes 
on, the fleam which laft filled the larger cylinder in the up- 
ward ftroke of the engine will be palung into the condenfer, 
to be condenfed during the downward ftroke, When the 
piftons in the fmaller and larger cylinder have thus been 
made to defeend to the bottom of their refpedtive cylinders, 
then the (team from the boiler is to be fhut off from the top, 
and admitted to the bottom of the fmaller cylinder. The 
communication between the bottom of the fmaller and the 
top of the larger cylinder is alfo to be cut off ; and the com- 
munication is to be opened between the top of the fmaller 
and the bottom of the larger cylinder* The communication 
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between the bottom of the larger cylinder and the condenfer 
is to be cut off, and the fteam which, in the downward ftroke 
of the engine, filled the upper part of the larger cylinder, 
fuffered to flow off to the condenfer. The engine will then 
make its upward flroke from the preffure of the fteam in 
the top of the fmall cylinder, adting beneath the piflon of 
the great cylinder, and fo on alternately, admitting the fteam 
to the different fades of the fmaller pifton, while the fteam 
laft admitted into the fmaller cylinder paffes alternately to 
the different Tides of the larger pifton in the larger cylinders 5 
the top and bottom of which are at the fame time made to 
communicate alternately with the condenfer. 

In an engine working in the manner juft deferibed, while 
the fleam is admitted on one fide of the pifton into the 
fmaller cylinder, the fteam on the other fide has room made 
for its admiflion into the larger cylinder, on ore fide of its 
piflon, by the condenfation taking place on the other fide of 
the large pifton which is open to the condenfer ; and that 
wade of fleam which takes place in engines worked only by 
the expanfive force of fteam, from fteam palling the pifton, 
is prevented ; for all fteam that paffes the pifton m the lmaller 
cylinder is received into the larger. 

In fuch an engine, where it may be more convenient for 
any particular purpofc, the arrangement may be altered, and 
the top of the fmaller made to communicate with the top of 
the larger cylinder ; in which cafe the only difference will be, 
that when the pifton in the fmaller cylinder defeends, that 
in the larger will afeend, and vice verfd ; which, on fome 
occafion9, may be more convenient than to have the two 
piftons moving in the fame direction. 

Thin engine is exactly the fame in its action as Mr. Horn- 
blower’s, which we have before deferibed. The novelty f con- 
fifts in the application of fteam of a high preffure thereto, and 
in proportioning the capacities of the two cylinders to the ex- 
panfibility of the Ream, according to his table. But Mr. W. 
goes on to ftatc, that effodlual means mull be 11 fed to keep 
up the requifite temperature in all parts of the apparatus 
into which the fleam is admitted, and m which it is not in- 
tended to be condenfed ; and here it may be proper to ftatc, 
that in (lead of the uftial means of accomphfhing this, by 
inclofing them in the boiler, or in a flcam-cafe communi- 
cating with the boiler, a (eparate tire may with advantage 
be made under the fleam-cafe containing the cylinders, 
which in that event will become a fecond boiler, and muft 
be furnifhed vs ith a fafety valve, to regulate the temperature. 
By means of the lafl-mentioned arrangement, the fteam from 
the fmaller cylinder or fteam-meafurer may be admitted into 
the larger cylinder, when kept at a higher temperature than 
the fleam in the lmaller cylinder, by which its power to ex- 
pand itfelf maybe incrcafed ; and, on the contrary, by keeping 
the larger cylinder at a lower temperature than the fmaller, 
its expanfibuity will be leffencd, which, on particular occafions, 
and for particular purpofe6, may be defirable. In every cafe, 
care muft be taken that the boiler, or cafe in which the cy- 
linder is inclofcd, the fteam-pipes, and generally all the parts 
expofed to the adion of the expanfive force of the fteam, 
(hall have a ftrength proportioned to the high preflure to 
which they are to be expofed. 

It is not advif'able that the proportion of the capacity of 
the fmaller cylinder or iteam-meafurer, to the capacity of the 
larger or working cylinder, fhould in any cafe be fmaller 
than the proportion of the expaufion of the fleam which is 
to be ufed in it, as we have ftated 5 yet in the making of it 
larger, confiderable latitude may be allowed ; for example, 
with fteam of forty pounds the fquare inch, a fmall cylinder 
or meafurer of one-twentieth, or even larger, inftead of one 
of fortieth the capacity of the larger or working cylin- 
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der, and fo with fteam of any given ftrength. And in 
many cafes, it may be advifable that this fhould be the cafe, 
becaufc of the difficulty of preventing fome wafte of fteam, 
or partial condenfation, which might lefTen the rate of work- 
ing, if not allowed for in the lizc of the fmall cylinder or 
fteam-meafurer. 

In all cafes when the engine is ready for working, what- 
ever may be the proportion that has been adopted, or in- 
tended to be woi ked with, it fhould have its power tried by 
altering the load on the valve that afeertains the force of the 
fteam, in order that the ftrength of fteam belt adapted for 
the engine may be afeertained, for it may turn out to be ad- 
vantageous, that the fteam fhould be employed in particular 
engines of an elaftic foice, fomewhat over or tinder what 
Was firft intended. 

Mr. Woolf alfo dates, that Mr. Watt’s engines may be 
improved by the application of his difeovery in making the 
boiler, and the lleam-Cafe in which the working cylinder is in- 
clofed, much ftronger than ufual, and by altering the ftruc- 
ture and dimenfiops of the valves for admitting fteam from 
the boiler into the cylinder in fuch a manner, that the fteam 
may be admitted very gradually by a progreftivc enlarge- 
ment of the aperture, fo as at iirlt to wire- draw the ft earn, and 
afterwards to admit it more freely. The reafon of this 
precaution is this, that fteam of luch elaftic force as Mr. 
Woolf propofes to employ, if admitted fuddeuly into 
the cylinder, would {trike the pi (ton with a force that 
would endanger the fafety and durability of the engine. 
The aperture allowed to the valve for admitting (team into 
the cylinder, or cylinders, fhould be regulated by the fol- 
lowing confideration. If the intention is, that the engine 
fhould work wholly, or almoft wholly, by condenfation, the 
iteam, in pafiing into the cylmder, fhould be forced to wire- 
draw itlelf only fo much, that the pilion may perform the 
whole, or a great part of the ftrokc, by the time that the 
intended quantity of Iteam has been admitted into the 
cylinder. For example, when fteam of forty pounds on the 
fquare inch is ufed, fuch a quantity of it mult be allowed 
to enter as (hall be equal to one-fortieth of the capacity of 
the cylinder, and fo ih proportion when fteam of any other 
force is employed ; and when the reqmlite quantity has been 
admitted, the fleam is to be fhuj off till the proper moment 
for admitting a frefh quantity. But if it is intended that 
advantage mall alfo be taken of the elaftic force of the 
fteam acting on one fide of the pilton, while condenfation 
goes on on the other fide, then the fteam mu ft be admitted 
more freely, but ftill with caution at fir ft, for the reafon 
already mentioned. 

This latter is the fame thing as Mr. Watt’s expanfion- 
engine ; but with the addition of gradually diminifhing the 
aperture of the fleam-valve as the pilton defeends, inltead 
of flopping it altogether at a certain portion of the defeent, 
by which means the action of the engine is rendered more 
uniform. We think that, by regulating the defeent of the 
valve by an accurate movement, a very good effect may be 
produced m this manner, without the complication of two 
cylinders or other parts ; the only objedtion is, that if at 
any time the valve fhould be fully opened by accident, the 
preflurc might fuddcnly become fo great, from the ftrong 
iteam adling upon the full furface of the pifton, as to break 
the engine to pieces. 

In 1805, Mr. Woolf took out a fecond patent for further 
improvements, in which he propofes, as before, to apply 
fire to the cylmder itlelf, to heat the fteam after it is thrown 
into the working cylinder ; and this was to be done by a 
fire being placed beneath the cafe containing the cylinder : 
the fpace between the cafe and the cylinder was to be filled 
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with oil, wax, fufible metal, or mercury. He alfo pro* 
pofes a method of preventing the pafLt** of any ©f the 
fteam from that fide of the pilton which is a died upon by 
the fteam, to the other fide, which is open to the con-* 
denfer. In thofe fleam-engines which adl as double engines, 
he effedls this by employing upon, or about the pifton, a 
column of mercury, or fluid metals, in an altitude equal 
to the preflurc of the fleam. The efficacy of this arrange- 
ment will, he fays, appear obvious, from attending to 
what takes place in the working fuch a pifton. When 
the pifton is afeending, that is, when the fteam is ad- 
mitted below it, the fpace on its upper fide being open 
to the condenfer, the fteam, endeavouring to pafs up by 
the fide of the pifton, is met, and efte£lually prevented 
by the column of metal, equal or fuperior to it in pref- 
fure ; and during the down flrokc no fleam can poflibly 
pah* without firli forcing all the metal through. 

In working what is called a fmgle engiue, a lefs confider- 
able altitude of metal is required, bccaufe the fleam always 
adl ; on the upper fide of the pifton ; and in this cafe, oil or 
wax, or fat of animals, or fimilar fubftances in fufficient quan- 
titie. , will anfwcr the purpofe. But care mult be taken, either 
in the double or {ingle engine, when working with this pifton, 
that the outlet which conveys the fteam to the condenfer 
fhall be fo fituated, and of fuch a fize, that the fteam may 
pafs freely, without forcing before it, or carrying with it, 
any of the metal, or other fubftance employed, tlfat may 
have palled by the pilion : and at the fame time pro- 
viding another exit for the metal, or other fubftance col- 
lected at the bottom of the cylinder to convoy the fame 
into a refervoir kept at a proper heat, whence it is to be 
returned to the upper fide of the pifton by a fmall pump, 
worked by the engine, or by fome other contrivance. In 
order that the fluid metal ufed with the pifton may not 
be oxydated, fome oil or other fluid fubftance is always to be 
kept on its furface, to prevent its coming in contadl with 
the fleam : and to prevent the ncccffity of employing a 
Urge quantity of fluid metal, although the pifton muft be 
as thick as the depth of the column required, the diameter 
need be only a little lefs than the fteam-veffel, or working 
cylinder, excepting where the packing, or other fitting, is 
neceffary to be applied ; fo that, in fa6t, the column of 
fluid metal forms only a thin body round the pifton. 

We have feen an engine of an eight-horle power of this 
kind at work, with a fluid metal on the piftons : it effec- 
tually prevented the leakage. But as it required to have 
the cylinders twice as long as ufual, in order to have fuf- 
ficient room for the long or thick piftons which it required, 
and as thefe piftons muft be of confiderable weight, the 
method is not at all applicable in pra&ice ; and, indeed, the 
inereafe of the bulk of the moving parts is fuch as to coun- 
terbalance the advantage, which is confined to the laving of 
fteam by leakage : for the fri&ioo muft be greater than in 
another engine, becaufe the pifton muft be packed as tight 
as ufual, to be able to fuftain a column of fluid metal, 
which muft be more than equal in preffure to that of the 
fteam ; and when the fteam prcfles upon the pifton, the 
preffure of the fluid metal to leak by the pifton muft be 
double that of the fleam : alfo, the friction of fo great a 
furface of fluid metal preffing againft the infide of the 
cylinder is very great. 

In 1810, Mr. Woolf had a third patent, the objedfc 
of which is to prevent the wafle of fleam, from leakage 
by the pifton. For this purpofe, he does not allow the 
ileam to come to the pifton at all, but caufes it to a£t 
in a different veffel, and tranfmits the aCtion thereof to 
the pilion by oil or fluid metal : thus, at the fide of the 
ll 
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cylinder, he places a feparate vefTcl, communicating with 
the lower part of the cylinder by a large pipe or paffage 
from the bottom of each ; then fteam, being admitted into 
this ve/Tel, will prefs upon the furface of the oil or fluid 
metal contained in it, and force the fame to pafs out of that 
veffel into the cylinder, where it will aft beneath the pifton 
to prefs the fame upwards ; a vacuum being at the fame 
time made in the upper part of the cylinder, to give effeft 
to the preffure. The (team is then made to prefs upon the 
upper furface of the pifton, which is always covered with a 
quantity of the fluid ; and at the fame time a vacuum is 
made in the feparate vefTcl, fo as to relieve the furface 
thereof from all preffure : in confequence, the pifton is made 
to defeend. It is evident that the pi (Ion mull be packed 
fo tight as to fuffer none of the fluid to pafs by it ; but this 
is ea(y, in comparifon with the difficulty of making a pack- 
ing fufficiently tight to refill the paffage of fleam, parti- 
cularly when it is fo rare as the expanded fleam which Mr. 
Woolf fometimes ufes in his engine. The feparate veffel 
of which we have fpoken, is in fome cafes to be the jacket 
or fpace which furrounds the cylinder, which is then to be 
open at bottom. 

This contrivance is ingenious, but we think the neceffity 
of an additional cylinder is an objeftion which will prevent 
its adoption in large engines ; and for fmall engines the ad- 
vantages are not fo great. 

Performance of Mr. Woolf's Engines . — Since hi? firft pa- 
tent, Mr. Woolf has erefted feveral (mall engines, which 
performed well, and with an evident economy of fuel. 
But thefe engines being employed to turn mills, of which 
the operations do not afford fo exaft an eftimate of the 
power as the operation of pumping water, Mr. Woolf’s 
engines did not come to a direft and indifputable compari- 
fon with thofe on Mr. Watt’s principle, until 1815, when 
two large engines were fet to work in Cornwall, at Wheal 
Vor and Wheal Abraham mines, for pumping water ; and 
thefe have fince been regularly reported in Meffrs. T. and 
J. Leans reports, of which we have before fpoken, and of 
which one of the objefts was to afeertain the comparative 
merit of the double and (ingle cylinder engines. 

The report for May, 1815, dates the average perform- 
ance of thefe two engines at 49,980,882 lbs. lifted one foot 
high for each bufhel of coals ; and fince that time they 
have done more than 50,000,000 lbs. 

The engine at Wheal Vor has a great cylinder of 53 
inches diameter, and 9-feet ftroke ; and the fmall cylinder 
is about one-fifth of the contents of the great one. The 
engine works fix pumps, which, at every ftroke, raife a 
load of water of 37,982 lbs. weight 7^ feet high, which is 
the length of the ftroke in the pumps. This makes a pref- 
fure of 14. 1 lbs. per fquare inch on the furface of the great 
pifton, and it maxes 7.6 Itrokes per minute. With refpeft 
to its confumption of coals, it railed, in March, 1816, 
48,432,702 lbs. one foot high with each bufhel ; April, 
1816, 44,000,000 lbs. ; May, 1816, 49,500,000 lbs. j and 
in June, 1816, 43,000,000 lbs. 

From the fame reports we learn, that the engine at 
Wheal Abraham mine has a great cylinder of 45 inches 
diameter, working with a 7-feet ftroke, at the rate of 
8.4 ftrokes per minute, under a load of 24,050 lbs., which 
it raifes 7 feet at each ftroke. Its performance during the 
above four months was 50,000,000 lbs. ; 50,908,000 lbs. ; 
in May, 56,917,312 lbs., which, we believe, is the greateii 
performance ever made by a fteam-enginc ; and in June, 
5i,5oo,ooolbs. 

We have before given a fimilar account of Mr. Watt's 
engines ; but at the fame time we muft obferve, that the 
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variation in the performance of different fleam-engines, 
which are conftrufted upon the fame principle, and working 
under the fame advantages, is the fame as would be found 
in the produce of the labour of fo many different horfea, or 
other animals, when compared with their confumptive 
food ; for the effefts of different fteam-engines will vary as 
much from fmall differences in the proportions of their 
parts, as the ftrength of animals from the vigour of their 
conltitution : and, again, there will be as great differences 
in the performance of the fame engine, when in bad or good 
order, from all the parts being tight and well oiled, fo as 
to move with little fridtion, as there is in the labour of an 
animal, from his being in good or bad health, or exceffively 
fatigued j but, in ail cafes, there will be a maximum which 
cannot be exceeded, and an average which we ought always 
expeft to attain. 

Plate V. fig. 3. is a (ketch to (hew the arrangement of 
the valves and cylinders of thefe two engines : A is the large 
cylinder, and B the little cylinder, each luclofed in its (team- 
cafe. The fteam is admitted from the boiler into the (team- 
cafe of the large cylinder A, by a communication at C ; and 
there is a communication between this iteam-cafe and that 
of the fmall cylinder ; fo that all the fleam for the fupplv 
of the engine pafles through both of the fleam-cafes, which 
therefore become part of the communication between the 
boiler and the little cylinder, into which the fleam is firft 
admitted. D furni(hes a communication for carrying back 
to the boiler any water which may be produced by conden- 
fation in the fleam-cafe, before the engine is heated to the 
proper temperature. E is the pipe from the (team-cafe to 
fupply the engine ; it has a regulating-valve. F is the 
valve-box of th. fmall cylinder, the fpindlc of the one valve 
working through that, of the other; and the paffage for 
the fleam from the cafe into the fmall cylinder is (ituated 
between the two valves. G is the valve that opens the 
communication between the bottom of the fmall cylinder B, 
and the top of the large cylinder A, when the pifton 
thereof is to be preffed down. H is the valve that returns 
the fleam from above to below the large pi Ion, when the 
pifton is to afeend. And I is the exhauftion-valve, to 
carry off the fleam to the condenfer. 

When the engine makes its down-ftroke, the upper valve 
at F is opened, and admits the fleam from the cafe to prefs 
upon the fmall pifton, the valve G being opened at the fame 
time, which fuffers the fleam to pafs from the under fide of 
the fmall to the upper fide of the large pilton ; and the 
valve I is opened to make a pallage from beneath the 
great pilton to the condenfer. Thefe three upper valves, 
F, G, I, open at the fame inftant of time. 

When both piftons arrive at the bottom of their refpec- 
tive cylinders, thefe three valves are (hut all together, and 
the lower fleam-valve at F is opened, to return the fteam 
from above to below the fmall pilton ; the valve H doing 
the fame to the large cylinder, and both piftons return in 
equilibrio by the counter-weight ; bi t the upper valve at 
F can be (nut off at any part of the ftroke, according to 
the load of the engine. 

Thofe who are convcrfant with (team-engines will perceive, 
from the paffing of the fleam, as above described, from the 
upper to the lower fide of each of the piftons reipe&ively, 
that the engines at Wheal Vor, and at Wheal Abraham, are 
at prefent working with a fingle ftroke. Were thefe engines 
working double, the (team would, on the down-ftroke, be 
made to pafs, the fame as before deferibed, from the under 
fide of the fmall, to the upper fide of the large pilton, (team 
from the boiler in the mean time coming in upon the fmall 
pifton, and the under fide of the large piiton being open to the 
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condenfcr; but on the up-ftroke, the action would be 
different from what we have defcribed, for the fteam would 
pafs from the top of the fmali cylinder to beneath the large 
piiton, while (team would be admitted from the boiler 
under the fmali piiton, the top of the large cylinder being 
open to the condenfer. 

Mr . Woolfs Boiler for railing Steam of a high Prejfure with 
Safety . — The boilers which Mr. Woolf employs in his en- 
gines are different from thofe of other engines which work 
with fteam of a low preffure, the water being contained 
in feveral cylindrical tubes of cafl-iron, which are filled 
with water, and expofed to the flame nearly in an hori- 
zontal pofition. 

Mr. Woolf has a patent for this boiler, which the lpeci- 
fication Hates to conlift of two or more cylindrical vellels, 
properly connected together, and fo difpofed, as to conili- 
tute a ftrong and fit receptacle for the water intended to be 
converted into Hearn of a temperature and under a preffure 
uncommonly high, and alfo to prefent an extenfive portion 
of convex furface to the current of flame and heated air 
from a fire ; like wife of other large cylindrical receptacles 
placed above the former cylinders, and properly connefted 
with them, for the purpofe of containing fome water and 
the lteam. 

Thefe cylindrical veffels are fet in a furnace fo adapted 
to them, as to caufe the greater part of the furface of 
each of them, or as much of the furface as may be con- 
venient, to receive the direft aftion of the fire, or heated 
air or flame. 

Plate V. Jigs. 4 and 5, reprefents one of thefe boilers 
in its moH limple form. It confiHs of eight tubes, marked 
a 9 made of caft-iron, or any other fit metal, which are 
each connefted with the larger cylinder A, placed above 
them, as is (hewn in the fide view, Jig. 5, in which the fame 
letters ref^r to the fame parts as m Jig. 4. In Jig. 5. is 
alfo (hewn the manner in which the fire is made to aft. The 
fuel refis on the grate-bars at B, and the flajne and heated 
air, being reverberated from the part above the two firfi 
fmaller cylinders, go under the third, over the fourth, 
under the fifth, over the fixth, under the feventh, and partly 
over and partly under the eighth fmali cylindric tube, all 
which tubes are full of water. The direfti *. of the flame, 
until it reaches the laH-mentioned tube, is {hewn by the 
dotted curved lines and arrows. When it has reached that 
end of the furnace, it is carried by the flue, O, to the other 
fide of a wall, built beneath the main cylinder A, in the 
direftion of its length, and the flame then returns under the 
oppofite end of the feventh fmaller cylinder over the fixth, 
under the fifth, over the fourth, under the third, over the 
iecond, and partly over and partly under the firfi, when it 
pafles into the chimney. The wall before-mentioned, which 
divides the furnace longitudinally, anfwers the double pur- 
pofe of lengthening the courfe which the flame and heated 
air have to traverfe, giving off heat to the boiler in the 
paffage, and alfo of fecuring the flanges, or other joinings, 
employed to unite the fmaller tubes to the main cylinder, 
from being injured by the fire. Theends of the fmali cylindric 
tubes reft on the brick-work which forms the fides of the 
furnace, and one end of each of them is furnifhed with a 
cover, fecured in its place by ferews and a flanch, but 
which can be taken oft at pleasure, to allow the tubes to be 
cleared, from time to time, from any incruitation or fedi- 
ment which may be depofited in them. 

To any convenient part of the main cylinder, A, a tube 
is affixed, to convey the Hearn to the Heam-engine. In 
working with fuch boilers, the water carried off By evapo* 
Vol . XXXIV. 
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ration is replaced by water forced in by the ufual means of 
a high-preffure boiler, that is, a forcing-pump ; and the 
fteam generated is carried to the place intended by means 
of pipes connefted with the upper part of the cylinder A. 
In the fpecification, means are pointed out for applying this 
plan to the boilers of fteam-engines already in ufe, by 
ranging a row of cylinders beneath the prefent boiler, and 
connefting them with each other, and with the boiler. 
Direftions are alfo given for conftrufting boilers corn- 
pofed of cylinders difpofed vertically. In every cafe th<* 
tubes compofing the boiler (hould be fo combined and ar- 
ranged, and the furnace fo conftrufted, as to make the tjrc 
and flame aft around and over the tubes, fo as to embrace 
the largeft pofiible quantity of their furface. It mult be 
obvious to any one, that the tubes may be made of any 
kind of metal ; but call-iron is the molt convenient. The 
fizc of the tubes may be varied ; but in every cafe, care (hould 
be taken not to make the diameter too great : for it mu 1 * 
be remembered, that the larger the diameter of any Angle 
tube is in fuch a boiler, the ltronger it mull be made in 
proportion, to enable it to bear the fame expanfive force ot 
fleam as the fmaller cylinders. It is not effential, however, 
to the invention, that the tubes fhould be of different lizes ; 
but the upper cylinders, elpecially the one which is called 
the ft earn- cylinder, fhould be larger than the lower ones, 
it being the refervoir, as it were, into which the lower ones 
fend the fteam, to be thence conveyed away by the fteam - 
pipe. The following general direftions are given refpeft- 
ing the quantity of water to be kept in a boiler of this con- 
ftruftion ; viz . it ought always to fill, not only the whole 
of the lower tubes, but alfo the great fleam-cylinder A, to 
about half its diameter, that is, as high as the fire 13 al- 
lowed to reach ; and in no cafe fhould it be allowed to get 
fo low, as not to keep the vertical necks, or branches, 
which join the fmaller cylinders to the great cylinder, full of 
water, for the fire is only beneficially employed when ap- 
plied, through the medium of the interpofed metal, to water, 
to convert it into fleam ; that is, the purpofe of the boiler 
would in fome meafure be defeated, if any of the parts of 
the tubes which are expofed to the direft aftion of the 
fire, fhould prefent a furface of fteam in their interior, in- 
ftead of water, to receive the tranfmitted heat. This muft, 
more or lefs, be the cafe, whenever the lower tubes, and 
even a part of the upper, arc not kept filled with the 
water. 

Refpefting the furnace for this kind of boiler, it fhould 
always be fo built as to give a long and waving courfe to 
the flame and heated air, forcing them the more effeftuaily to 
ftrike againft the fides of the tubes which compofe the 
boiler, and fo to give out the greateft poflible portion 
of their heat before they reach the chimney. Unlefs this 
be attended to, there will be a much greater watte of fuel 
than neceflary, and the heat communicated to the con- 
tents of the boiler will be lefs from a given quantity of 
fuel. 

When very high temperatures are not to be employed, 
the kind of boiler juft defcribed is found to anfwer very 
well ; but where the utmoft force of the fire is defirable for 
producing the moft elaftic fteam, the parts are combined in 
a manner fomewhat different, though the principle is the 
fame. In the Philosophical Magazine, vol. xvii. p. 40, are 
a defeription and drawing of a boiler of this kind, two of 
which were erefted in 1 803 at Meffrs. Meux’s brewery. 

In every cafe Mr. Woolf ufes two fafety-valves, at leaft, 
in his apparatus, to prevent accidents ; a precaution which 
cannot be too ftrongly enforced, at it may happen, when 
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but one is employed, that by Tome accident it may get 
locked, and the engine and people about it be expoied to 
the danger of an explofion. 

In thofe engines of Mr* Woolf's which we have fecn, he 
employs boilers like the one deferibed, viz. with two fmall 
tubes beneath, which are full of water, and expofed to the 
immediate adiion of the flame, communicating by perpendi- 
cular necks or branches with the large cylinder above, 
which has water in the lower part, and (learn in the 
upper. The only difference from what we have above 
deferibed is, that the lower and upper tubes are placed in 
the fame dire&ion, in 11 cad of being at right angles to 
each other; and the flame proceeds in the dire£hon of 
their length, in Head of eroding them : the lower or water 
tubes arc rather inclined upwards. The metal of thefe 
tubes is made very thick, with a view to ftrength and 
durability. 

The idea of making boilers for raifing ftrong (learn, by a 
number of fmall tubes, which can be made ftronger than 
one large veflel, is not original with Mr. Woolf ; Mr. 
Blakey, of whom wc have before fpoken, having propofed 
it in a fmall tra£l which he publifhed in French, at the 
Hague, in 1776. But his tubes were to be placed over 
each other, in an inclined direction ; and the water being 
admitted at the upper end, ran down within the heated in- 
clined tubes, and became converted into (learn. 

Woolf's Regulating Steam-Valve . — Be (ides the common 
fafety-valvcs, Mr. Woolf has alfo introduced a valve of a 
new conftrudioit into the (team-pipe itfelf, to regulate the 
quantity that (hall pafr from the boiler. In fad, it is a 
felf-ading (leam-regnlator, and extremely ingenious. A 
(Jig. 6.) is a part of the great or (team cylinder of one of 
Mr. AVoolf’3 boilers ; B B, the neck or outlet for the (team, 
furmounted by a fleam-box C, which is joined to the neck 
B B, by the flanges a, a. The top or cover of the (leam- 
box C, marked with the letter D, is well fecured in its 
place, and has a hole through it for the rod of the valve 
to pafs ; and the interior of the hole is formed to a box to 
hold a (luffing, and make the rod work up and down lleam- 
tight ; the Huffing being kept in its place by means of a 
collar, ferewed down in the ufual way, as (hewn in the 
figure. By means of a pin b , and the two vertical pieces r, r, 
the fliding-valve rod is made fall to m, which is a clofe 
cover to the hollow cylinder n n . The cover, mi, fits 
fteam-tight into the conical feat, at the upper end of a 
collar 00, which is made fad to the flange aa y and defeends 
into the neck of the boiler, forming a barrel, in which the 
cylinder fits clofe. The cylinder, n n , is open at bottom, 
having a free communication with the (team in the boiler A ; 
and it has three vertical flits cut through the (ides, one of 
which, S, is (hewn in the plate. The fum of the area of 
all thefe flits or openings is equal to the area of the opening 
of the feat or collar 0 o t in which the cylinder, n m, works. 

When the Hearn acquires a (ufficient degree of elallic 
force to raife the valve, (that is, the cylinder mm, with its 
cover m, and the rod R,) together with whatever weight 
the rod may be loaded, then the openings S, riling above 
the Hearn-tight collar or feat ov 9 allow the Hearn to pafs 
into the (leam-box C, and to flow off to the engine through 
the pipe N. But the quantity of Hearn that paiies is pro- 
portioned to the elailic force it has acquired, and the weight 
with which the valve is loaded ; becaufe the rife of the 
openings, S, above the collar oo t will be in that pro- 
portion. 

This valve may be loaded by applying weights in any of 
the ufual methods ; but Mr. Woolf prefers the one (hewn 
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in the drawing, in which the tipper part of the rod, R, Is 
joined by means of a chain to a quadrant of a circle Q, 
with an arm projefting from it, as represented in the plate, 
for the purpofe of carrying a pendulum weight Z, that ad- 
mits of being moved nearer to or farther from the centre of 
the quadrant, according as the preffurc of the valve is wiffied 
to be increafed or dim ini (bed. 

As the valve rifes, the weight moves upwards in the 
arc mm, giving a continually increafed refinance to the 
farther rifing of the valve, proportioned to the horizontal 
dillance of the weight from the centre of Q, of which the 
weight attains a continual increa(e by its rife in the arc, 
according to the horizontal dillanccs meafured on the line 
Q p> palling through the centre of the weight by per- 
pendiculars from the horizontal line. 

Thus, if the weight Z prefles down the valve w, with 
a force equal to 20 lbs. on the fquarc inch of the aperture 
in oo y in its prefent pofition, when it rifes to the pofitiou 
at i, it will prefs with a force equal to 30 lbs. ; and at p % 
with a force equal to 40 lbs. on the (quare inch ; fo that 
the rod, Z, may be made to ferve at the fame time as an 
index to the perfon who attends the fire, nothing more being 
neceffary for this purpofe than to graduate the arc deferibed 
by the end of the rod Q Z, by experimental trials. In 
the fide of the (leam-box C, there is an opening N, to 
allow the lleam to pafs from it by a pipe to the (team- 
engine. 

It is plain that the adjuftment of the pofitive preffurc on 
this valve can be determined by Aiding the weight, Z, of the 
pendulum to a greater or Ids diflance from the centre of 
motion. Again, to adjufl the rate of the increafing forces, 
fo as to correfpond with the increafing force of the Hearn, 
the radius of the quadrant, Q, mult be apportioned to the 
diameter of the valve, and the opening of the flits S, fo 
that the afeent of the weight, Z, in its quadrant will be cor- 
refpondent to the varying preflure. This adjnllmcnt mult 
be made as nearly as it can be done before the valve is fixed ; 
and to brin^ it afterwards to an exati regulation, the chain 
is attached to the rod, R, by a nut and (crew ; by means of 
which, any part of the arc can be 11 fed that is found molt 
correfpondent with the varying preilurc, becaufe the rate 
at which the rciillance of the lever increafes is more rapid 
when the pendulum is near to the perpendicular, than when 
it approaches the horizontal pofition. 

The fame effect may be produced, by making the flits in 
the fide of the cylinder narrower at the lower part of the 
cylinder, inllead of being parallel. 

Edelcrantz' s Safety-Valve . — The chevalier Edclcrantz 
contrived a fafety-valve, fome years ago, which has the 
fame properties as Mr. Woolf's, and is worthy of notice, 
as being more (imple in its conilrudlioti. A (mall brafs cy- 
linder is fixed on the boiler, and fitted with a piflon, which 
moves with very little friftion, in order that it may defeend 
by its own weight, after it has been raifed up, without, 
however, permitting the Heam to pafs between it and the 
cylinder in any quantity. The lower part of the cylinder 
communicates with the boiler, and the upper part is clofed 
by a fmall cover ferewed on to it, and perforated with a 
hole, through which the pillon-rod paffes eafily. This cover 
ferves the double purpofe of guiding the rod, and pre- 
venting the piflon from being blown out. The piflon-rod 
is furniflied with a (houlder, u hich ferves to fupport dif- 
ferent weights which are placed upon it, and they can be 
changed at pleafure. The fide of the cylinder is pierced 
with holes opening to the air : the holes are very fmall, and 
placed above each other at the diflance of about a line $ but 
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this diftance, as well as the number of them, is a matter of 
indifference. 

To give an idea of the effe& of this fmall apparatus, 
let us iuppofe the piiton lowered, and loaded with any 
weight, and that a fire is kindled under the boiler. When 
the vapour ha9 acquired fufficient elafticity to raife the 
weights, the piiton will afeend ; and having palled the firll 
hole, fome vapour will efcape. 

If this aperture be of fufficient fizc for the palfage of the 
quantity of vapour continually produced, the piiton will 
remain there ftationary, and m a Itatc of ofcillation ; if not, 
it will afeend above the fecond, third, &c. hole ; and if 
the intenfity of the fire is fufficiently ftrong, above the laft, 
which mull be made larger, that, by giving the proper 
means of efcape to the vapour, all accidents may be pre- 
vented. It is here evident, that though the greater or lefs 
elevation of the piiton, as well as the number of the holes 
open, depend on the variations and different intenfities of 
the fire, thefc variation?, however, have no influence on the 
interior heat, and the elafticity of the vapour contained in 
the digeller, fince their force is always proportioned to the 
weight with which the piiton is loaded, and which is con- 
llant. This fafety-pillon feems likely to afford, for delicate 
experiments, greater exadtnefs than the ufual fa fety -valves 
hitherto employed, with levers charged with weights : 
for in the whole courfe of the fpace which the cylindric 
piiton palles over in afeending, the itate of the elafticity 
of the vapour is the fame ; whereas, when the conical 
valve in common ufe is once raifed up, nothing indicates 
whether or how much the prefent Hate of the vapour fur- 
paftes the firll effort it made to open the valve. Befides, 
the diameter of the piiton being once known, the force of 
the vapour requifite for each experiment can be eafily re- 
gulated and determined : if we fuppofc, for example, that 
the lower furface of the piiton is ,' (> tb of a fquare inch, 
each ounce of weight placed on the fhoulder of the pilton- 
rod will be equivalent to the prellure of a pound on each 
fquare inch of the furface, and lo on m proportion. As 
this prellure then remains conltant, the experiment will 
be more determinate, and confequently more comparative. 
The application of t his piiton to the boiler of the fteam- 
engine needs no farther explanation, except that, in this 
cafe, the diameter of the piiton mull be confiderably in- 
creaf d. It feems here to offer the fame advantage of 
greater uniformity in the force of the fteam, elpecially if 
the motion of the piiton be employed to regulate the fire of 
the furnace, and to prevent the ufe lets difperfion of the 
vapour, by preventing an excefs in the intenfity of the fire. 
The following apparatus may be ufed for this purpofe. 
Let the aperture of the flue for the current of air which 
maintains the combuftion of the fuel be provided with a 
rcgitler, which, by riling and falling, will open or Unit 
that paffage of air : if the motion of the fafety-pilton be 
combined by any means with the regilter, in fuch a manner 
that when the former afeends, the latter dclcend6, fo that 
when the pifton is at its greateft elevation, the regilter fhall 
be entirely fhut, it is evident that fince the heat produced 
depends on the accefs of the air, the elafticity of the vapour, 
being determined by the weight on the pifton, will not only 
remain within the bounds preferibed for it, but will regu- 
late itfelf, by preventing any more air from entering the 
furnace than is neceffary to maintain its force, A figure, 
representing this ufeful apparatus more minutely, may be 
found in the 1 7th volume of the Phiiofophical Magazine, 
p, 162. 

Before quitting the fubjeft of double-cylinder engines, 
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we fhall notice fome others befide thofe of Mr. Homblowet 
and Mr. Woolf. 

Meffrs. James and John Roberton had a patent for one 
in 1800. The profeffed object of the double cylinder was 
to fave that portion of fteam, which in the bell conftruftcd 
fleam-engines efcapes pall the fides of the pifton in the 
time of working, and is loft without producing any me- 
chanical efleft whatever. Mr. Roberton’s intention was 
to prevent fo great a quantity of ileam from efcaping, and 
in making the fteam, which a&ually did efcape, aft on 
another pifton, and add to the power of the engine. There 
are two iteam-cylindcrs, with a pifton fitted to each ; the one 
cylinder of a fmaller, and the other of a larger fize. Thefe 
two cylinders adl together in producing the effedt, and are 
furnilhed with a condenfing veiiel and air-pump, fimilar to 
other engines. The fame patent contains the defeription 
of the f moke-burning furnace, which has been very ex- 
tenfively ufed. 

Mr. William Deverell obtained a patent in 1805, for im- 
provements in the fteam-enginc. He propofes to have two 
working cylinders, placed near to one another, each having & 
pipe of communication, with a large veffcl, in which the fteam, 
after palling from the fmall cylinder, is fuffered to expand 
itfelf, before entering the large cylinder. The piilons in 
the two cylinders work alternately up and down by means 
of valves or cocks, opening and (hutting as in the com- 
mon engine. Suppofe the fmall pifton has juft made a 
Itrokc, and a paffage is opened to the fteam-vefld at the 
end of the ftroke ; at firit beginning to work the engine, 
the veffel will be full of fteam of about i81bs. prefture, 
admitted from the boiler, but afterwards will only be 
fupplied by the fteam thrown into it from the fmall cy- 
linder. The vcffcl fhould be about twenty times larger in 
capacity than the fmallelt working cylinder ; and the larger 
it is, the more regular will be the preffure on the great 
pifton, which is worked by the fteam coming from the fteam- 
veffcl. If the lleam in the boiler be of 54^8. prellure per 
fquare inch, the ratio of the two working cylinders may be 
as 1 to 3, for then the fmaller one will fupply the larger 
with fleam of about i8lbs. prefture: the proportion, how- 
ever, may be varied, though thefe are thought bell by the 
patentee. The improvements here are reprelented to confift 
in the fteam going from the fmaller working cylinder to the 
fteam-veffel, and then from the lleam-veffel to the larger 
working cylinder, from which it is afterwards drawn off, 
and condenled. By thefe means the engine will be very 
regular in its operations. Suppofe the fteam in the boiler 
is at 54lbs., the fmaller cylinder will, at the end of the 
ftroke, be full of fteam of the fame or nearly the fame force ; 
and the lleam-veffel being full of the fteam delivered to it by 
the former ftroke of the fmall cylinder, at about i81bs. 
preffure, the communication is opened between this veftel and 
the fmaller cylinder, and the fteam in each of thefe will be 
brought to nearly 2olbs. prefture, which fteam will be ufed 
in the great cylinder at the next ftroke. But at the end of 
each ftroke of the piilons, before the opening is made be- 
tween the fmaller cylinder and the iteam-veffel, the fteam in 
the fmaller cylinder will be, as before Hated, at about 54lb8. 5 
in the iteam-veilel it will be at about iSlbs., and in the larger 
working cylinder at about iSlbs. alfo. Hence the medium 
preffure on the pifton of the fmaller cylinder will be about 
35lbs. on the inch, while the medium preffure of the ileam 
on the pifton of the great cylinder will be about I9lba. on 
the inch ; for it will be about 2olbs. at the beginning, and 
about i81bs. at the end of the ilroke. If the fteam-velfel 
be made larger, the difference at each end of the ftroke will 
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not be fo great. If the fleam was let out at 54^8. from the 
fmaller cylinder to the open air, there would be but 39 lbs. 
upon each inch of the pifton, in confequence of the re-aftion 
of the atmolphere, equivalent to about I5lbs. per inch : thus, 
by letting the fleam pafs from the fmaller cylinder to the 
fleam- vefiel, inf lead of letting it out to the open air, it lofes 
about 4lbs. on the inch of the fmall pifton, but it gains about 
T2lbs. on the inch of a pifton three times as large ; and there 
being but half the fleam required in the common way to 
condenfe, there mull of neccflity be a confiderable gain. If 
the friction and lofs of force be equal to ylbs. on the inch on 
the pifton of the fmaller cylinder, there will be but about 
3olbtt. on the inch neat power, when the larger one will work 
about 1 2lbs. on the inch. Here too, if the large cylinder, 
or pifton, or air-pump, or condenfer, fhould be out of order, 
the fmall pillon may Hill be worked, by difengaging the 
large pifton from the beam : on the other hand, if the fmaller 
pillon be out of order, the large one may fliil be worked, 
while the other is difengaged. The fteam-veflel is to be 
made of wood, that it may tranfmit the heat flowly, and the 
cylinders may be placed within it, if found convenient. 

We have examined two engines of Mr. Devcrell’s which 
worked with great regularity, but the nature of the work 
they were performing did not admit of any accurate efti- 
mate of their power. The quantity of fuel they confumcd 
was but fmall. We are difpofed to think the addition of 
the lleam-veftel for the fleam to expand itfclf in, is advan- 
tageous in regulating the preflurc, provided the heat is kept 
up ; and for this uurpofe, the fteam-veflel in one of the 
engines we fpeak of was inclofed in the boiler, and we think 
would, in that cafe, receive a couftant addition of heat to the 
expanded fleam within it, which we believe is effential to 
all tliele kinds of engines. See the fpecification at large in 
the Repertory of Arts, vol. viii. p. Hi. 

Mellrs. Fox and Lean have alio a patent, dated Dec. 10, 
1802, for improvements on fleam-engines, the principal part 
of which is a double-cylinder engine, very much refcmbling 
thofe which we have deicribcd. See the Repertory, vol. xxiii. 
p. 200. 

Application of Reciprocating Engines to produce a rotative 
Motion for turning Machinery . — We have hitherto conlidered 
the fleam-engine as being confined to the operation of woik- 
ing pumps for raifing water ; except in the flight notice 
which we have taken of the application of the crank to the 
atmofpheric engine. This was a thing fo obvioufly in 
imitation of the foot-lathe, as to be fcarcely conlidered 
an invention ; but the difficulty of applying it to ufe 
arofe from the want of regularity in the aftion of the old 
engine. An engine to work a crank, mu ft at all times 
make exa&ly the fame length of llroke ; and to perform 
well, all thefe flrokes mult be performed in an equal period 
of time. The old engines had very little exaftnefs in 
either of thefe particulars. From the nature of the detent 
which opened the injeft ion-cock, and the great friftion 
of turning it, the degree to which it was opened was not 
conftantly the fame in the fuccceding Itrokes ; and a very 
fmall difference of opening would materially influence the 
quantity of injeftion, and confequently the vacuum and 
velocity with which the pifton would defeend. The boilers 
alfo of the old engines were always made too fmall, fo that 
the leaft alteration in the intenfity of the fire made the en- 
gine vary its fpeed. 

At prefent, in the coal-countries the atmofpheric engines 
are made to work machinery by means of a crank, and per- 
form very well, but they are lightly loaded, and move very 
quickly. The ftcara in the boiler is made much ftronger 
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than formerly, to enable it to fill the cylinder with a fuddert 
puff, and thus to difplace the air and water in an inftant, be** 
caufe the rapid motion of the pifton will not allow fufficient 
time for the difeharging to be performed with weak fleam, 
as is ufual. All thefe circumftances reduce the performance 
of the engine with refpeft to coals, and the confumption 
is very great in comparifon with the work they perform. 
Such engines aft very well when the work or refiftance is 
conftantly the fame throughout the day ; but the engine 
cannot work regularly, except when the counter-weight of 
the connefting rod is equal to half the defeending force of 
the pifton, fo as to make the ftroke upon the crank of equal 
force in afeending and defeending. In breweries, and thofe 
works which demand attention to varying refiftance, this 
cannot apply : for inlLncc, when the machinery for grinding 
is difengaged, or thrown off, if fomething does not operate 
to retard the effeft of the counter-weight, the engine will in- 
crease in its velocity beyond all bounds, fo as to work itfelf 
to pieces ; and as the only remedy is to check the quantity 
of fleam at the returning ftroke, thedifeharge of the air will 
be interrupted, and the engine mufl flop. Mr. Watt’s fingle 
engine accommodates this circumflancc, from the mode of 
dilcharging being couftant, and not poflible to be effefted 
by the work applied to it, whether it be uniform or variable: 
hence, to leflcn the momentum of the counter-weight, it is 
only to check the entrance of the fleam by any contrivance 
that will prevent the valve, which admits fleam to enter above 
the pifton, from opening to its greateft limits. 

Mr. Watt, for fomc years after the firfl introduction of 
his engines, was fo fully occupied in fnbftituting them for the 
large atmofpheric engines at mines, where the expence of 
fuel was threatening to put a flop to their proceedings, that 
he found no leifure for new fpeculations ; and although the 
advantages of applying engines on his principle to aftuate 
machinery had early occurred to him, he did not ferioufly 
fet about reducing his ideas to praftice until the year 1778 
or 1779. In the firfl; model he then made, in order to equal- 
ize the power, he employed two cylinders, aftiug upon two 
cranks fixed upon the fame axis, at an angle of 120° from 
each other, and a weight was placed upon the circum- 
ference of the fly-wheel at an angle of 120° from each of the 
cranks; which weight was to be fo adjufted, as to turn the 
wheel when neither of the cranks could do fo, and confe- 
quently to render the power nearly equal. This model per- 
formed to fatisfaftion ; but Mr. Watt having neglefted to 
take out a patent immediately, the effential part of the con- 
tiivance was communicated, as we are informed in the Edin- 
burgh Review, by a workman employed to make a model, to 
the perfons engaged about one of Mr. Wafhbrough’s engines, 
of which we have before fpoken, and a patent was taken out 
for the application of the crank by the engineer there em- 
ployed. This did not deter Mr. Watt from proceeding ; 
and without attempting to difpute a patent which, fo long 
as it continued attached to the common atmofpheric engine, 
could not rival him, he fet about other modes of effefting the 
fame thing, and took out a patent for feveral new methods 
of applying the vibrating or reciprocating motion of fleam- 
engines to produce a continued rotative motion round an 
axis, one of which was that beautiful contrivance of the re- 
volving motion of one wheel round the other, called the fun 
and planet wheels, from the refemblance to the motion of 
thofe luminaries. Mr. Watt’s patent is dated Oftober 1782, 
and entitled, a new method of applying the vibrating or reci- 
procating motion of fleam-engines to produce a continued 
rotative or circular motion. It contains fix different me- 
thods ; but the two which have been fince brought into ufe 
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arc the crank, and fun and planet wheels. The crank is ap- 
plied in the bed manner to produce a regular motion, when 
a fingle aAing engine is the moving power : this was to ap- 
ply an iron wheel on the end of the axis of the fly-wheel for 
a crank, and with a pin prqje&ing from it, to which the con- 
necting rod is jointed : one half of the wheel is made folid, of 
caft-iron, in order to be heavy on that fide in which the pin 
is fixed, fo as to urge round the fly during the returning 
ftrokc of the engine; the other half of the wheel is made 
light, that it may not oppofe this weight. 

Soon after this patent, Mr. Watt ere&ed fome engines in 
London at the large breweries ; the fir ft was at Mr. Good- 
wyn’s, a fpirited encourager of improvements, and the next 
at Mr. Whitbread’s. A iketch of the latter engine, which is 
flill working, is given in our plate Porter-Brewery, In thefe 
engines he employed the fun and planet wheels, and ufed a 
maflive connecting rod, of fufficient weight to aChiate the 
fly during the returning ftroke, for thefe engines had not 
the advantage of the double adion. 

Doublc-atting Steam-Engines . — The advantage of a double- 
aCting engine, which ftnll urge the machinery equally in 
afivnding and defeending, is obvious. The firft double- 
acting ftcam-engine wa9 propofed in 1779, by ^ r - Falck, 
who publifhed an account and defeription of an improved 
ftcam-enginc, which will, he fays, with the lame quantity 
of fuel, and in an equal fpacc of time, raife above double 
the quantity of water railed by any lever-engine of the 
fame dimensions ; but he docs not appear to have proved the 
affortion, or coullruCtcd oven a working model of his pro- 
pofed engine, which was on Newcomen’s principle. The 
chief improvement which he fuggefts is to uie two cylinders, 
into which the ftcam is alternately admitted by a common 
regulator, which always opens the communication of the 
ftcam to one, whilft it ftiuts up the opening of the other. 
The pilton-rods arc kept (by means of a wheel fixed to an 
arbor) in a continual afeending and defeending motion, in 
the fame manner as the rods of the common air-pump, by 
which they move a common axle ; to which is affixed another 
wheel, moving the pump-rods in the lame alternate direction 
as tlic pifton-rods, by which alternate motions of the two 
piftons the pumps are kept in conftant a&ion. Since the 
improved engines of Mr. Watt have been ir/* educed, this 
method of combining the alternate adlion of two fingle en- 
gines has been applied to work machinery. We have feen 
both the atmofpheric engine and the fingle engine of Mr. 
Watt working in this manner, but his double engine is 
much preferable. Mr. Watt faw that this was neceflary, 
in order to perfe& the application of his ftcam-engine ; he 
therefore applied the power of the fteam to prefs the pifton 
upwards in its cylinder as well as downwards, by forming 
the vacuum alternately above and below the piiton, and the 
counter-weight then becomes unnecefl'ary. The only change 
in the machine befide the arrangement ol the valves and 
their mechanifm, was in applying a double chain to the 
arch-head of the beam, in the fame way that the pumps of 
old extinguilhing engines were worked ; or he employed a 
rack and fe&or at the end of the beam. 

This he called the double engine , as in fa& it doubled the 
power exerted within the fame cylinder. He had long had 
in his mind the idea of this improvement, and had even pro- 
duced a drawing of it to the houfe of commons, in 1774, 
at the time he procured the a& to prolong his original 
patent for 25 years ; but the firft he executed was, we be- 
lieve, at Soho, in the year 1781 or 1782, and the firft public 
exhibition of it at the Albion mills a few years later. 

About the fame period, finding double chains, or racks 
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and feftors, very inconvenient for communicating the motion 
of the beam, he invented and applied what has been called 
the parallel motion , one of the moft ingenious and moft per- 
fect contrivances in mechanics. To prevent irregularities in 
the fpeed of the engine, arifing from variations in the quan- 
tum of power ufed at different intervals in the works to 
which it was applied, he made an application of the centri- 
fugal force of what is called the governor (before ufed 
in wind-mills), to regulate the admiilion of the fteam; by 
this means keeping the engine always at an uniform ve- 
locity, and diminfthing the confumption of fteam, in pro- 
portion to the power exerted. This gave the finifhing 
llroke to the perfeftion of the motion of the machine, ana 
rendered its regularity nearly correfpondent with that of 
the pendulum of a clock. Thefe inventions are detailed, 
among many other contrivances, relative both to fteam- 
engines and the application of their power, in two patents, 
dated 1782 and 1784. Some of theie are highly ingenious ; 
a few may have been firft ideas, not reduced to practice, 
and others were no doubt inferted for the purpofe of guard- 
ing again ft evafion. 

Mejfrs . Boulton and IV alt's Double- A Ring Engine for turning 
Mills . — Plate VI. contains a general elevation of the whole 
engine, and Plate Wl, fig, 1. is a fedtion of the cylinder, 
inclofed in its fteam-cafe or jacket, the outfide of which is 
coated with plafter, to keep in the heat : the internal ftru&ure 
will be described hereafter : a is the pifton-rod, conne&ed 
to the great working beam C B E, by a fyftesn of levers 
b , c , d , m, called a parallel motion, the property of which 
is, that the rectilinear motion of the pifton-rod, a f is pre- 
ferved, though the end, C, of the beam deferibes an arc of 
a circle when it riles and falls upon its centre of motion, B. 
At the oppofite end, E, of the beam is jointed the connecting 
rod D, and at the lower end of this is Mr. Watt’s contrivance 
for communicating the force of the fteam-engine to any ma- 
chine of the rotatory kind. G reprefen ts the rim and arms 
of a very large and heavy caft-iron fly-wheel 5 on the ex- 
tremity of its axis is fixed the concentric toothed wheel H» 
called the fun-wheel. The conne&ing rod, D I, is a ftrong 
and ftiff iron rod, I), of fufficient weight to balance the 
pifton : to the lower end of it, a toothed wheel, I, is firmly 
fixed by three bolts, fo that it cannot turn round. This 
wheel is called the planet -wheel, becaufe it revolves round 
the fun-wheel ; it is of the fame lize and in the fame vertical 
plane with the wheel H, and an iron link or ftrap (which 
cannot be feen here, becaufe it is on the other fide of the 
two wheels) conne&s the centres of the two wheels, fo that 
the one cannot quit the other. The engine being in the po- 
fition represented in the figure, to explain the attion of this 
movement, fuppofe the fly, G, to be turned once round by 
any external force, in the direction from G towards K, it is 
plain, that fince the toothed wheels, being kept together by 
the link, cannot qmt each other, the outer half of the fun- 
wheel (that is, the half fartheft from the cylinder) will work 
on the inner half of the planet-wheel I, fo that at the end 
of the revolution of the fly, the planet-wheel rauft have ar- 
rived to the top of the fun-wheel H, becaufe the circum- 
ferences of the wheels are equal, and the outer end, E, of the 
beam muft be raifed to its higheft pofition. The next revo- 
lution of the fly will bring the planet-wheel, and the beam 
conne&ed with it, to their firft pofitions, and thus every two 
revolutions of the fly will make a complete period of the 
beam’s reciprocating movements. Now, inftead of fuppof- 
ing the fly to drive the beam, let the beam drive the fly, the 
motions muft be precifely the fame, and each afeent or de- 
feent of the pifton will produce one revolution of the fly. 
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For inftance, when the pifton-rod, a 9 is caufed to afeend 
by the preflure of the (team beneath its pifton, it raifes one 
end of the beam and deprefles the other ; and by the com- 
munication of the conne&ing rod D, cauies the planet-wheel 
I, to turn the wheel H, and the fly-wheel, round with a 
double velocity. As foon as the piflon-rod arrives at the 
end of its itroke, it receives a new impulfe, which brings it 
down again, and confequently raifes the connecting rod D, 
and planet-wheel I, fo as to continue the motion of the 
wheel H, and fly-wheel G, always in the lame direction. 
The ufe of the fly-wheel is to acquire an impetus from the 
force communicated to it, at the time that the centre of the 
planet-wheel, I, is on the fame horizontal line with the 
centre of the (un-wheel H, at which time the connecting 
rod exerts all the force of the engine upon the wheel fJ, 
to turn it round. This momentum is preserved by the rapid 
motion of the fly-wheel, which continues to turn all the red 
of the machinery, when the planet -wheel, I, is at the top or 
bottom of its motion, for the centres of the two wheels 
being in a line with the connecting rod, it has no tendency 
to turn them round. 

To deferibe the manner in which the power of the (learn 
is given to the pifton-rod a, we mull turn to the fe&ion 
in Plate Wll.Jig. 1. where A is the jacket or llcam-cafe con- 
taining the cylinder, which is of call-iron, and truly bored ; 
it is ciofed at top by an iron lid /, ferewed on by ferew- 
bolts, palling through a projecting rim or flanch at the top, 
and a limihr flanch is formed at the lower end of the cylin- 
der, to fallen ©n the bottom. In the centre of the top lid 
is a ftufiing-box, /, for holding a packing of hemp, through 
which the pillon-rod, a a 9 pafles, perfectly air and Iteam 
tight : 20 is the pifton, packed with hemp in a channel 
round its edge, fo that the packing lies between its circum- 
ference and the infide furface of the cylinder ; and while it 
can move up and down in the cylinder eafily, it will not 
allow any (learn to pafs by it. The pifton is fitted to the rod, 
a 9 with a cone, and fait keyed in : the cylinder has a flanch 
or projecting ring round it, a little below the top flanch, by 
which it is held into the jacket A, which is conllantly fup- 
plied with fleam from the boiler of the engine, by a fmall 
pipe branching off lrom the lleam-pipe. 

The lleam-pipe cannot be feen in the elevation, except by 
the fmall dark circle near g ; and in Jig. 2. it is marked 21 ; 
it introduces the lleam from the boiler, at all times, through a 
throttle-valve, 25, into a box g 9 called the upper lleam-box. 
In the bottom of this box is the upper llcam-valve, which 
being opened by deprefiing the end of the lever 7, admits 
the fleam into the Ihort pallage 14, which leads to the top 
of the cylinder. A branch, 12, defeends perpendicularly 
from the lleam-pipe, juft before it enters the upper llcam- 
box, and conveys lleam to the lower lleam-box i ; and in the 
bottom of this is a valve, which can be opened by lifting 
the end of a lever, 10, to admit the lleam into the paffage 
15, which leads into the bottom of the cylinder. Thefe two 
▼alves govern the entrance of (learn into the cylinder ; and 
they both open upwards. 

The valves for carrying off the (learn are fituated in two 
other boxes, h and k 9 in which a vacuum is always main- 
tained by their open communication with the condenfcr M, 
by the exhaufting-pipe 13, which defeends from the upper 
box h% and where it paffes by the lower box h 9 has a fmall 
branch leading into it, 

Thefe two exhauiling boxes are fituated immediately be- 
neath the paffages, 14 and 15, which lead to the top and 
bottom of the cylinder, and the exhauftingr valves are fitu- 
ated in the horizontal plate of the partition between the boxes 
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and the paffages, in the fame manner as the ffcam-valves are 
in the partitions between the fteam-boxes and the fame paf- 
fages, as is clearly (hewn i n/j^. 3. On opening the upper 
exnaufting-valve, by deprefiing the lever 8, the fteam from 
the top of the cylinder will be drawn off to the condenfer ; 
or by elevating the lever 9 l jig. 2.), the lower exhaufling- 
valve will be opened, and the iteam will pals off from the 
lower part of the cylinder to the condenfer. 

The fteam and cdudtion-valves, 7, 8, 9, 10, are opened 
and Ihut by the levers called fpanners, whofc handles, 
1 and 2, are alternately moved by the plugs fixed to the 
pifton-rod of the air-pump N, This part of the machinery 
has been called the hand-gear, becaufe it is fo conftru&ed 
that the fteam and edudtion-valves can be worked either by 
the hand or by the pifton of the air-pump. 

The valves are conne&ed in pairs to levers upon the axle 
of the two handles 1 and 2, which are a&uated by the pins 
/ and 24, proje&ing from the rod, /, of the air-pump, and 
the arrangement is this ; the lower fteam-valve 10, and the 
upper exhauiling- valve 8, are connected by rods with levers 
upon the axle of the lower handle 2, and when that handle 
is depreffed it will open both thofe valves at once, to admit 
fteam below the pifton, and exhault it from above, which 
will caufe the afeent of the pifton. A lever and rod 6, 
(fee the elevation) are applied to the axis of this handle, 
with a fuflicient weight in the ciftern to caufe the handle 
to fall and open the valves fuddei.ly ; but when the valves 
are to be kept (hut, the handle, 2, is held up by a catch, and 
detent 3 4, the end, 4, having a hook to receive the catch, 
and detain the handle when lifted up, as m the figure. 

In the fame manner, the upper fteam-valve 7, and the 
lower cxhaulling-valve 9, are united by rods to levers fixed 
upon the axis of the upper handle I ; and when this handle 
is raifed, as in the figure, it opens both valves at once, fo 
as to admit the fteam above the pi II on and exhault it from 
beneath it, as is fliewn by the arrows 111 the ledtion, which 
will caule the pifton to defeend. 

Like the former fpindle, a lever, 5, and rod are applied to 
it, with a weight which will lift up the handle, 1, and open 
the two valves ; but when the handle is deprefied, fo as to 
(hut the valves, it is held down by the catch entering the 
hook, 3, of the detent 3 4. As this detent moves upon a 
centre-pin, it mull be obkrved, t hat when one lever catches 
into the hook it pufhes back the detent, and this motion re- 
lcafes the other catch from the hook at the oppoltte end of 
the detent, fo that moving one handle to Ihut one pair of 
valves releafes the catch, and the weights immediately open 
the oppofitc pair of valves. 

The exhaulling pipc, 13, defeends to the condenfer M, 
which is a cylindrical vellel of call -iron, immerled in the cold 
water of the condcufing ciftern L ; it communicates by the 
valve m 9 with the air pump N, which has valves in its bucket 
opening upwards, and is covered by a lid, through which the 
rod palles m a lluifing-box ; alio at the top of the pump is 
a fliort pipe of difcharge, opening into the hot-well n 9 and 
this has a valve to prevent the return of the air and water 
into the pump. 

Ail thefe parts are exa&ly the fame as thofe of the fingle 
engine, before deferibed, except the injeCtion-cock 16, which 
is conllantly running a fmall jet of cold water into the con- 
denfer, when the engine is at work. There is no neceflity for 
an injection -valve in the double engine, and the ufe of the 
cock is only to regulate the quantity, and to (lop it when 
the engine is not at work ; it is moved by a handle 17, and 
there is a divided plate and index, to (hew the degree of 
opening. 
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The cylinder is bolted down to two flrorig beams, which 
crofs over the top of the condenfing cittern L, and thefe are 
united at the ends to two vertical polls S, which are framed 
into another piece fituated beneath the cittern, and fupported 
upon a pier of brick-work R : by this means the whole 
weight of the water in the cittern is applied to hold the cy- 
linder firmly down. K are beams which fupport the ftrain 
of the beam-centre, by bearing up the floor F, on which 
the centre bearing reits ; and the narrow dark line up the 
middle of the frame K, is a large iron bolt, which ties the 
frame down to the long groundfllls, on which the cittern 
retts, and with which the beam T, for the centre of the fly- 
wheel, is conne&ed by oblique legs and tie-bolts : by this 
means the external walls, W, W, are relieved from any ma- 
terial ttrain occafioned by the working of the engine. X X 
is the ttaircafe to afeend to the beam-floor. The boiler is 
not reprefented, but may be confidered the fame as that of 
the Angle engine. 

Operation of the Double Engine. — Suppofing every thing in 
the poiition of the fe&ion, the operation of the engine is 
as follows. When the water in the boiler is heated by the 
tire made under its bottom, the heat which enters into 
combination with the water caufes it to expand, and form 
tteam : in this ttate it rifes and fills the boiler, and thence 
patting through the pipes 21, enters the upper Iteam- 
box g; it alfo enters between the jacket, and warms the 
cylinder; and by the dcfccnding branch, 12, of the tteam- 
pipe, enters and tills the lower fleam-box i. Before the en- 
gine can be worked, the tteam mutt be heated, until it is ex- 
panded fo much, that it will ruth forcibly out of the boiler 
when permitted. 

The perfon who attends the engine mutt now open all 
the four valves at once, by elevating the handle 1, and de- 
prefling the handle 2 ; this admits the tteam from the boiler 
to pafs through the boxes and the cylinder to the condenfer, 
when it ruffles’ through the pipe, 13, into the condenfer M, 
driving the air therein contained through the valve m, and the 
valves in the bucket of the air-pump, which it opens, and 
pafles into the cittern n , through the difeharge-valve, where 
it is open to the atmofphere, the lid of that cittern being 
only laid on, and not fitting tight. This operation (called 
blowing through) being continued for a few feconds, ex- 
pels all the air from the condenfer, and fills it with hot 
tteam. Ail the four valves arc now clofed* by prclfing 
down the upper handle I, and lifting up the lower handle 
2; and the mjc&ion-cock 16, of which 17 is the handle, 
is opened : this allows a fmaii ttream of cold water from 
the condenling cittern, L, to enter into the condenfer, and 
condenfes the tteam or cools it, when it inttantly con- 
trails into the lame fpace it originally occupied in the 
boiler, before it was heated. As the valve, m 9 clofes, 
to prevent the return of the atmofpheric air, a vacuum 
will be caufcd in the condenfer, becaufe there will be 
nothing in it but that fmaii quantity of water produced 
from the tteam, and the cold water injeiled into the con- 
denfer. 

The engine-man now opens the upper condenfmg valve 8, 
and lower fteam-valve 10, by allowing the lower handle, 2, 
to fall down. The communication to the condenfer being 
thus opened, the mixture of air and tteam in the upper part 
of the cylinder will expand itfelf into the condenfer through 
the paflage 14, and valve 8, by the exhaufting-pipe 13 : as 
it occupies more fpace than it did before, it will be confider- 
ably rarefied, and prefa lightly upon the upper fide of the 
pitton. The ttean: from the boiler entering through the 
open valve, 10, is all the while preffing with its full force 
againtt the lower fide of the piflon, ana will perhaps, now 
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a rarefailion is made above it, overcome the refiftance of 
the work and fri&ion, and caufe the pitton to afeend, the 
air-pump rod and bucket moving with it. When the pin 24, 
upon this rod, reaches the handle 2, it raifes it up, and 
/huts the lower fteam-valve 10, and the upper exhaufting- 
valve 8 ; and by means of the catch prefling back the hook 
at the lower end of the detent 4, it relieves the catch of the 
upper handle from the hook, 3, of the detent ; in conse- 
quence of which, the weight applied to the lever 5, throws 
up the handle 1, and opens the upper fteam-valve 7, and 
lower exh suiting- valve 9, while the hook, 4, of the detent, 
receiving the catch of the lower handle 2, holds it up. 
This is the fituation reprefented in the {edition in Jig . 1. 
The operation is now reverfed 5 the tteam from the boiler 
going through the valve 7, and paflage 14, into the cy- 
linder above the pitton, as fhewn by the arrows, Jig . 1 ; 
and that tteam which is beneath the pitton going through 
the paflage 15, and valve 9, to the condenfer, where the 
tteam will be condenfed, and a vacuum will be formed 
beneath the pitton : the tteam now preffes it down, mov< 
ing the beam, and turning the fly-wheel and other ma- 
chinery which it has to drive. When the pitton is at the 
bottom, the pin, /, on the air-pump rod arrives at the 
handle 1 , and preffes it down ; this rnuts the upper fleam- 
valve 7, and lower exhautting-valvc 9 ; and when they are 
completely ftiut, the catch of the upper handle, in entering 
the upper hook of the detent 3 4, difengages the lower hook 
thereof ; and the weight 6, which is applied to the lower 
handle 2, immediately throws open the lower fleam-valve io, 
and the upper exhaulling-valvc 8 : the fleam entering at the 
lower paflage 15, the pitton will be driven up again. 

At each ftroke of the engine, when the piflon rifes, 
the valve in the bucket of the air-pump will fhut, and 
all the air and water contained above the bucket will be 
lifted through the valve, n, into the cittern or hot-well ; 
at the fame time, a vacuum being made beneath the bucket, 
which is more perfeft than that m the condenfer, the valve, 
m , will be opened by the water and air in the condenfer, 
which will enter the pump. On the defeent of the pitton, 
and air-pump bucket, the valve m, and the difeharging- 
valve, it, will be flint, becaufe the preflure which opened 
them is removed ; and the water and air in the pump preff- 
ing upon the valves in the bucket will open them, and pafs 
through the bucket as it defeends. At its return, it raifea 
and difeharges the waftr and air above it at the valve n 9 as 
before. 

In this manner, when the engine has made two ftrokes, 
all the air which was contained in the cylinder, and mixed 
witli the tteam at the commencement of the operation, 
which was the only part from which it could not be ex- 
pelled by blowing through, will be pumped out. The opera- 
tion of the engine is now more perfect ; the iniiant the ex- 
haufling-valve is opened, fo as to ettablifh a communica- 
tion from the cylinder full of tteam to the condenfer, the 
elaliicity of the tteam caufes it to rufh through the valve, 
down the pipe 13, into the condenfer: when it arrives 
there, it meets the ttream of the injeilion-water, which 
condenfes it, the remaining fleam in the cylinder fol- 
lowing it furprifingly quick ; and in an iniiant, an almoft 
perfeS vacuum is formed in the cylinder, fo that the fleam 
ails with its whole force upon the piflon to give it mo- 
tion, all refi fiance upon the other fide being removed. 

The air-pump has now only to draw off from the con- 
denfer the water inje&ed into it, the water produced by 
the condenfed fleam, and that fmaii quantity of air or 
gas which goes from the boiler with the fleam, and will 
not be conaenfed by the cold water* Thefe are delivered 
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For initance, when the pifton-rod, a> is caufed to afcend 
by the preffurc of the fteam beneath its pifton, it raifes one 
end of the beam and deprcffe 9 the other ; and by the com- 
munication of the conne&ing rod D, caufes the planet-wheel 
I, to turn the wheel H, and the fly-wheel, round with a 
double velocity. As foon as the pifton-rod arrives at the 
end of its tlroke, it receives a new impulfe, which brings it 
down again, and confequently raifes the connecting rod D, 
and planet-wheel I, fo as to continue the motion of the 
wheel H, and fly-wheel G, always in the lame direction. 
The ufe of the fly-wheel is to acquire an impetus from the 
force communicated to it, at the time that the centre of the 
planet-wheel, I, is on the fame horizontal line with the 
centre of the fun-wheel H, at which time the connecting 
rod exert* all the force of the engine upon the wheel H, 
to turn it round. This momentum is preferred by the rapid 
motion of the fly-wheel, which continues to turn all the reft 
of the machinery, when the planet-wheel, I, is at the top or 
bottom of its motion, for the centres of the two wheels 
being in a line with the conne&ing rod, it has no tendency 
to turn them round. 

To deferibe the manner in which the power of the fteam 
is given to the pifton-rod a , we muii turn to the fe&ion 
in Plate VII. Jig. i. where A is the jacket or fteam-cafe con- 
taining the cylinder, which is of calt-iron, and truly bored ; 
it is clofed at top by an iron lid /, ferewed on by ferew- 
bolts, pafling through a projecting rim or flanch at the top, 
and a fimihr flanch is formed at the lower end of the cylin- 
der, to fallen on the bottom. In the centre of the top lid 
is a ftufling-box, /, for holding a packing of hemp, through 
which the pifton-rod, a a> pafles, perfeftly air and lleam 
tight : 20 is the pifton, packed with hemp in a channel 
round its edge, fo that the packing lies between its circum- 
ference and the infide furface of the cylinder ; and while it 
can move up and down in the cylinder eafily, it will not 
allow any fteam to pafs by it. The pifton is fitted to the rod, 
a, with a cone, and fait keyed in : the cylinder has a flanch 
or projecting ring round it, a little below the top flanch, by 
which it is held into the jacket A, which is conftantly ftip- 
plied with fteam from the boiler of the engine, by a fmall 
pipe branching off from the fteam-pipe. 

The lleam- pipe cannot be feen in the elevation, except by 
the fmall dark circle near g ; and in Jig . 2. it is marked 2 1 : 
it introduces the fteam from the boiler, at all times, through a 
throttle-valve, 25, into a box g 9 called the upper fteam-box. 
In the bottom of this box is the upper fteam- valve, which 
being opened by deprefling the end of the lever 7, admits 
the fteam into the Ihort pad age 14, which leads to the top 
of the cylinder. A branch, 12, defeends perpendicularly 
from the fteam-pipe, juft before it enters the upper fteam- 
box, and conveys fteam to the lower fteam-box i ; and in the 
bottom of this is a valve, which can be opened by lifting 
the end of a lever, 10, to admit the fteam into the palfage 
15, which leads into the bottom of the cylinder. Thefe two 
valves govern the entrance of fteam into the cylinder ; and 
they both open upwards. 

The valves for carrying off the fteam are fituated in two 
other boxes, h and 4 , in which a vacuum is always main- 
tained by their open communication with the condenfer M, 
by the exhau (ting-pipe 13, which defeends from the upper 
box A, and where it pafles by the lower box 4, has a fmall 
branch leading into it. 

Thefe two exhaufting boxes are fituated immediately be- 
neath the paflages, 14 and 15, which lead to the top and 
bottom of the cylinder, and the exhaufting-valves are fitu- 
ated in the horizontal plate of the partition between the boxes 
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and the paflages, in the fame manner as the fteam-valves are 
in the partitions between the fteam-boxes and the fame paf- 
fages, as is clearly (hewn in Jig . 3. On opening the upper 
exhaufting-valve, by deprefliug the lever 8, the fteam from 
the top of the cylinder will be drawn off to the condenfer ; 
or by elevating the lever 9 (Jig. 2.), the lower exhaufting- 
valve will be opened, and tne fteam will pafs off from the 
lower part of the cylinder to the condenfer. 

The fteam and eduCtion-valvcs, 7, 8, 9, 10, are opened 
and fhut by the levers called fpanners, whofe handles, 
1 and 2, are alternately moved by the plugs fixed to the 
pifton-rod of the air-pump N. This part of the machinery 
has been called the hand-gear, becaufe it is fo conftru£ted 
that the fteam and eduCtion-valves can be worked either by 
the hand or by the pifton of the air-pump. 

The valves are connefted in pairs to levers upon the axle 
of the two handles 1 and 2, which are actuated by the pins 
f and 24, projecting from the rod, J 9 of the air-pump, and 
the arrangement is this ; the lower fteam-valve io, and the 
upper exhaufting-valve 8, are connected by rods with levers 
upon the axle of the lower handle 2, and when that handle 
is deprdfed it will open both thofe valves at once, to admit 
fteam below the pifton, and exhauft it from above, which 
will caufe the afeent of the pifton. A lever and rod 6, 
(fee the elevation) are applied to the axis of this handle, 
with a fufficient weight in the ciftern to caufe the handle 
to fall and open the valves fuddenly ; but when the valves 
are to be kept fhut, the handle, 2, is held up by a catch, and 
detent 3 4, the end, 4, having a hook to receive the catch, 
and detain the handle when lifted up, as in the figure. 

In the fame manner, the upper fteam-valve 7, and the 
lower exhaufting-valve 9, are united by rods to levers fixed 
upon the axis of the upper handle I ; and when this handle 
is raifed, as in the figure, it opens both valves at once, fo 
as to admit the fteam above the pi It on and exhau (l it from 
beneath it, as is fliewn by the arrows in the feCiion, which 
will caule the pifton to defeend. 

Like the former fpindle, a lever, 5, and rod are applied to 
it, with a weight which will lift up the handle, 1, and open 
the two valves ; but when the handle is deprefled, fo as to 
fhut the valves, it is held down by the catch entering the 
hook, 3, of the detent 3 4. As this detent moves upon a 
centre-pin, it nuift be nblerved, that when one lever catches 
into the hook it pufhes back the detent, and this motion re- 
leafes the other catch from the hook at the oppolite end of 
the detent, fo that moving one handle to fhut one pair of 
valves relcafes the catch, and the weights immediately open 
the oppofite pair of valves. 

The exhdulling-pipe, 13, defeends to the condenfer M, 
which is a cylindrical vcflel of call -iron, immerlcd in the cold 
water of the condenfing ciftern L ; it communicates by the 
valve m, with the air pump N, which has valves in its bucket 
opening upwards, and is covered by a lid, through which the 
rod pafles in a ftufling-box ; alio at the top of the pump is 
a Ihort pipe of difeharge, opening into the hot-well n y and 
this has a valve to prevent the return of the air and water 
into the pump. 

All thefe parts arc exaCtiy the fame as thofe of the fmgle 
engine, before defcribed, except the injeCtion-cock 16, which 
is conftantly running a fmall jet of cold water into the con* 
denfer, when the engine is at work. There is no neceflity for 
an injeCtion-valve in the double engine, and the ufe of the 
cock is only to regulate the quantity, and to flop it when 
the engine is not at work ; it is moved by a handle 17, and 
there is a divided plate and index, to fhew the degree of 
opening. 
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The cylinder is bolted down to two ftrong beams, which 
crofs over the top of the condenfing cittern L, and thcfe are 
united at the ends to two vertical polls S, which are framed 
into another piece fituated beneath the cittern, and fupported 
upon a pier of brick-work R : by this means the whole 
weight of the water in the cittern is applied to hold the cy- 
linder firmly down. K are beams which fupport the ftrain 
of the beam-centre, by bearing up the floor F, on which 
the centre bearing retts ; and the narrow dark line up the 
middle of the frame K, is a large iron bolt, which ties the 
frame down to the long grouudfills, on which the cittern 
retts, and with which the beam T, for the centre of the fly- 
wheel, is connected by oblique legs and tie-bolts : by this 
means the external walls, W, W, arc relieved from any ma- 
terial (train occafioned by the working of the engine. X X 
is the ttaircafe to afeend to the beam-floor. The boiler is 
not reprefented, but may be conlidered the fame as that of 
the Angle engine. 

Operation of the Double Engine , — Suppofmg every thing in 
the polition of the fedtion, the operation of the engine is 
as follows. When the water in the boiler is heated by the 
fire made under its bottom, the heat which enters into 
combination with the water caufes it to expand, and form 
llcam : in this ilate it riles and fills the boiler, and thence 
patting through the pipes 21, enters the upper fteain- 
box g ; it alfo enters between the jacket, and warms the 
cylinder; and by the defeending branch, 12, of the iteam- 
pipe, enters and tills the lower lleam-box /. Before the en- 
ginecan be worked, the tteam mutt be heated, until it is ex- 
panded fo much, that it will rulh forcibly out of the boiler 
when permitted. 

The perfon who attends the engine mutt now open all 
the four valves at once, by elevating the handle I, and de- 
pretting the handle 2 ; this admits the tteam from the boiler 
to pafs through the boxes and the cylinder to the condcnfer, 
when it rulhes through the pipe, 13, into the condenfer M, 
driving the air therein contained through the valve m, and the 
valves m the bucket of the air-pump, which it opens, and 
pafles into the cittern n y through the difcharge-valve, where 
it is open to the atmolphere, the lid of that cittern being 
only laid on, and not fitting tight. This operation (called 
blowing through) being continued for a few feconds, ex- 
pels all the air from the condenfer, and fills it with hot 
tteam. All the four valves are now doled, by prefling 
down the upper handle I, and lifting up the lower handle 
2; and the inje&ion-cock 16, of which 17 is the handle, 
is opened : this allows a fmall ttream of cold water from 
the condenfing cittern, L, to enter into the condenfer, and 
condenfes the tteam or cools it, when it inllantly con- 
tracts into the lame fpace it originally occupied in the 
boiler, before it was heated. As the valve, m, clofes, 
to prevent the return of the atmofpheric air, a vacuum 
will be cau fed in the condenfer, becaufe there will he 
nothing in it but that fmall quantity of water produced 
from the tteam, and the cold water injected into the con- 
denfer. 

The engine-man now opens the upper condenfing valve 8, 
and lower fleam-valve 10, by allowing the lower handle, 2, 
to fall down. The communication to the condenfer being 
thus opened, the mixture of air and tteam in the upper part 
of the cylinder will expand itfelf into the condenfer through 
thepafTage 14, and valve 8, by the exhaufting-pipe 13: as 
it occupies more fpace than it did before, it will be confider- 
ably rarefied, and prefs lightly upon the upper fide of the 
pitton. The Hearn from the boiler entering through the 
open valve, 10, is all the while prefling with its full force 
againft the lower fide of the pitton, ana will perhaps* now 
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a rarefadtion is made above it, overcome the refiftance of 
the work and fridfcion, and caufe the pitton to afeend, the 
air-pump rod and bucket moving with it. When the pin 24, 
upon this rod, reaches the haudlc 2, it raifes it up, and 
Ihuts the lower fteam-valve 10, and the upper exhaufttng- 
valve 8 ; and by means of the catch prefling back the hook 
at the lower end of the detent 4, it relieves the catch of the 
upper handle from the hook, 3, of the detent ; in confe- 
quence of which, the weight applied to the lever y, throws 
up the handle 1, and opens the upper iteam-valve 7, and 
lower exhautting-valve 9, while the hook, 4, of the detent, 
receiving the catch of the lower handle 2, holds it up. 
This is the fituation reprefented in the fedtion in Jig. 1. 
The operation is now reverfed ; the tteam from the boiler 
going through the valve 7, and paflage 14, into the cy- 
linder above the pitton, as fhewn by the arrows, Jig. 1 ; 
and that tteam which is beneath the pitton going through 
the paflage 15, and valve 9, to the condenfer, where the 
flcain will be condenfed, and a vacuum will be formed 
beneath the pitton : the tteam now prefles it down, mov- 
ing the beam, and turning the fly-wheel and other ma- 
chinery which it has to drive. When the pitton is at the 
bottom, the pin, /, on the air-pump rod arrives at the 
handle 1 , and prelies it down ; this fhuts the upper fteam- 
valve 7, and lower exhauft ing- valve 9 ; and when they are 
completely Ihut, the catch of the upper handle, in entering 
the upper hook of the detent 3 4, difengages the lower hook 
thereof ; and the weight 6, which is applied to the lower 
handle 2, immediately throws open the lower fteam-valve 10, 
and the upper ex hautting- valve 8 : the tteam entering at the 
lower paflage 15, the pitton will be driven up again. 

At each ttroke of the engine, when the pitton rifes, 
the valve in the bucket of the air-pump will Ihut, and 
all the air and water contained above the bucket will be 
lifted through the valve, n , into the cittern or hot-well ; 
at the fame time, a vacuum being made beneath the bucket, 
which is more perfedt than that in the condenfer, the valve, 
m, will be opened by the water and air in the condenfer, 
which will enter the pump. On the defeent of the pitton, 
and air-pump bucket, the valve m, and the difeharging- 
▼alve, «, will be Ihut, becaufe the preflure which opened 
them is? removed ; and the water and air in the pump prefix- 
ing upon the valves in the bucket will open them, ana pafs 
through the bucket as it defeends. At its return, it raifet 
and difeharges the watfcr and air above it at the valve *, as 
before. 

In this manner, when the engine has made two ftrokes, 
all the air which was contained in the cylinder, and mixed 
with the tteam at the commencement of the operation, 
which was the only part from which it could not be ex- 
pelled by blowing through, will be pumped out. The opera- 
tion of the engine is now more perfodt ; the inftant the ex- 
hauttmg-valve is opened, fo as to ellablilh a communica- 
tion from the cylinder full of tteam to the condenfer, the 
elallicity of the tteam caufes it to rulh through the valve, 
down the pipe 13, into the condenfer: when it arrives 
there, it meets the ttream of the injection- water, which 
condenfes it, the remaining tteam in the cylinder fol- 
lowing it furprifingly quick ; and in an inftant, an almoft 
perfedt vacuum is formed in the cylinder, fo that the fteam 
adts with its whole force upon the pitton to give it mo- 
tion, all refiftance upon the other fide being removed. 

The air-pump has now only to draw off from the con- 
denfer the water injedted into it, the water produced by 
the condenfed tteam, and that fmall quantity of air or 
gas which goes from the boiler with the fteam, and will 
not be condenfed by the cold water. Thefe are delivered 
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by the air-pump into the hot-well, n , from which the air 
elcapes ; and the water, which ftiil continues hot, runs off, 
when at a certain level, by a watte-pipe, which is not re- 
presented. 

The water which is boiled off in fteam from the boiler, is 
renewed from the hot-well by means of a Small pump, />, 
in the elevation, which draws the water from it by a pipe o , 
conduced up the fide of the great frame K, which {lands 
at the end of the condcnfing cittern L, and Supports the 
bearing for the centre of the great beam. The water is 
conveyed from the pump by a pipe, to a cittern placed at 
the top of a vertical pipe, which defcends into the boiler. 
The top of this pipe is clofed by a valve in the cittern, 
which valve is raifed by means of a lever, and the other 
end has a wire hooked to it, goingthrough a Small ftuffing- 
box into the boiler, where a ttone is hung to it. This ttone 
is balanced by a weight fufpended at the other end of the 
lever, fo that when the ttone is covered with water, the 
weight keeps the valve fliut, and prevents any water get- 
ting down into the boiler ; but as the water finks in the 
boiler by the evaporation, the weight of the ttone overcomes 
the weight, and opens the valve : the water in the cittern 
then runs down the pipe into the boiler, and raifes the water 
therein, and the balance-weight lifts up the ftone, fo as to 
clofe the valve. 

The condenfer being conftantly Supplied with hot fteam, 
which gives out its heat, it would at length render the 
water furrounding it in the ciftern fo hot, that it would 
condenfe no more. To prevent this, it is conftantly fup- 
plied with cold water from a pump O, worked by a rod P, 
from the great beam. The water from the condenfing cif- 
tern runs off by a wafte-pipe at the back of the ciftern, but 
not Seen in the figures. The fafety-valve is contained in a 
fhort pipe fixed upon the boiler, with a lid and a ftuffing- 
box, through which a rod paffes to open the valve within, 
and difeharge the fteam when the engine is not to be worked 
any longer. When at work, the valve is prefled down by 
a lever and weight. If at any time, when the engine is not 
at work, the fteam fhould be heated, fo as to be in any 
danger of burfting the boiler, the valve will lift up the 
weight, and allow the fteam to efcapc through the pipe 
which opens into the chimney. 

Other Particulars of the Double Engine . — Mr. Watt’s 
mode of regulating the engine is a molt beautiful contriv- 
ance, and fo perfed, as to put the fleam-engine on an 
equality with a water- wheel, in the regularity of its motion, 
even when the refiltance is very variable. The throttle- 
valve, which regulates the Supply of fleam, is placed in the 
fteam-pipe at 25 (Plate VII. Jig. 2.) : it is a thin circular 
vane in the pipe, turning on a pivot acrofs its centre, which 
comes through the pipe, and has a Small handle fixed on the 
end of it: by turning this handle, the fpindle and vane 
within the pipe are turned alfo. When the vane is Set, fo 
that its plane is perpendicular to the axis of the pipe, it 
nearly fills the circular paffage, and allows very little fteam, 
if any, to pafs by it ; but when the vane is turned edgeways, 
it prefents a very fmall Surface, and the fteam paffes by 
without obftrudion to the fleam-boxes g and 1. By turning 
the handle of the throttle-valve, the engine-man can at any 
time regulate the Speed of the engine, the fridion of the 
axis being Sufficient to retain it as it is placed. 

This method of regulation is fufficient for many engines 5 
but when the fleam-engine is employed to drive machinery, 
in which the refittance is very variable, and where a deter- 
minate velocity cannot properly be difpenfed with, Mr. 
Watt has applied the conical pendulum, which is represented 
in the elevation (Plate VI.) at bs % for procuring uniform 
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velocity. (See alfo Regulator and Mill- work) This 
regulator has two pendulums, confiding of heavy balls, b 9 j, 
fulpended by iron rods, which move on a common joint, v t 
at the top of the vertical axis tx, which *is put in motion 
by an endlefs rope, q 9 palling round a pulley on the axis of 
the fly-wheel, and round another pulley upon a fmall hori- 
zontal axis, from which, by means of a pair of bevelled 
wheels, r, the motion is communicated to the vertical axis 
tx , which is caufed to revolve, and carry the pendulum 
with it. In this motion, their balls, b and j, deferibe a 
horizontal circle, and the velocity is fufficient to make the 
balls fly out by their centrifugal force, the arms of the 
pendulums moving upon their centres : in this motion, the 
upper ends of the arms nv 9 au, draw down a collar, x, which 
Aides on the fquare part of the axis, and operates on a 
lever x, and by another lever y 9 and rod », communicates 
with the fteam or throttle-valve. The action of this, 
beautiful contrivance is this: as the velocity of the fly- 
wheel increafes and diminiflies with the quantity of fteam 
that is admitted into the cylinder, let us fuppofe that too 
much is admitted ; then the velocity of the fly-wheel is in- 
crcafed, and the velocity of the vertical axis, t. r, will alfo 
increale, and the balls b 9 s 9 will recede from the axis by the 
augmentation of their centrifugal force. By this recefs of 
the balls, the extremity, x 9 o? the lever is deprefl'ed, its 
other extremity rifes, and a6ling upon the lever y , caufes 
the vane of the throttle-valve to prefent more furface, to 
clofe the paffage a little, and diminifli the fupply of fteam. 
The impelling power of the engine being thus diminiflied, 
the velocity or the fly-wheel and the flying balls decreafes in 
proportion, and the balls relume their former pofition, and 
the engine works regularly. 

The advantage of the fun and planet wheels has been 
Hated to confiit in making the fly-wheel revolve with a 
double velocity to that which would be produced by a Am- 
ple crank, by which means a fly-wheel of fmaller dunenfions 
becomes fufficient to regulate the motion of the engine. Of 
late years, this ingenious contrivance has been laid afide in 
favour of the Ample crank, becaule it has been found that 
the cogs of the two wheels, when they become worn and 
loofe, ad with a difagreeable jerk at every change of the 
motion from the afeent to the defeent. As it is in many 
cafes an advantage to make the fly-wheel revolve with a 
double or triple velocity, a large cog-wheel is applied upon 
the axis of the crank, and this turns a pinion of only one- 
half or one-third of the flze, fixed upon the axis of the fly- 
wheel. Here the fame defed of the jerk, by the loofenefs 
of the cogs, will be experienced ; but the wheels being 
larger than can be ufed in the fun and planet wheels, a 
greater number of cogs are brought into adion, and the 
wear upon each will be lefs : alfo, this form of the engine 
can be included in lefs room, becaufe the centre of the large 
fly-wheel may be brought beneath the middle of the beam. 

The power of the engine, when tranfmitted by the crank, 
is extremely variable throughout the different periods of the 
ftroke : at firft beginning, the crank being in a line with the 
conneding rod, the force of the pifton has no adion at all to 
turn the crank 5 but as the crank begins to make a fenfible 
angle with the conneding rod, the force of the pifton be- 
gins to operate upon the crank to turn it round, and this 
with a force increafing with the angle at which the conned- 
ing rod ads upon the crank, until they are at right angles 
to each other ; and then the whole force of the pifton ope- 
rates to drive round the crank. To (hew the increments 
and decrements of this varying force, we have made out 
the following table from a projection of an engine on a 
large feale. 
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A Table (hewing the force which the conneding rod of 
a (team-engine has to turn round the crank at different part 9 
of the motion. The parts of the engine are fuppofed to 
have the following proportions : length of the ftroke, i.; 
length of the beam, 2. ; length of the crank, .5 ; length 
of the conneding rod, 3. 


Decimal Por- 
tions of the 
Defeent of the 
Piflon, the 
whole Defeent 
being 1 . 

Angle between 
the Conneding 
Rod and Crank. 

EfFedive Length 
of the Lever upon 
which the Con- 
neding Rod ads, 
the whole Crank 
being 1. 

Decimal Portion 
Half a Revolution 
of the Fly-Wheel. 

.O 

Degrees. 

180 

.0 

.0 

.05 

> 5*4 

.46 

.128 

.JO 

Hi 

.62 

.158 

•1; 

131 * 

•74 

.228 

.2 


.830 

.271 


117 * 

.892 

.308 

•3 

nof 

.94 

•342 

•35 

104 

.976 

•377 

•4 

9 7 $ 

.986 

• 4 1 

•45 

H 

1. 

.441 

•5 

«54 

I. 

•473 

•55 

80 

.986 

• 5°7 

.6 

75 

.95:6 

.538 

.65 

69 

.92 

.572 

•7 

62^ 

57 * 

.88 

.607 

•75 

.824 

.642 

.8 

49 

.746 

.68 

.85 

42 

.66 

•723 

•9 

34 , 

• 54 s 

.776 

•95 

* 3 * 

•390 

.84 

1.0 

j 

O 

• O 

1. 


(£}* The third column of this table alfo (hews the force* 
which is communicated to the fly-wheel, expreffed in deci- 
mals, the force of the pifton being r. 

The above table explains itfelf by the titles of its different 
columns, and it is only necelfary to remark, that the varia- 
tions of force are not to be considered as an abfolute lofs of 
power, becaule, when the crank has but flight power, on ar- 
riving towards the top or bottom of the ftroke, the pifton 
defeends proportionally flow ; and, in confequence, the 
(team has more time to flow into the cylinder, and prefs 
upon the piilon with a greater power ; therefore, what the 
piiton lofes in force upon the crank, it make 9 up in fome 
degree by an increafe of its force j and, from moving flower, 
it confumes lets fleam than when moving with its whole velo- 
city, and acting with full force upon the crank. Hence 
both the power and velocity of the pifton in the cylinder are 
to be confidered as varying continually ; and if the fly is 
fufficiently heavy, it will be found that the rotative motion 
is very nearly regular, while the afeent and defeent of the 
pifton are accelerated from nothing at the top of the cylin- 
der, to its greateft velocity at the middle, or near the middle, 
and from that point it is retarded till it comes to nothing at 
the bottom of the motion. The table (hews the exact in- 
crements and decrements. 

It has been confidered defirable to have fuch a motion, that 
the power and velocity communicated to the fly-wheel (hall 
be at all times equable and conftant. This was one of the 
firtt attempts to produce a rotatory motion, 39 we have men- 
tioned, by Mr. Fitzgerald, at Hartley colliery, in 1768; 
it has been repeatedly attempted fince that period. The mo ft 
pradicable form in which it has been tried was by Mr. Mat- 
Vox.* XXXIV. 
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thew Murray, who, in a patent dated 1799, for the improve ' 
ment of fteam-engines, deferibes a very ingenious movement 
for the purpofe. The defed of all thefe contrivances for ob- 
taining equal power on the rotative axis is, that the pifton 
muft ad upon it all at once with a hidden (hock, which in 
courfe of time deltroys the beft conftruded mechanifm. 

In the Philofophical Journal is a defeription of a contri- 
vance by Mr. Samuel Clegg, for producing a rotative motion 
from a reciprocating one, which not only flmplifles the ma- 
chine very much, but exceeds the power of the common crank 
one-third, in confequence of its adion being always perpendi- 
cular to the radius of the wheel, which is done by a vertical 
double rack and wheel. The two vertical parts of this 
rack are joined by a femicircle at the top, and both parts are 
teethed on the infide, f© that the teeth of the vertical wheel 
are conftantly in contad with fome of the teeth of the fork 
formed by the two vertical bars and the femicircle unit- 
ing the double racks. The wheel and rack are con- 
ftantly kept in gear by means of a fmall roller, a fliding-bar, 
and a plate, ferving, inftead of a groove, to keep the roller 
from deviation in this way. Although the change from the 
upward to the downward motion of the pifton-rod will be 
gradual, the change from the downward to the upward mo- 
tion muft be inftantaneous ; or at lead the pifton-rod muft 
be brought to reft at once, from an uniform motion down- 
wards, and then receive inftantaneoufly a finite velocity in 
the oppofite diredion. 

A mode of giving a more uniform adion to the 
crank, wa3 attempted in an engine creded by Mr. Horn- 
blower about 1795, at the brewery of Meflrs. Meux and 
Co., where the alternate power of two Angle cylinders was 
applied by chains ading upon circular arcs, at a conftant 
diftance from the centre of the lever ; while the end of the 
lever which was conneded to the crank by the conneding 
rod continually varied in its adion, and confequently in its 
force on the crank, nearly in an equal proportion to the 
alteration of the leverage of the crank. (See the (ketch of 
this contrivance at Jig, 7. Plate V.) The two cylinders A, B, 
of this engine made an alternate adion on a band-wheel, D, 
by means of two chains. The lever which carried the conned- 
ing rod, F, was a wheel fixed on the fame (haft with the band- 
wheel, and had a pin, E, near its periphery, to which the con- 
neding rod, F, was attached. This pin traverfed about 1 20° 
of the whole circle, and may be denominated the end of the 
lever, which, in its adion upward to #, and downward to f t ac - 
Ceded and receded to and from the centre of motion ; and had 
it traverfed through the remainder of the femicircle, it would 
then have prefled on the crank, G, proportionately to the fine 
of every angle it made in its revolution. But confidering the 

S reat preflure on this pin in the crank-wheel, it would have 
emanded a degree of ftrength in that part which would have 
been prepofterous, compared with the reft of the work. 

This engine has its merits and its defeds 5 it is fubjed to 
much more fridion than a double-ading cylinder, by having 
two cylinders and their appendages ; and unlefs the com- 
munication between the cylinders is clothed with the beft 
materials for that purpofe, a great lofs of heat muft enfue ; 
becaufe the furface expofed in two cylinders, compared with 
one double-ading cylinder, is as 2 to 1, and the fridion of 
the piftons will be nearly in the fame proportion. 

The air-pumps in this engine (for it had two, though only 
one condenfer) were worked by a fmall band- wheel, upon the 
fame axis as the great band-wheel D ; and from the oppofite 
(ides of this, the rods, ii, were fufpended by chains. The air- 
pumps were open at top, and the preflure of the atmofphere 
always refted upon their piftons 5 but as the two were ad- 
ing in oppofite directions, they balanced each other as to 
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power : in this the inventor adopted the common double- 
barrelled air-pump of Haukfbec, inftead of the more per- 
fect air-pump of Smeaton, which Mr. Watt employs. This 
engine was confidered of 36 horfes’ power, and for many 
years performed all the work of the brewery. We have 
aifo feen fome fmaller engines built on the fame plan, one of 
them with atmofpheric cylinders. 

It may be confidered as an advantage in this engine, that 
it has a double air-pump, whereas the double cylinder has 
only a Angle air-pump, which draws out the air from the 
condenfer while the pifton is making its afeending ftroke ; 
but during the defeent of the piiton the air-pump is ina&ive. 
We have feen many propofals for double-afting pumps. 

Mr. Murray, in 1801, had a patent for a new air-pump, 
(fee the fpecification in the Repertory of Arts, firlt feries, 
vol. xvi.); but we have not had an opportunity of afeertaining 
the performance of an engine fo conftruCted ; and as the in- 
genious inventor does not now adopt it in the (team-engines 
which he makes, we may prefume it is not of great importance. 

The proportion ufually given to the air-pump of a double 
engine is about two-thirds the diameter of the cylinder, and 
half the ftroke, or from one-fourth to one-fifth the capacity of 
the cylinder : the condenfer is of the fame fize. Whether it is 
owing to the circumftance of the Angle air-pump or not, we 
are unable to determine ; but it appears that double-ading 
engines do not in general produce fo great an effc£t from the 
fuel they confumc as Angle engines of the fame dimenfions. 
In Meffrs. Leans’ reports of the engines in Cornwall, which 
generally contain the accounts of 20 or 25 engines, there 
are feveral enormous double engines for pumping the mines, 
with cylinders of 66 and 65 inches, and four of 63 inches. 
The beft of thefe appear to be on Williams’ mine ; cylinder 
6$ inches diameter, and working with a ftroke of 8 feet 
9 inches, under a preffurc of 16.6 lbs. per fquare inch: it 
works 10 pumps, which are a load of 70,41 1 lbs., at the rate 
of ftrokes per minute, of 6 feet 9 inches each. Its 
performance with refpeCt to coals was, m June 1816, 
30,074,507 lbs. lifted one foot high for each bufhei con- 
fumed. This is a very good performance; but all the other 
double engines are lefs, one of the 63-inch cylinders in 27 
millions, the others 25, 22, 21, and even 17 millions. 

The advantages are all on the fide of the double engine ; 
the diminution of furfacc which is expofed to condenfation, 
the vis inertiae of the parts in motion is much lefs, and the 
friCtion of the pifton is very much reduced, although the 
fri&ion of the joints for communicating the motion mult be 
xncreafed, becaufe they mult be bound tight, fo as to have 
no ftiakc or loofenefs j but this mull be inconfiderable. 

Before quitting the fubjeCt of double engines, employed 
to give a rotative motion to machinery by a crank, we muft 
notice the remarkable difference, (hewn by Meffrs. Leans’ 
reports, between the performance of the fmall engines em- 
ployed in drawing the matter out of the mines, and thofe 
in pumping water. 

We mould think the lofs of power from friction in draw- 
ing up buckets by a rope, could not be greater than the 
fn&ion of pump-buckets, and of the water moving in the 
pipes ; therefore all the difference muft be attributed to the 
application to the rotative motion, and to the fmallncfs of 
the engines : thefe are ufually 14, 16, and 24 inches in 
diameter, but their performance, with refpcCt to coals, is 
only 3, 3!*, 4, and 5 millions. The beft engine they 
have draws only from 9^ to 1 1 million pounds one foot 
high for each buihel of coals, which is only one-third of the 
produce of the beft large engines employed in pumping. 

One of Woolf’s double engines at Wheal Fortune mine, 
in May, 1816, drew only three million pounds one fool high 
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with each bu(hel ; but another at Wheal Vor mine drew 
Ax millions. 

Ejlimatlon of the Force of Steam-Engines in Horfes y Power. 
— The method of exprelling the mechanical power of any 
machine by the weight of water or other matter which it 
will raife to a given height, in a certain period of time, or 
with a given quantity of fuel, is the molt unequivocal cx- 
preffion that can poflibly be obtained ; but a 9 (team-engines 
arc frequently fubltituted in the room of horfes, it has 
been cuftomary to calculate their mechanical energy in 
horfe-power, or to And the number of horfes which could 
perform the fame work. This, indeed, is a very vague ex- 
preflion of power, on account of the different degrees of 
ftrength which different horfes poffefs ; but ftill, when we 
are told that a (team-engine 19 equal to Axteen horfes, we 
have a more diftinCt conception of its power, than when we 
are informed that it is capable of raifing a given number of 
pounds weight through a certain fpacc in a certain time. 

Prior to Mr. Watt’s application of the (team-engine to 
produce rotative motion, the great manufactories of the 
kingdom had their mill-work put in motion by the agency 
of water, of wind, or of horfes ; and the latter had for 
many years been almolt exclufively employed in the 
breweries and diftillerics of the metropolis. It was, there- 
fore, natural for thofe who wilhed to fubilitutc the power 
of (team for that of horfes, to date the number of thofe 
animals, to which the new power, under given conditions, 
ought to be equivalent ; and it is probable that Meffrs. Watt 
and Boulton felt, that fuch a mode of comparifon would 
be more intelligible to common apprehenftons, than a more 
accurate and (cientific formula : it gave the power of an 
engine exprelled in numbers, of which the ordinary ftrength 
of a horfc is the unit. This, no doubt, is not in itfelf very 
exaCt, the unit being large, and fubject to confiderable vari- 
ation. Relative to the purpofe for which it was ufed, it 
was, however, fufficiently correct ; and on this, as on 
many fimilar occafions, a more minute meulurement would 
have been lefs ufcful. But to give this unit ail the accu- 
racy which can be defired, they have affumed, from the re- 
fult of experiments made with the ftrong horfes employed 
by the brewers in London, that the ilandard of a horfe’s 
power is a force able to raife 32,000 lbs. one foot high in a 
minute: and this, no doubt, was meant to include an allow- 
ance of power fufficiently ample to cover the ufual varia- 
tions of the ftrength of horfes, and of other circumftances 
that might affect the accuracy of the refult. In forming the 
eltimate juft mentioned, we think the power of a horfe is 
rated above the ordinary average, a circumftance which can- 
not be complained of by the public, as it tends to reprefent 
the advantage of the engines lefs than it will be found in 
real practice. 

Dr. Brewfter, in his edition of Fcrgufon, ftates that 
Meffrs. W att and Boulton fuppofc a horfe capable of raifing 
32,000 lbs. avoirdupois one foot high in a minute; while 
Dr. Defaguliers makes it 27,500 lbs. and Mr. Smeaton only 
22,916 : if we divide, therefore, the number of pounds which 
any (team-engine can raife one foot high in a minute by thefe 
three numbers, each quotient will reprefent the number of 
horfes to which the engine is equivalent, according to the 
eftimatc of thefe different engineers. We will take, for 
example, an engine having a double-acting cylinder, on Mr. 
Watt’s plan, 24 inches diameter, and which makes 20 ftrokes 
per minute, each ftroke being five feet long, and the force 
of (team being equal to a premire of 10 lbs. per fquare inch. 
Required the number of horfe-power of fuch an engine. 

The fquare of the diameter of the cylinder being multi- 
plied by the decimal number *78541 will give the area of the 
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pifton : thus, 24 x 24 = 576 x -7854 = 452.4 fquare 
inches, which are expofed to the preflure of the fteam. 
Now if we multiply this area by 10 lbs., the preflure upon 
every fquare inch, we fhall have 452.4 x 10= 4524^8. 
the whole preflure upon the pilton, or the weight which 
the engine is capable of raifing with a certain velocity. To 
find this velocity, we fay that the engine performs 20 double 
ftrokes, each of five feet long, in a minute; the pifton 
mu ft, therefore, move through 20 x 5 x 2 — 200 feet in 
the fame time ; and, therefore, the power of the engine will 
be represented by 4524 lbs. avoirdupois, railed through 
200 feet in a minute, or by 9J hoglheads of water, ale 
meafure, raifed through the fame height in the fame time. 
Now this is equivalent to 4524 x 200 = 904,800 lbs. or 
9^ x 200 = 1848 hoglheads raifed through the height 
of one foot in a minute. This is reduced to the horfe-power 
of Meflrs. Boulton and Watt, by dividing by 32,000, their 
eftimate of the horfe-power : thus, 904800 -r 32000 = 28^ 
horfes. 

According to Smeaton, 904800 -f- 22916 =. 39^ horfes. 

According to Defaguliers, 904800 -r 27500 = 33 
horfes. 

In this calculation, it is fuppofed that the engine works 
only eight hours a-day, fo that if it worked during the 
whole 24 hours, it would be equivalent to thrice the num- 
ber of horfes found by the preceding rule. 

Other Conjlrutitons of Mr. Watt's Double Engine. — A great 
mafs of matter mult neceflarily be put in rapid motion at every 
ftroke of the reciprocating engine, and the motion mull he 
ftopped and returned at the end of the ftroke. This is 
an evident difadvantage under which the double engine 
labours ; for though all objection to the reciprocation, on 
account of the irregularity of motion, is done away by 
the application of a fly-wheel, the regularity thus at- 
tained is at the expence of the power, as wc have Ihewn in 
the practical refults of the large engines for pumping, and 
the engines for drawing from the mines. The molt ob- 
vious improvement in this particular, is to lighten the mafs 
of the great working beam, or to difpenfc with it alto- 
gether. The enormous llrain exerted on its arms requires a 
proportional ftrength, and this requires a vaft mafs of matter, 
not lefs indeed (m an engine with a cylinder of 52 inches 
diameter) than three tons and a half, moving with the velo- 
city of three feet in a fecond, which mu ft be communicated 
in about half a fecond, fo that this mafs mult be brought 
into motion from a ftate of reft, and mult again be brought 
to reft, again into motion, and again to reft, to complete 
the period of a ftroke. This confumes much power ; and 
engineers have not been able to load an engine with more 
than 10 or 1 1 lbs. on the inch of the pifton, and pre- 
ferve a fufficient quantity of motion, fo as to make 12 or 
15 feven-feet ftrokes in a minute. Many attempts have 
been made to leilen this mafs, by ufing a light framed wheel, 
©r a light frame of carpentry, in place of a folid beam. 

An example of this is (hewn in the beam of New- 
comen’s engine (Plate II.), a method which was intro- 
duced by Mr. Smeaton ; and another is (hewn in Mr. Horn- 
blower’s (Plate V. Jig. 1.) The form of this beam is fuch, 
that it would be ftronger than a folid beam containing a 
great many times the quantity of timber, as there is fcarcely 
any part of it which is expofed to a tranfverfe ftrain, but 
every piece is either pu(hed or pulled in the direction of its 
length. The only evident improvement of which it ad- 
mits, is to apply a ftrong tie-bolt along the whole length 
of the upper beam ; becaufe when tie-beams of wood are 
ufed, it is very difficult to conneCt the iron ftraps to the 
jends of them in fuch a manner, that they will not become 
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loofe in time. This is an obje&ion to framed working 
beams, for although they are abundantly ftrong at firft, 
yet, after being fome time employed, the ftraps and bolts 
with which the wooden parts are connected, cut their way 
into the wood, and the framings become loofe in the joints, 
and, without giving any warning, are liable to break to pieces 
in an inftant. A folid mafly Ample beam of fufficient 
ftrength bends, and fenfibly complains, (as the carpenters 
exprefs it,) before it breaks. In all great engines, there- 
fore, Mr. Watt at firft employed fuch folid beams as were 
found the molt durable, and leaft likely to break in a long 
courfe of work. 

They were fometimes ftrengthened, in a very Ample and 
effective manner, by placing a king-poft perpendicular to 
the length of the beam, over its centre, and extending iron 
tie-bolts from the top of the king-poft to the two extre- 
mities of the beam, fo that the beam thus framed forms a 
triangle, of which the beam is the bafe, the king-poft the 
perpendicular, and the iron ties the Tides* meeting the per- 
pendicular at the vertex of the triangle. 

This was an expedient generally reforted to, when the 
beam was found to yield from a long continuance of the aCtion . 
There is, perhaps, no example, except the inaft of a (hip, in 
which a piece of timber is expofed to fuch a fevere ftrain as the 
beam of an engine, becaufe it is neceflarily made as fmall as 
poflible; and it is relieved from the ftrain 15 or 20 times 
every minute, fo that all the fibres are tried to the utmoft : 
we accordingly fee old beams, full of cracks lengthwife 
from the fibres, feparating laterally, and after this the beam 
lofe8 its ftrength. 

Of late years, wooden beams have been altogether difufed, 
and caft-iron beams fubftituted. We have already deferibed 
the mode of making the beam for the largeft; engines, b r 
two plates or flitches put together parallel, and leaving a 
fpace between them. For double engines, which are not 
of the very largeft dimenlions, it is ufual to have the beam 
call in one piece, of a form bell adapted to give the greateft 
ftrength in the leaft weight. (See Plate IX. Steam-Enginc 9 
Parallel Motions.) The extremities of the beam are turned in a 
lathe to form cylindrical pins, and upon thefe pins arc fitted 
fockets or pieces, which have other pins projecting from them 
to form the joints of the parallel motion and connecting rod; 
fo that when the fockets are fixed on the ends of the beam, the 
pins will projeCt from the beam in a direction perpendicular to 
its length, and parallel to its axis of motion. There arc two pins 
thus projecting from each end of the beam, that is, one pin oil 
each fide of the fockct : the two links of the parallel motion 
are fitted to the two projecting pins at one end, and the 
double joint of the connecting rod is fitted on the two pins 
at the other end of the beam. The advantage of this con- 
ltruCtion is, that the joints at the ends of the beam become 
univerfal joints, having liberty of motion in all directions: 
thus, in the direction in which the joints of the parallel 
motion and connecting rod arc required to bend for the mo- 
tion of the beam, as Ihewn in the figure, the motion will be 
upon the projecting pins of the fockets; but if, from the axis 
of the beam not being rightly placed, or from any other caufe, 
a lateral flexure is required in the motion of the beam, the 
fockets of the joints will turn a little Tideways upon the end 
of the beam, and allow the deviation, without any ftrain on 
the moving parts : were it not for this contrivance, the 
fmallcft poflible deviation from the perpendicular direction 
of the cylinder would caufe a great friCtion in the ftufiing- 
boir and joints. In Mr. Murray’s belt engines, the crank- 
pin is alk> jointed to the connecting rod by a univerfal joint* 
See Plate Vlll. fa. 

All the joints of the parallel motion, the connecting rod, 
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and crank, in fhort, all the moving joints of a double 
engine, muft be fitted with brafs fockets, which can be 
tightened round the pivots, fo as to prevent all (hake or 
loofenefs, which, in an engine that works both in amend- 
ing and descending, would be deftruftive of its aftion. The 
two great links of the parallel motion are each compofed 
of a ftrap or loop of iron, bent fo as to make a double link, 
in the upper bend of which are two brafTes for the pivots 
at the end of the beam, and at the lower end are two others, 
for the pivots which project on each fide from a locket, 
which is fixed on the top of the pifton-rod. The bralles 
of the latter joint arc held in by wedges, or crofs-keys, 
put through the two links at the lower end, fo that by 
driving the wedges farther, the bralles can be drawn tight 
at pleafure. The two infide bralles, that is, the lower 
brafs of the upper joint, and the upper brafs of the lower 
joint, are kept extended to their proper diltance by a piece 
of wood, or a light frame of iron, fitted in between them. 

But we have not yet fatisfaftorily explained the aftion 
of the parallel motion. It is plain that the pifton-rod muft 
afeend and defeend in a perpendicular right line, and alio 
that the end of the beam muft afeend and defeend in the 
arc of a circle. When the beam rifes into the pofition of 
Plate VI. from a horizontal one, it gives the pifton-rod a 
tendency to move from its perpendicular towards the centre 
of the beam, which muft move towards it, was not the link, 
b 9 attached to the beam and pilton-rod by flexible joints ; 
and while the lower end of the link, b 9 rifes, the end of the 
bar or lever m, dotted, which is moveable on a fixed centre 
m 9 alfo rifes at the fame time, and the angle between m 
and c increafes, and likewife the angle between b and c in- 
creafes (lowly ; fo that the vertex of the angle between 
b and c would move towards B, if the bar, m> was not con- 
fined to move round the fixed point or centre m, while the 
other end rifes along with the rod c . While m , therefore, 
rifes upon its centre, the adjoining bar, d 9 moves round the 
joint at its upper end, and draws c f and the lower end of b, 
from the centre of the beam, the angle between d and c 
increafe 9 , and the joint between d and c recedes from the 
centre of the beam ; and as it cannot approach nearer to the 
joint between b and c 9 becaufe of the rod r, it keeps a 9 and 
the bottom of b 9 in a perpendicular pofition ; fo that what- 
ever tendency the joint between b and c has to approach 
towards the centre of the beam by the increafe of the angle 
between b and c 9 is correfted by an equal tendency of the 
lever, m, to draw the angle between d and c in a contrary 
direftion ; but as the beam, B, falls into a horizontal pofi- 
tion, all thefe motions are reverfed. In adjuliing the parallel 
motion for work, when the pifton-rod, a 9 is found to rub 
molt upon the fide of the collar of the ftuffing-box neareft 
to m , the fixed centre point, m t muft be fhifted a little in 
the contrary direftion, viz. to remove it nearer to the centre 
of the beam, and in an oppofite direftion if it is found to 
rub on the other fide. 

That the nature of this parallel joint may be better 
underftood, it is proper to obferve, that all the bars which 
have been mentioned are made double, which cannot be 
(hewn in the figure, and that the two levers, m 9 m 9 are 
placed at a fufficient diftance afunder to allow the links b> 
and the rods r, to defeend between them. 

Of late years, the framing for the fupport of the engine 
has been wholly made of caft-iron. A very good form is to 
make the ciftern, L, of caft-iron, all in one folid piece, and 
to fix the cylinder A upon it with four feet : a fingle column 
is then erefted upon the end of the ciftern L, to uipport the 
centre of the beam : the fly-wheel is fupported by fmall 
caft-iron ftandards rifing from the ground ; and the centre of 
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the lever m, of the parallel motion, is fupported by a fmaii 
bracket or ftandard erefted from the flanch of the cylin- 
der. By this arrangement, all the parts of the engine arc 
fo united, that they cannot deviate in the leaft from their 
pofition, unlefs the parts are aftually broken. An engine on 
this plan is fully defcribed in the Britilh Encyclopaedia, vol. vi. 

The engine represented in Plate VIII. Jig. 4. is perhaps 
the molt complete of all. It is of the form in which 
MefTrs. Murray and Wood conftruft their engines, when 
they are not of a very large power. 

Steam-Engines without B earns . ~ Thefe have been made in a 
variety of forms. The fimpleft of all is to conneft the pifton- 
rod at once with the connefting rod, and to place the crank 
over the centreof the cylinder : the pifton-rod muft be guided 
by a parallel motion, or by Aiders. The objection to this 
is, that the fly-wheel becomes elevated to too great a height 
for the communication of its motion, except in very par- 
ticular circumltances, without fhortening the connecting 
rod, which occafiona the irregularity of the aftion of the 
crank to be greater than that of our table, in which 
the length of the connefting rod is fuppofed to be fix 
times that of the crank, or three times the ftroke of the 
engine, as a fh >rter cannot be made to work well. There 
is alfo a difficulty in balancing the weight of the pifton- 
rod, connefting rod, and crank, and in giving motion to 
the air-pump. The balance-weight is ufually placed on the 
rim of the fly-wheel ; and the air-pump is either worked 
by a fecond fmaller crank upon the axis of the fly-wheel, 
or by a (hort beam. 

Engines of this kind are frequently placed with the 
cylinder horizontally, and for fmall engines this anfwerc 
very well ; but in large ones, the weight of the pifton 
afting always at one fide wears the cylinder irregularly- 
Mr. Murray included this plan in his patent of 1799, 
which we have before mentioned, for producing the rotatory 
motion without a crank ; and he propofed to place rollers 
in the pifton to bear it up. 

Steam-engines with horizontal cylinders are ufed with 
the greateft advantage in fteam-boats, as they can be made 
to lie low beneath the deck of the boat. Mr. Symington, 
we believe, firft introduced this plan. 

We have feen feveral engines working without a beam, 
in which the crank was placed immediately over the cy- 
linder, and with the axis of the crank little more than its 
length above the top of the cylinder. For this purpofe, 
the pifton-rod is prolonged upwards to a length of three 
or four times the ftroke of the engine, and the top is guided 
in a groove, or by a friftion-wheel : near the upper end of 
it is jointed the connefting rod, which defeends down to the 
crank-pin, fituated behind the rod, and as clofe above 
the cylinder as it can turn round clear of its top. By 
this means, the afeent and defcent of the pilton-rod pro- 
duce the rotation of the crank, the lateral deviation of the 
crank from the perpendicular being allowed for in the 
angle which the connefting rod makes with the prolonged 
pifton-rod. 

In this way the crank muft be placed behind the pifton- 
rod, or out of the line of it ; but it is not then thought to 
work fo well. 

To remedy this the crank is made double, and the pro- 
longed pifton-rod has an opening in it for the crank-pin to 
pafs through, and a connefting rod is placed on each fide 
of the pifton-rod, fo that it is worked between the two. It 
is evident that the opening through the pifton-rod muft be 
a groove, equal in length to the ftroke of the crank, fo 
that the whole of the motion of the crank-pin, from one 
fide to the other, can be admitted in the opening, without 
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influencing the pifton-rod, except in its perpendicular afeent 
and defeent. 

The groove mutt fie made wide, fo that the pin cannot 
touch the fide.? of it. The pin is always retained in the middle 
©f the groove by the conne&ing rods, of which there is one 
on each fide, extending from the crank-pin to the top of 
the rod, which is prolonged in the line of the pifton-rod, 
and is part of the frame forming the opening through 
which the crank-pin pattes. It is evident, that in this way 
the opening cannot be a Itraight line, but mult be formed 
to a portion of a circle, of which the centre is the joint that 
unites the connecting rods with the rod which prolongs the 
pilton-rod, and in a Tine with it. 

Another plan for applying the connecting rod immediately 
to the pifton-rod, without the intervention of a working 
beam, is to have the axis of the crank placed immediately 
beneath the cylinder bottom, and a crank formed on it at 
each fide : a crofs-bar is placed upon the top of the pifton- 
rod, long enough to reach over beyond the Dandies 
of the cylinder ; and from each end of it a connecting rod 
is fufpended, the lower ends of which rods are jointed to 
the two cranks before-mentioned. This arrangement is, 
perhaps, the belt of its kind, becaufe the connecting rods 
are of a confid w rable length, without taking up any room. 

Mr. Maudfluy, of London, had a patent in 1807 for an 
engine of this kind, of which he ha? cnnflruded a great 
number. Plate Will. Jig. 3. is a (ketch of one of thefe. 
The fpccification ftates the invention to confilt in reducing 
the number of the parts of the common fteam-engine, and 
fo arranging and connecting them, as to render it more 
compaCt and portable, every part being fixed to, and fup- 
ported by, a ftrong frame of cait-iron, perfectly detached 
from the building in which it ftands : it is not, there- 
fore, liable to be put out of order by the finking of the 
foundations. A is the cylinder, placed upon a frame of 
cait-iron plates B, B, which, at the fame time that it ele- 
vates the cylinder to a fufficient heght, forms the fupport 
for the axis of the Dy-wheel D D. This axis has two cranks 
formed in it. E is one of the connecting rods, which, as 
before-mentioned, extends from thofe cranks up to the ends 
of the crofs-bar, which is fixed at the top of the piilon-rod, 
and which is guided in its afeent and defeent by friCtion- 
wheels R, fitted upon it, and running in grooves N, N, formed 
in iron frames, which are placed in a perpe ndicular fituation 
above the cylinder, and fupported by alight iron framing O. 
Beneath the great frame, B, are placed two circular ciiierns 
F, G, communicating by a pipe, which are for the condenfing 
water: one has the cold-water pump in it, and the other 
contains the air-pump and condenfer. Thefe two pumps are 
worked alternately from the oppofite ends of a fhort beam, 
H I, {Jig. 5. ) placed beneath the cylinder, and put in motion 
by a fmall crank, or excentric circle, which is formed on the 
axis of the cranks, in the middle between the two cranks, 
and ads in a groove or opening made in a projecting arm, K, 
of the beam, a fmall parallel motion being applied to that end 
of the beam which works the air-pump. Inllead of valves 
for fuppiying fteam to the cylinder, a fmgle cock, with four 
pafTages in it at L, performs the office of all the four valves : 
the lever of the cock is worked by a rod of communication 
from a handle, which is moved up and down every broke 
by the rod of the air-pump. 

The condenfer is a hollow cylinder, and the air-pump is 
placed within it, fo that there is no neceflity for a pipe of 
communication from the air-pump to the condenfer : a 
fmall cittern, r, is fix^d over the pump, to form the hot-well, 
and the difeharge- valves of the pump are made in its lid or 
cover, and therefore in the bottom of the cittern. 
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A very ingenious method of converting the reciprocating 
motion of the pifton-rod at once to a rotatory motion 
is represented in Plate IX. Jig. 5. Parallel Muttons, A 
toothed wheel, C, of a diameter equal to half the ftroke 
of the engine, is made to roll round withm a ring or fixed 
wheel A, having interior cogs and being of a diameter equal 
to the whole ftroke, or twice as great as the internal rolling- 
wheel C, which is carried round m a circular orbit, fo as to 
work in the cogs of the ring, by having the crank-pin, R, for 
its centre of motion. By this means, every half turn of the 
crank will produce half a revolution of the centre of the 
fmall wheel in its orbit ; and as it is all the time engaged 
by the cogs of the ring, it makes, during this motion, a 
whole revolution upon its own centre. The confequence 
of this is, that a point taken in the circumference of the 
fmall wheel, will travel up and down, acrofs the centre of 
the interior ring, in every revolution of the fmall wheel in 
its orbit ; that is, it will dtferibe a right line, which is a 
diameter of the ring. A pm, F, being placed in a proper 
point of the circumference of the fmall wheel, and the top 
of the pillon-rod being attached to it as it afeends and 
delcends, will produce a rotation of the crank, upon the 
axis of which the fly-wheel is fixed. 

This parallel motion is deferibed in the article Parallel 
Motion. It has been employed by Mr. Murray in many 
of his engines : the objedion to it is, that the cog3 in time 
grow loofe, and it then makes a very unify and un Ready 
motion. 

Bell-Crank Engine . — This is a very compad form of the 
fteam-engine, which Meflrs. Boulton and Watt began to 
make foon after the expiration of their patent. 

The cylinder is fupported by brackets from the cait-iron 
condenfing cittern, and is placed over one end of it. The 
beam is formed like a bell-crank, that is, a right-angled 
triangle, the centre of motion being at the right angle, and 
the axis of it is fupported by bearings ferewed to the 
cittern at the lower fide : and at the end oppofite to 
that upon which the cylinder is placed, the horizontal arm 
of the triangle forms the working arm of the beam, to the 
extremity of which the power of the cylinder is applied. 
At the upper -end of the perpendicular arm the end of the 
conneding rod is jointed, and extends to the crank, which is 
fupported in bearings ferewed to the cittern at the fame 
end at which the cylinder is placed, the centre of motion 
being at the lame level with the top of the cittern ; and 
beneath the cylinder, the hypothenufe of the triangle of the 
beam forms a brace to ftrengthen it. Two of thefe beams 
are ufed, and are applied on oppofite Tides of the cittern, 
upon the fame axis of motion, and are united together by 
crofs rods, fo that they move together in the fame manner as 
if they were one. There are, therefore, two conceding 
rods and two cranks ; but they are formed upon one com- 
mon axis of motion, which is prolonged, to carry the fly- 
wheel. To conned the pifton-rod with the ends of the 
arms of the beam, or what we have called the bafe ot the 
right-angled triangle, a rod is fixed upon the top of the 
pilton-rod, acrofs the fame, at right angles ; and to the two 
ends of this two rods are linked, which defeend to the 
beam, and are jointed to it at the ends. By this means, 
the afeent and defeent of the pifton-rod produce a cor- 
refponding motion of the beam upon its centre of motion, 
and the upper end of the perpendicular arm moves back- 
wards and forwards, and by means of the conneding rods 
turns the cranks. The perpendicular arms of the beam are 
fhorter than the arms to which the cylinder-rods are at- 
tached, fo that the motion of the conceding rods, and the 



132 

fweep of the cranks, are lefs than in an engine where the 
arms of the beam are equal. 

The rods which defeend from the bar which is fixed 
acrofs the top of the pifton-rod to the ends of the beams, 
are of fuch lengths, that the obliquity which is occafioned 
by the circular motion of the ends of the beams is fmall, 
and the engine does not require any parallel motion to keep 
the pifton-rod perpendicular. The fame of the air-pump, 
which is placed in the middle of the cittern, and is worked 
by two rods jointed to the horizontal arms of the beams, at 
half the diltance from the centre of motion at which the 
cylinder-rods are applied. 

In thefe engines, valves are not ufed for admitting and 
taking away the fteam from the cylinder ; but to perform 
this office, a Aider, invented by Mr. Murdoch, and repre- 
fented in Plate VII. Jig . 9, is ufed : the motion is com- 
municated to the Aider by an excentric wheel or rim, fixed 
on the fly-wheel. The bell-crank engine is very compact, 
and is well adapted for temporary ufe, as it {lands wholly 
upon the cittern, and requires no fixing. Wc have feen 
it ufed in a fteam-boat. 

Different Methods of admitting Steam alternately into the 
Top and Bottom of the Cylinder . — The arrangement of the 
four valves invented by Mr. Watt has been deferibed. 
This is now almott univcrfally laid afide, in favour of 
more Ample contrivances, though we think there is not 
any method fo complete in its a&ion, or fo durable. For 
large engines, four feparate fpindle-valves are ttill ufed ; but 
the method of lifting them is changed, the fpindle of one 
valve being formed like a tube, for the fpindle of the other 
to pafs through. This plan is deferibed in the fpeciiication 
of Mr. Murray’s patent of 1801, the fame which was for the 
improved air-pump. 

The arrangement of the pipes and paflages is the fame, 
and the valves are fituated in the fame places ; but the 
boxes which contain them, in (lead of being fquare, are 
cylindrical, and the fpindles of the valves are placed con- 
centric with the axis of the cylindrical box. The fpindles 
of the two fteam-valves are perforated through the centre, 
in the manner of tubes, and rife through a ttuffing-box 
in the top of the box, and levers are there applied to 
lift them, inttead of the lever or fe&or within the box, as 
deferibed in the firft engine. Through the tubular axis of 
the upper valves a fmall rod is conducted, which forms the 
fpindles of the lower valves ; and this junction is made 
tight by a ttuffing-box formed at the top of the tubes. 
The operation of the valves is in every refpedt the fame as 
the former ; the only difference is in the mode of commu- 
nicating motion to them from the outfide, and at the top of 
the tteam-box, both pair of valves being moved by rods 
through an opening in the lid of the box. See Plate VII. 
Jigs. 4 and 5. 

This method is neat in its appearance, and anfwers equally 
well with the other when properly made, but it i6 not eafy to 
make it like the other ; for if the lid of the tteam-box, when 
fattened on, deviates in the fmalleft degree from the central 
ofition of the valve-fpindle which paffes through its ftuffing- 
ox, both the valves will be prevented from applying them- 
felves exaftly to their feat. It is necefl'ary for the two 
valve-feats, and the ttuffing-box through the lid, to be made 
precifely on a common centre, line, or axis ; and for this pur- 
pofe, the upper part of the cylindrical box which contains 
the valves is bored out corre&ly withinfide, and the conical 
fockets in which the bell-metal feats for the valves are to be 
placed, are bored at the fame time ; then the lid of the box 
which ha9 the ttuffing-box in it, being turned in the lathe, 
with a fmall proje&ion beneath its flanch to drop into the 
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top of the cylindrical box, it will be certain to apply itfelf 
exa£lly in the centre of the box, and alfo perpendicular, when 
it is ferewed faft down in its place, becaufe the under furface 
of the lid, and the upper furface of the tteam-box, have been 
accurately formed each of them concentric with, and per- 
pendicular to, the axis of the valves ; but it is neceflary to 
ufe great caution in applying packing between thefe two 
furfaces, becaufe it will yield unequally, if the ferews at one 
fide are ferewed down more forcibly than thofe on the other 
fide, and thus put the ttuffing-box out of the perpendicular. 
To prevent this, Mr. Murray makes the lid of the box with- 
out any flanch, but it is exa&ly fitted into a fmall recefs or 
rebate, formed for it all round at the top of the tteam-box, by 
enlarging the diameter thereof a fmall quantity, as /hewn in 
A* * 5 - There is no packing applied to the joint, and it is 
then certain that the lid of the box will come to its true 
place. To prevent leakage, an iron ring is applied all 
round with a packing beneath it to cover the joint ; and this 
packing and ring being ferewed down by four ferews makes 
it tight, and at the fame time keeps the lid faft ; but by re- 
leafing the ring, the lid can be lifted out, and the valves with 
it, to repair them. Mr. Murray’s patent was fet afide by a 
writ of feire facias , at the inltauce of Mefl’rs. Boulton and 
Watt, who had previoufly pra&ifed fome things contained 
in the patent ; but we believe Mr. Murray was the firft who 
made valves in the manner reprefented in the figure. 

In fmall engines, the machinery now employed for opening 
and {hutting thefe four valves is different from Mr. Watt’s 
original engine, and much more fimple. The motion is 
given by a rotative motion from the main axis of the fly- 
wheel : a wheel is fixed on the axis of the fly-wheel, and 
communicates motion by other wheel-work to a horizontal 
axisy*( /VtffcVIL/^x^andy.^upon which arc two cxccntric 
wheels, which open and fliut the valves alternately. Each of 
the boxes may be confidered as being divided into three com- 
partments by the two valves, and the fteam is always admitted 
into the top of the upper box, where the upper tteam-valve is 
fituated j its ufe is to admit fteam which comes from the boiler 
through the fteam-pipe into the middle compartment of the 
box, which is the paffage, 14, communicating with the top 
of the cylinder. In this compartment is the upper condenfing 
valve h t which is moved by a rod palling through the rod or 
fpindle of the upper tteam-valve g : the valve h is for opening 
a paffage from the top of the cylinder to the condenfer, 
througli the exhaufting-pipe 13. In the fame manner, the 
upper valve, i, of the lower box is called the lower tteam- 
valve, and is for the purpofe of admitting the fteam which 
defeends through the pipe, 12, into the bottom of the cylin- 
der, below the pifton. The valve k is for conne&ing the 
bottom of the cylinder with the condenfer, and is therefore 
called the lower condenfing valve. 

The two rods, L, M, conne& the four valves together in 
pairs ; thus, the rod L, has an arm proje&ing from it at 
each end, one at its top, fattened to the item of the upper 
condenfing valve, and the lower tteam-valve is conne&ed 
with it at its bottom 5 it will confequently, when it is lifted 
up by the excentric wheel, which is contained within an 
opening in the rod, open thofe two valves, and, by caufing 
a vacuum above the pifton, and a prelfure of (team beneath 
it, will force it upwards to the top of the cylinder. 

The rod M is connected with the upper tteam-valve at the 
top, and with the lower condenfing valve at the bottom. 
When it is lifted up by the excentric wheel, which works in 
an opening in the rod, it admits fteam above the pifton, and 
caufes a vacuum below, in which fituation the pifton will de- 
feend. One of the rods which connect the valves mutt be al- 
lowed to defeend by its weight an inftant before the other is 
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lifted, otherwife the fteam will have a free paflage from the 
boiler to the condenfer, a fault which is called blowing through, 
but is an operation pra&ifed every time at fetting the engine to 
work, after having been fome time at red, for tne purpofe of 
expelling the air from the condenfer. To blow through with 
this engine, all the four valves mu ft be opened at once, which 
is done by lifting up the two rods, L, M, both together. 

Fig. 16. reprefents an ingenious form in which Mr. Mur- 
ray makes the excentric movements for working the valves, 
fo that they (hall move all at once, and not have the liberty 
of returning until the proper time. 

The excentric triangle, A B, has its fides formed by 
arcs of circles : the axis of motion is made to coincide 
exa&ly with one of the angles, A, and the arc, B, is de- 
feribed from that centre. The excentric triangle is included 
within a parallel groove, C D, in an iron frame, in which it 
exa&ly fits, aB in the figure. In this pofition, it is evident that 
the frame is immoveable ; it cannot afeend, becaufe the circular 
part, B, bears againtt the lower fide, D, of the groove ; nor 
can it defeend, becaufe the angle, A, bears againlt the middle 
of the upper fide C ; at the fame time, the excentric triangle 
can move round a certain part of a revolution before the rod 
will be moved at all, and then it will rife all at once ; fo that 
the middle of the lower fide of the groove, D, will bear againit 
the angle or centre of motion. A, and the upper fide, C, will 
be borne by the arc, B, of the excentric triangle. 

Four-pa/faged Cod . — Of late years, inftead of the four 
valves invented by Mr. Watt, cocks and Hides have been 
much ufed for alternately admitting the fteam into the cy- 
linder above and below the pifton : they have the advantages 
of fimplicity and cheapnefs, as one cock or flidcr is made to 
anfwcr the purpofe of the four valves. 

What is called the four-pafTaged cock is the moil readily 
applied to practice. This is reprefented in PhiteVW.fig. 6. 
which is the cylinder of an engine made by Mr. John i)ick- 
fon, who erected a great number exactly the fame : the cy- 
linder and its pifton, with the lid and ftufling-box for the rod, 
are evident from infpeclion. The cylinder has a flanch or 
projecting ring round it, a little below the middle, by which 
it is held in a jacket or cafe of caft-iro:i ccc, which is 
conftantly fupplied with fteam from the boiler by the pipe e : 
ff is a pipe, call at the fame time with the cylinder, leading 
from the top of it, and by a crooked paflage to the cock E : 
gg is another fimilar paflage from the bottom of the cylinder 
to the cock, and entering it diametrically oppofite to the other 
paflage : h is an opening, bringing fteam from the jacket cc c, 
by means of a fhort pipe, not feen in the figure, being be- 
hind the cylinder, but caft at the fame time with it, and 
joining at bottom to the flanch, by which it is held in the 
jacket. The bore of this fhort pipe is, however, continued 
through the flanch, and opens into the jacket ; and when 
they are ferewed together, the fteam has free accefs from the 
boiler through the jacket into the fhort pipe, and from 
thence into the paflage h, which advances horizontally 
forwards, as reprefented by the dark circle h, fig. 6, and 
turns into the cock ; the fhort pipe has a thin circular vane 
in it, turning upon a pivot to form the throttle- valve, as we 
have before deferibed. 

When the fleam is not made to pafs through the jacket, 
the circular paflage, h, may be confidercd as the continuation 
of the itcam-pipe coming immediately from the boiler ; and 
then the throttle-valve is placed in fome part of the fame 
pipe : pp is the pipe conveying the fteam away from the 
cylinder to the condenfer, which is of the ordinary conftruc- 
tion. K is a handle fixed upon a fpindle, on which is a 
rack, turning a cog-whcel upon the end of the cock E ; 
this rack is partly feen in the drawing, but the pinion is 
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concealed. There are two pins fixed upon the rod of the 
air-pump, which take the handle K, as they move up and 
down, and thus turn the cock a portion of a turn each 
time : there is alfo a lever fixed on the fpindle of the handle 
K, the ends of which flop againlt the ends of a crooked 
fteel-fpring ferewed to the iron frame fupporting the bear- 
ings for the fpindle of the rack ; fo that the motion allowed 
thereby to the handle, K, and the rack, will turn the cock 
one-fourlh of a whole turn, but no more. N is a cock com- 
municating (when open) from the jacket ccc to the pipe pp, 
and thereby to the condenfer, for the purpofe of blowing 
through at firil flarting the engine. Now, fuppofe the 
fteam flowing through the fteam-pipc, e, from the boiler, 
it enters between the jacket, ccc, and the cylinder, pafl'es 
through the fhort pipe and throttle-valve into the opening h 9 
thence through the crooked paflage in the cock E, to the 
pipe f fy leading to the top of the cylinder, thus caufing the 
pifton to defeend. The fleam in the lower part of the cylinder 
efcapes, by the pipe g, through the other paflage of the 
cock E, and by the pipe p p, into the condenlcr. When the 
pifton arrives at the bottom of the cylinder, the pin on the air- 
pump rod carries down the handle, K, which, with its rack aCt- 
ing in the pinion on the end of the cock E, turns it into the 
pofition feen at Jig . 7. The operation is now reverfed, the 
11 earn enters from the jacket at h, through the cock' E, and by 
the pipe*, into the bottom of the cylinder, forcing the pifton 
to the top ; at the fame time the fteam contained above the 
pifton efcapes through the opening f /, and the cock E, 
by the pipe pp , into the condenfer. When the pin on the 
air-pump rod reaches the handle, K, in its afeent, it returns 
the cock to the pofition at Jg, 6 , when the operation is re- 
peated. 

Nothing can be more Ample, or appear more perfeCt, than 
this contrivance, which was originally ufed by Papin in his 
air-cylinders ; and Leupold, in his Theatrum Machinarum 
Hydraulicarum, vol. ii. has (hewn the manner of its appli- 
cation to a high-preflure Iteam-engine. 

In praCtice it has fevcral objections. The pipe leading 
from the top and bottom of the cylinder to the cock is fo 
much added to the volume of the cylinder, and the quantity 
of fteam which they contain mult be wafled every ftroke 
without any advantage; but in the four valves, there is no 
farther lofs than of the fmall quantity of fteam which is con- 
tained in the paflages 14 and 15, Plate \ll. fg, 1. which 
are purpofely made as narrow as they can be to admit the 
fteam freely. Secondly : The paflages cannot conveniently 
be made large enough to admit a full fupply of fteam, though 
it fhould be underflood, that, in the other direction, they are 
three or four times as wide as they appear in the feCtion, 

fa 6 . 

In thefc engines the fteam is always wire-drawn in pafT* 
ing through the paflages; hence the fteam in the boiler mull 
be made flronger than it is intended to be ufed in the cy- 
linder, to which, however, there is no objection, as it gives it 
fomething of the expanfive aCtion. Thirdly : Thefe cocks do 
not wear equally, becaufe there is much lefs furface expofed 
to friClion in the part where the paflages are ; and as the 
furface which is interpofed between the paflages is fo fmall, 
they leak immoderately from one paflage to the other, unlefs 
the fitting of the cock is perfeCt. For thefe reafons, the 
four-paffaged cocks have been confined to fmall engines, and 
principally thofe which work with high-preflure fleam, be- 
caufe that will pafs through very fmall openings. 

Mr. Bramah has made fevcral fteam-engines, in which he 
employed a four-paffaged cock on a conftruction fomewhat 
different from the above. The fleam from the boiler is 
made to enter into a hollow at the large end of the cone 
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of the cock, and to pafs away to the condenfer by a oaffagc 
at the final] end of the cone of the cock, which, by this 
means, is always prefled into its feat by the force of the 
fleam a&ing upon a furface equal to the fmall end of the 
cock, from which the preflure is relieved. This keeps the 
cock always tight ; and to prevent the moveable part from 
being fixed fail by the preflure, the cone is made much more 
obtufe than ufual. The paflages for the fleam between the 
cock, and the top and bottom of the cylinder, are nearly the 
fame as i njig. 6. Mr. Bramah had a patent for this in 1 802 ; 
and another improvement was, that he made the cock to turn 
continually the fame way round one-fourth at a time ; by 
which means the fame eftedts are produced as by turning it 
backwards and forwards, but the wear is rendered more 
equable. 

Mr. Maudflay lias adopted in his engines a four-pafTagcd 
cock, in which the fleam is made to prefs the cone into its 
feat. 

Sliding- Valves by Mr . Murray . — With a view of re- 
medying the inconveniencies of the four-paflaged cock, the 
fame effedl has been attained by a plate Aiding upon a flat 
furface, in which the paflages are formed. A cylinder, 
with a Aider upon this conftru&ion, is reprefented in 
Plate VII. jig. 8. It is ufed by Mr. Murray in fmall 
fleam-engines, and found to anfwer the purpofe extremely 
well, from the fimplicity of its conflrudtion, and its dura- 
bility, but, above all, from not being fubjedl to wear or 
get out of order. A A reprefent the cylinder, inclofed in 
a caft-iron jacket, and furrounded with fleam : it is fur- 
nifhed with a piflon-lid, and fluffing-box, for the rod to pafs 
through in the ufual manner ; a is the pafl’age for the fleam 
to enter the top of the cylinder ; and b , the paflage into the 
bottom, to admit fleam below the pillon. The Ream is 
conveyed from the boiler by the pipe B, pafles through 
the throttle-valve c, and into the fleam-box dd> from which 
it is diftributed to the cylinder by its different paflages, as 
required. This fleam-box is ferewed by a flanch againfl 
the flat furface of a pipe D, extending from t he top of the 
cylinder to the bottom, and attached by dove-tailed joints 
to the two necks, a, of the cylinder. I11 the flat furface 
of the pipe D, there are three openings, m , ji, 0 : the upper 
one, tn, communicates with the top of the cylinder, through 
the paflage a ; the middle opening, «, communicates with 
the condenfer by palling out fideways to the edu&ion-pipe, 
as at the dark circle at p ; and the lower opening, 0, com- 
municates with the bottom of the cylinder by the pafl’age b : 
r is the Aider, made in the form of a box or cover, and 
ground round its edges, fo as to fit exaftly flat againil the 
furface of the Itcam-pipe D, in which the three openings 
are made, and which is ground alfo. Tins Aide is moved 
up and down by the fmall fe&or j, a&ing in the teeth of a 
rack, fixed to the back of the Aide. The fpitidle of the 
fector paffes through a ituffiug-bnx in the Ade of the fleam- 
box, and is moved on the outfide by an excentric wheel on 
the axis of the fly-wheel. The motion of the Aider r, up 
ami down, either connects the openings of the two paflages 
m and q, or the two openings n and 0. In the drawing, it 
is repreirntfd as conne&ing the upper paflage m with 
which leads to the condenfer, at the fame time leaving the 
opening o uncovered, to receive the fleam from the fleam- 
box ; consequently the fleam enters below the pifton, 
through the neck cauftng it to rife, and efcapes from 
the top of the cylinder through the neck a ; and by 
the conne6tion of the opening m with w, it paffes out at p 
into the condenfer. Now if the Aide is moved down, by 
turning the fe&or fo that the lower paflage 0 is con- 
ceded with tt) which leads to the condenfer, the top 
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opening m will be open to the fleam-box, and the ftearw 
will enter at the top of the cylinder, and caufe the pifton 
to defeend, while the fteam in the bottom of the cylinder 
will rufti through the opening b , and by the connexion 
of the paflage 0 with «, it will pafs into the condenfer. 
In this manner, by alternately moving the Aide up and 
down, this action is repeated, and the engine kept going. 

In the figure of Mr. Murray’s fmall engine (Plate VIII. 
jig. 4. ) the excentric circle B is plainly teen upon the axis 
of the fly-wheel ; it operates exadtly the fame as a fhort 
crank, and has an iron frame or collar embracing it. By 
this a motion backwards and forwards is communicated by 
the rod B S to an axis, upon which are levers, giving motion 
to the lever of the fe&or, which moves the Aiding-valve. The 
whole of the engine is upon an excellent conflrudtion : the 
air-pump is worked by the rod R, at the outer end of the 
beam. 

In 1799, Mr. William Murdoch of Redruth, in Corn- 
wall, obtained a patent for feveral improvements in fleam- 
engines, amongft which is a fimple conflrudlion of the 
Iteam-valve, or contrivance by which the lteam is diftri- 
buted to the cylinder, or withdrawn from it at the 
proper period. 

This contrivance is a Aiding-valve, which performs all the 
offices of the four valves which we have deferibed for the 
double engine. Mr. Murdoch’s patent has been adopted 
by Meflrs. Watt and Boulton in moll of their fmall en- 
gines, for many years pall ; and they have lately, with 
lome alterations, introduced it into large engines. In 
Plate VII. jig . 9, A A is the fleam-cylinder of the engine ; 
B, the pifton, and C, the pillon-rod ; D is the upper open- 
ing or fleam- way into the cylinder ; F is the fleam-cafe : in 
this is applied the Hiding-tube, which performs the office of 
all the four fleam-valves in the manner following. G G is a 
femicylindrical fleam-pipe, (but winch may be cylindric, 
triangular, or of any convenient form,) communicating 
with the fleam-cylinder both at its upper and lower open- 
ings, and firmly fixed or connected to the fleam-cafe, or 
with the cylinder itfelf, where no fleam-cafe is ufed. 

This tube has an opening, Ii, on its fide, with a regulat- 
ing valve for the admiffion of fleam from the boiler ; and an- 
other opening, I, at bottom, which leads to the condenfer. 
At the top it is covered with a plate T, having a hole and 
fluffing-box to admit the fliding-rod K, which is jointed to, 
or connected with, an inner moveable pipe or tube L. M, open 
at both ends. To one fide of the Aiding-tube are affixed the 
iolid plates or valves L, M, intended to Aide upon the plates 
at D and E, and oceafionally to cover and uncover the upper 
and lower openings I) and E of the cylinder. Oppofite to 
thefe plates the remaining circumference of the tube, L M, 
is furniAied with projections or flinches of brafs, or other 
metal, with an interflice between them, to receive a pack- 
ing of hemp, or other proper fubflance, which will per- 
mit the tube, L M, to move up and down, fleam-tight, 
in the fixed tube G G. There are openings provided in 
the fleam-pipe G G, which are fhut with plugs or plates, 
ferewed or otherwife fixed to it, which may be removed to 
repair the packing. 

When the Aiding-tube, LM, is in the pofition fhewn in 
the figure, the fleam enters through the fleam-pipe H, and 
filling the interfiles between the fleam-tube G G, and the 
Aiding-tube L M, pafles into the cylinder at the upper 
opening D. As the lower opening, E, is open to the con- 
denfer, a vacuum will be formed withinfide the flidii.g-tube 
L, and alfo below the pifton, through the paflage E, which 
is uncovered by the rile of the fliding-rod. In confequence, 
the pillon defeends ; and when it has got near the bottom 
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of the cylinder, a bracket, attached to the top of the 
pifton-rod C, ftrikes a proje&ion upon the Hiding-rod K, 
and caufes the tube, JL M, to defeend a (mail quantity in the 
ileam-pipc G. The Hiding parts, L, M, by this motion, 
Hide palt the openings D and E of the cylinder, fo as to 
be beneath them ; and the fteam, which is above the piiton, 
iffues at the upper opening, and paffes down the infide of 
the tube JL M, into the condenftr. At the fame time, the 
fleam continuing to pafs from the boiler through the pipe 
H, and the interftice between the {team-pipe and the 
fliding-pipe, enters the cylinder by the lower opening E, 
and forces up the piiton and pifton-rod, with its bracket, 
which, near the end of the afeending ftroke, encounters 
another projection of the Hiding-rod K, and raifes the 
tube, L M, into its former pofition of the figure. The 
operations arc tlvn repeated. This is the plan ufed in 
Meffrs. Watt and Boulton’s bell-crank engine, and it is very 
good, becaufe no lleam is loft, as in all other conltrudtions, 
where only one cock or Aider is ufed. 

If the Hiding-plates, where they apply together, are made 
of fteel, and hardened, they then wear extremely well. 
In fome of Meflrs. Watt and Boulton’s lateft engines, they 
have ufed fimilar Aiders for large engines ; but, in this cafe, 
they make the two Aiders feparate, being moved only by a 
rod of communication : bccaufe, if they were applied to a 
ftrong moving pipe, there would not be fo great a certainty 
of their complete adlion, as the leall deviation of the two 
Aiders at the top and bottom of the cylinder would caufe 
a great leakage. 

There are many other methods of diAributing the fteam 
alternately to the top and bottom of the cylinder ; but 
as we have deferibed thofe which are brought to fuch a 
degree of perfection as to be commonly ufed, it is unne- 
ceffary to purfue the fubjedt any farther. 

Regulation of the Velocity of an Engine . — This is a matter 
of confiderable importance. The mult common method, as 
we have noticed, is by the governor or revolving pendulum ; 
but there are others which, in particular circum (lances, are 
very applicable. One is to have a fmall pump worked 
by the engine, and railing up water into a ciltern, from 
which it -nnb out again in a conftant ftream. By this 
means, tr.e water will accumulate and rife in the ciftern, if 
the enene works rapidly, fo as to pump more water into 
the ciflcrn than will flow out of it in the fame time ; and, on 
the other hand, the furface of the water u id fink in the ciftern, 
if the engine works llowly ; and a float being placed in the 
ciftern, and connected with a wire to the throttle-valve, will 
regulate t he motion of the engine. See Regulator. 

In 1S05, Mr. Job Rider obtained a patent for improve- 
ments in the fleam -engine. Thofe improvements confift, 
fir It, in lining the fltatr. -cylinder with a foft metal, of a fuf- 
ficient thickneh to admit of finifhing the infide of the cy- 
linder of fuch metal, by drawing, boring, or otherwife ; 
fccondly, in applying a hollow pifton-rod, anfwering the 
purpofe of an eduction -pipe ; thirdly, in the order of open- 
ing and (hutting the valves ; and fourthly, in regulating 
the fpecd of the engine by a pendulum. The nature of this 
latter contrivance is very ingenious, and may perhaps be un- 
derftood from the following description. Upon an horizontal 
arbor, which we will denominate the main arbor, are placed 
three wheels, a drum or barrel, and a pinion : one of thefe 
wheels, that is to fay, the main wheel, is fitted by means 
of a focket upon the main arbor, fo as to turn round upon 
that arbor, and has teeth both upon the exterior and in- 
terior periphery of its rim. Within the circle of the interior 
cog 3 of this wheel a pinion is fixed to the arbor, its diameter 
being one-third of the interior diameter of the main wheel 5 
Vol. XXXIV. 


135 

and this pinion has teeth furrounding its convex furface. The 
moveable barrel turns freely upon the main arbor; its dia- 
meter is rather lefs than the exterior diameter of the main 
wheel, and it carries a cord, with a weight hanging at its end, 
a&ing like a clock-weight. Befides this the ends of the 
barrel are pierced with two orifices, each at about half the 
exterior radius of the main wheel from the arbor; thefe holes 
ferving as bufhea or pivot-holes, wherein an arbor turns, 
carrying a wheel, of which the diameter and number of 
teeth are equal to thofe of the pinion : the latter wheel may 
be called the barrel-pinion ; its teeth work in the teeth of 
the pinion, and alfo in the interior teeth of the main w heel. 
By thefe means, the barrel may be turned round upon the 
main arbor, while the arbor itfelf is turned by the pinion, 
which is adted upon by the barrel-pinion, at the fame time 
that this pinion ads upon the interior teeth of the main 
wheel. The external teeth of the main wheel turn the 
pinion of a fcapement -wheel and pallets, nearly fimilar to 
thofe in Graham’s dead-beat. Near one end of the main 
arbor there 13 a ratchet-wheel, and wheel and click ; and 
near the other end a wheel, which is adted upon by an end- 
lefs lerew upon a horizontal ftiafr, worked by the general 
operation of the {team-engine. 

This arrangement ferves to regulate the rate of the engine’s 
motion ; for the turning of the worm-wheel, by tbe general 
motion of the engine, caufcs the weight to be raifed which 
hangs to the cord that winds upon the barrel ; and this 
weight is connedtcd to one end of a lever, the other end of 
wh ; ch is attached to the fteam-valve in fuch a manner, that 
the degree of opening of that valve depends upon the alti- 
tude to which the weight is raifed. The aperture of this 
valve is formed like an inverted cone; and while this valve 
Hints and opens twice at every ftroke, the lever does not 
prevent fuch opening and Hunting, but merely limits the 
extent of the opening by the fpringing up of a rud con- 
nected with it. By this contrivance it happens, that when 
the weight is higheft, the valve is leaft opened ; and when 
the weight is lowed, the valve is molt opened. Hence it is 
evident, that fhould the engine wind up the weight, by 
turning the worm falter than the pendulum permits it to 
defeend by the turning of the barrel, the aperture of the 
valve will be contracted ; and vice verfa . Little power is 
loft by thefe means, and the fpecd of the engine can be ac- 
curately regulated by properly adjufting the length of the 
pendulum, and the numbers of teeth in the wheels and 
pinions. As to the ratchet-wheel and click, their foie ufe 
is to prevent the weight from drawing the line off the barrel, 
when the worm-wheel is thrown out of gear. We have not 
had an opportunity of lccing one of thefe machines at work* 
but think it would operate very well. 

Mr . Cartwright' s Engine. — In giving the liiflory of Mr. 
Watt’.*; inventions, we mentioned that the condeniation by- 
external cold was one of his firft ideas, and given up, be- 
caufe he found it better to employ injection. We have alfo 
deferibed his fingle engine, in which the pifton riles in 
vacuo. In 1 797* Mr. Cartwright took out a patent for 
improvements in the conftrudtion of (team-engines, in which 
the condenfation is performed by the application of cold to 
the external furface of the veffel containing the lleam. 

The manner Mr. Cartwright eftodts this is by admitting 
the fteam between two metal cylinders, lying one within the 
other, and having cold water flowing through the inner 
one, and furrounding the outer one. By thefe means, a 
very thin body of fteam is expofed to the greateft poflible 
furface of cold metal. By means of a valve in the p'tlon, 
there is a conftant communication at all times between the 
condenfer and the cylinder, either above or below tin* pif- 
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ton ; fo that whether it afcends or defcendB, the condenfa- 
tion is always taking place, in the fame manner as Mr. 
Watt’s engines, where the pi (ton rifes in vacuo. But what 
was probably efteemed one of the molt important circum- 
Aances attending the mode of condenfation, was the oppor- 
tunity it affords of fubftituting ardent fpirit, either wholly 
or in part, in the plice of water, for working the engine. 
For as the fluid, with which it is worked, is made to cir- 
culate through the engine without mixture or diminution, 
the ufing alcohol, after the firft fupply, would be attended 
with no very great expence ; on the contrary, the advan- 
tage was expe&ed to be great, even equal to the faving 
othalf the fuel. If, indeed, the engine could be applied, 
as Mr. Cartwright occafionally purpofed, both as a me- 
chanical power and as a (till at the fame time, the whole 
fuel would be faved. 

Mr. Cartwright has been very attentive in Amplifying all 
the other parts of the engine, his engine having only two 
valves, and thofe are ao nearly felf-ading as may be : in 
conference, the engine is rendered applicable to purpofes 
requiring only a fmall power, and for which any other en- 
gine would be too complicated and expenfive. See a figure 
of Mr. Cartwright’s engine, Plate V. Jig . 8, where a is the 
cylinder, which is fupplied with fleam from the boiler 
through the pipe b ; c is the pifton in the a£t of going up ; 
d is the edu6tion-pipe that conduits the fleam into the con- 
denfer w, which confifls of two cylinders, one within the 
other, leaving a fmall fpace between them, into which the 
Hearn is admitted ; while the inner cylinder is filled with 
cold water, and alfo the external cylinder furrounded by 
the fame ; fo that, by this means, a very large furface of 
Hearn is expofed to the cold of the water, though no water 
is fuffered to come in aftual conta& with it. 

To the bottom of the pifton c is attached a rod, with 
another pifton e, working in the barrel d, which is in reality 
the air-pump of the engine, and has a pipe, f, to the con- 
denfer. When the pillon c arrives at the bottom of the 
cylinder, a valve, r, which is in the pifton is opened, by its tail 
prefling againft the bottom of the cylinder, which opens the 
communication from above the pifton to the condenfer, while 
the fpring i, fixed to the rod of the piflon, prefles down 
the tail, and (huts the fteam-valve /, which admits the fleam 
from the boiler. The fleam therefore within the cylinder, 
both above and below the piflon, being condenfed, runs 
through the iovver pipe, f \ to the air-pump, and the pillon, 
being relieved from all preflure, is drawn up in the cylinder 
by the fly-wheel. The pifton e of the air-pump arriving 
at the top of the barrel, in which it works at the fame time 
with the working piflon c, draws the air from the condenfer, 
and on its return at the next llroke, prefles upon the con- 
denfed water, (huts the valve y*, and forces the water up the 
pipe g 9 into the box h: the air which is dilengaged from the 
water rifes to the top of the box, and by its elaflicity forces 
the water through the pipe i, which carries it back again to 
the boiler. When the air accumulate^ in the box to filch a 
degree as to deprefs the water, the ball cock falls with it, and 
opens a valve in the top of the box, which fuffers fome of 
the air to efcape. 

When the pifton arrives at the top of the cylinder, it 
prefles up the fteam-valve /, which admits the fleam again 
from the boiler, to force it down as before ; and the valve, r, 
in the pifton (huts by prefling up beneath the top of the cy- 
linder. The preflure of the fteam is now above the pifton, 
and a vacuum beneath 5 the pifton therefore defeends, and 
when at the bottom, (huts the fteam-valve /, and opens the 
valve, r, in the pifton. 

When all the fteam in the upper part of the cylinder is 
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condenfed, the motion of the fly attached to the machine 
brings the pifton up again, its valveB now remaining fhut by 
tlieir weight. 

/ and m are two cranks, upon whofe axes are two equal 
cog-wheels working in each other, for the purpofe of con- 
verting the perpendicular motion of the piilon-rod into a 
rotatory motion for working the machinery attached to it. 

As it is evident, from its conftru&ion, that the whole of 
the fteam is brought back again into the boiler, it affords 
the means of employing ardent fpirit inftead of water, and 
thus faving a great deal of fuel. 

Cartwright's Metallic Pifton . — The moft valuable part of 
this engine is in the conilru&ion of the pifton, which Mr. 
C. made wholly of metal, fo as by means of fprings to fit 
the cylinder very exaftly. 

This not only faves the expence and trouble of pack 
ing, which mufl be frequently renewed in all other en- 
gines, but alfo a great deal of fleam, on account of the 
more accurate fitting of the pifton. This pifton is made 
in the following manner : Two metal rings arc ground, by 
means well known to good mechanics, into the cylinder, fo 
as to fit it as perfe&ly as art and induitry can make them ; 
that is fo well, that no fleam can pafs between them and the 
cylinder: their upper and under lides are alfo* ground per- 
fectly flat, and applied one upon the other. Though 
not abfolutely necefFary, for greater fecurity two other 
rings are fitted to the infidc of thefe. On the upper rings 
is placed a plate of metal, alfo ground perfectly flat, and of 
fuch a diameter as almoit to fit the cylinder. A fimilar flat 
plate is placed below the under ring ; and the two plates, 
with the rings between, are attached firmly to each other by 
means of the pifton-rod that paffes through them, and they 
thus form a fhell, in which the other rings are contained. 

It is plain then, fuppofing neither the out fide rings nor 
the cylinder arc able to wear one another, that fuch a pifton 
would remain fteam-tight ; but as conflant fri&ion mult in* 
evitably tend to enlarge the cylinder, and diminifh the diame- 
ter of the rings, the piflon, after fome time, would ceafo to 
fit, if a contrivance had not been made to remedy the evil. 
The rings are each of them cut into three pieces, and in cut- 
ting them, fuch a portion of the metal is taken away as to 
leave room to introduce, between two of the pieces, a fpring 
in form of the letter V, the open end of which is placed 
outwards, almoit clofe to the circumference ; by which means 
the two pieces againft which the two lides of the fpring alt 
are prefled, in the direction of the circumference, againft the 
ends of the third piece ; fo that the three pieces are thus 
kept fo uniformly in contact with the cylinder, that the 
longer the machine h worked the better the rings mu ft lit. 

To prevent fteam pafliiig through the cuts in the rings, 
the folid parts of the upper rings are made to fall upon the 
divifions and fprings of the under ones, fo as to form a break 
joint. 

The ftuffing-box round the piflon-rod was propofed to 
be done in the fame manner. 

The metallic pifton has been found advantageous, and Mr. 
Woolf ufes it in his engines, which is the greateft trial of 
a piflon, becaufe of the rarity of the fteam. Plate VII. 
Jigs . 10 and 11, reprefent a pifton of a four-horfe engine, 
which was made by Meflrs. Lloyd and Oftel. A it the 
pifton-rod, and 15 CC the folid metal of the pifton, firmly fit- 
ted and keyed to it : the lower edge, C, of the plate, B, is made 
very nearly to fit to the cylinder ; but for the actual fitting, 
dependence is placed on the four rings, D, fitted one upon 
another, and each divided into four ferments, as (hewn 
by Jig . 10. The interior furface of thefe rings is made rather 
conical, and a fecond fet of fmailer rings, E, is accurately 
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fitted withinfidc of them. Thefe rings are divided, like the 
former, each into four fegments, and the fprings are applied 
behind them, as (hewn in fig. 10, in a better manner than the 
original, which were like the letter V. E E is the cover-plate, 
which is ferewed on over all the fegments, to confine them : 
it preffes down the interior rings into the exterior, and the 
conta& between them being by a conical furface, the effe& 
is to fpread the outer rings a fmall quantity, and enlarge 
them till they exactly fill the cylinder. The dark mark be- 
neath the lowermolt interior ring E, is a piece of felt or 
palteboard, which fuffains the rings, and prevents them from 
descending, except when the ferews are tightened, or the 
rings would expand with too much force into the cy- 
linder. 

Woolf's Improved Pifion .— The common method of packing 
the pillon of a ilcam-engine with hemp, will be fo well under- 
Hood after what we have faid, that a particular description 
of it in this place is not nccefiary ; fuffice it to fay, that the 
hollow part round the pillon is filled with rounds of hemp, 
loofely twilled into a loft rope, which is profil'd into a 
pretty compact form by a ring, and worked down by 
ferews dillributed round the ring, which work into the body 
of the pilton ; by this means the packing is made to fill the 
diameter of the cylinder pretty clofely, and to prevent, while 
the packing remains found, any Hearn from palling between 
the pilton and the cylinder. In the ulual method, whenever 
the pillon, by continued working, becomes too cafy, and 
fo occalions a waHc of lleam, it is necelfary to take olF the 
top of the cylinder, tven when frelli hemp or packing is not 
wanted, merely to get at the ferews, which ferve to force 
the upper ring nearer to the bottom of the pillon, by which 
means the packing is forced outwards againll the fide of the 
cylinder. 

This being heavy laborious work, it is generally deferred, 
by the man that attends the engine, as long as the engine 
can polfibly be made to work without taking this trouble ; 
and in comequenee of this negleil, a great and unnecellary 
walte of lleam is occafioned, and a walle of fuel in pro- 
portion. 

Mr. Woolf’s improvement on the pillon is fuch as to 
enable the engine-man to tighten the pilton, without the 
ricceffity of taking off the cover of the cylinder, except 
when new packing becomes necefiary. He accomplices 
this by either of the two following methods. He fallens 
on the head of each of the ferews a fmall . .g-wheel, c, c> r, r, 
{Plan VII. Jigs. 12 and 13.) which wheels arc all conne&cd 
with each other by means of a central wheel d d \ which 
works loofe upon the pillon-rod in fuch a manner, that if 
any one of the fmall wheels and its ferew be turned, it turns 
the central wheel, and the latter turns all the other three 
wheels and ferews. That one which is to be firll turned 
is furnifhed with a proje&ing fquare head /, which rifes up 
into a rcccfs in the cover of the cylinder. This recefs is 
1 uncounted by a cap or bonnet, which being eafily taken off, 
and as eafily put again in its place, there is little difficulty in 
(crewing down the packing at any time, by applying a key 
to the fquare head of this ferew. The parts are fo clearly 
expreffed in the plates, that no farther delcription is neeeffary 
to make any perfon comprehend it. 

Mr. Woolf contrived another method for fmall piHons, 
which is fimilar in principle, but a little different in conllruc- 
tion. In (lead of having feveral ferews, all worked down by 
one motion, there is in this but one ferew, and that one is 
cut upon the pillon-rod itfelf ; on this it placed a wheel of 
a convenient diameter, the centre of which is furnifhed with 
a female-fcrew. This wheel is turned round, « . e, ferewed 
down by means of a pinion, which is furnilhed with a fquare 
proje&ing head, riling into a recefs of the kind already de- 
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feribed. The upper ring of the pillon is prevented from 
turning with the wheel by means of two Heady pins. 

High-Prejfure Steam-Engine . — The operation of the high- 
preffure Iteam-engine is effe&ed folely by the expanfive force 
of Iteam, which is not condenfed in the manner of the at- 
mofpheric or Watt’s engine. The lleam being railed in the 
boiler, and heated far beyond the boiling point, is made to 
acquire a great expanfive force, and exert an immenfe pref- 
fure to efcapc from any veflel in which it is confined, even as 
great as four or five times the preffure of the atmofphere. 
This Iteam being allowed to enter into one end of a cylin- 
der, while the other end of the fame communicates with the 
open air, it will exert a force upon the pilton of the cylin- 
der, and move it from one end to the other. This is the 
principle of the high-prellure engine, which has been much 
introduced of late, on account of fome advantages which 
it poffeffes in particular fituations over other engines : firll, 
from thclimplicity of itsconltru&ion andcheapnels; fecondly, 
the fmall Ipace which it occupies; thirdly, its requiring no con- 
den fing water, which in fome fituations is very difficult to 
procure, and in one inltancc is altogether impracticable, viz. 
for drawing of carriages, for which purpofe this engine has 
been fuccefs fully ufed. To fet againlt thefe advantages, the 
high-preffure engines are extremely liable to blow up, if 
not attended very carefully, for they are frequently worked 
with a preffure of from fixty to eighty pounds on the fquare 
inch. Thefe engines require a greater quantity of coals, in 
proportion to the force exerted, than the engines of Mr. 
Watt, and confequently are not worked with advantage in a 
fituati >n where coals are dear. 

The firll application of high-preffure lleam to an engine, 
is what we find deferibed in 1724, by Leupold, in his Thea- 
trum Machinarum Hydranlicarum, vol. ii. p. 93. He af- 
cribes the invention to Papin, on account of his having given 
him the idea of applying the expanfive force of Hearn for 
the purpofe of railing water, and alio becaufe he took the 
conllrudlion of the four-paffaged cock, to communicate alter- 
nately with two cylinders, from Papin’s air-machine, which 
has been deferibed in the former part of this article. The 
engine deferibed by Leupold conlills of two fingle cylinders, 
placed at fome dillance from each other, with a pillon fitted 
to each, and applied to two feparate beams, which at the 
oppoiitc ends work two forcing-pumps. Between the two 
cylinders is the four-paffaged cock, the fame as deferibed in 
Plate VII. Steam-Engine, fig. 6, for admitting the ffcam 
from the boiler alternately into the bottom of each cylinder, 
or allowing it to efcape from the cylinders into the air. The 
boiler is fituated beneath the two cylinders, and communi- 
cates with the cock by a fhort upright pipe. The a&ion of 
this engine is very fimple : the Hearn being raifed very flrong 
in the boiler, is allowed to enter through the cock into the 
bottom of one of the cylinders, at the fame time that the 
air or Heam efcapes from the bottom of the other, through 
the other palfage of the cock into the open air. In this way, 
the preffure of the lleam caufes the afeent of the firll-men- 
tioned pillon, and the other defeends by its counter* weight. 
By turning the cock round one*fourth, the operation is re- 
verfed, fo that the iteam enters the bottom of the fccond 
cylinder, and the lleam which was contained in the firff 
elcapes through the palfage of the cock into the air. 

The next propoial for a high-preffure engine is Mr. 
Watt’s patent of 1769. See the fourth particular of his 
fpecification, which we have given, but we do not know that 
he ever pra&ifed it, finding his own invention fo much 
fuperior. 

The high-preffure engines at prefent in ufe were intro- 
duced by Mr. Trevethick, in conjun&ion with Mr. Vivian, 
who obtained a patetit for the fame in ito2 : this was prin- 
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eipally for their application of the engine to the purpofe of 
driving of carriages upon rail-roads. 

This engine containing no material part* which are not 
ufed in other engines, and before described, it may be ex- 
plained without a drawing. The boiler confifts of a large 
cylinder of call iron, made very ftrong, and placed with its 
axis horizontally upon fhort feet or pillars of call iron : the 
boiler has a flanch at one of its ends, to ferew on the end or 
cover, which has the requifite openings for the fire-door, the 
man-hole, the exit for the fmoke, and the gauge-cocks. 
The fire is contained within the boiler, in a cylindrical tube 
of wrought iron, which is furrounded with water on all lides, 
in the fame manner as the fire in Mr. Smeaton’s portable en- 
gines, of which we have given the defeription ; but there is 
a little difference in the application : one end of this tube is 
flanthed to the end or cover of the boiler, and is divided into 
two parts, by having the fire-grate extended acrofs it : the 
fire-door doles the opening in the upper half, which is the 
fire-place, the lower half forming the alh-pit : the tube ex- 
tends nearly to the end of the boiler, where it is reduced in 
fize, then doubles, and returns back in a direction parallel to 
the iirlt tube or fire place to form the flue or chimney, till 
it arrives at the end or cover of the boiler, through which 
it pafles at the fide of the fire-door, and a flue is then con- 
ducted from it into the chimney, to carry off the fmoke. 

At the part where the flue enters the chimney is a fmall 
door, to remove any foot that may have accumulated. On 
the top of the boiler is a fafety-valve, kept down by a lever 
and weight, to allow the (learn to efcape in ca(e it becomes 
fotl’O ig as to endanger the burltingof tht boiler. The (leam- 
cylinder Hands in a perpendicular direction, and is ii. doled 
within ihe boiler, except a few inches of its upper end, at 
which the four-pafiaged cock is fituated,and the flanch which 
ferew on the lid, with the Huffing box for the pilion-rod to 
palo through. The boiler has a projeding neck, into w hich 
the cylinder is received, and it i c fattened in its place by a 
flanch round the upper end of the neck of the boiler, 
which is united by ferew s to a flanch projc-Clmg from the 
cylinder at about one-third from its top flanch. The 
upper end of the pifion-rod is fattened to the middle of a 
crofs-bar, which is placed in a direction at right angles to 
the length of the boiler, and guided in its afeending and dc- 
fcending vertical motion, by Aiding upon two perpendicular 
iron rods, fixed to the boiler, parallel to each other, being 
connected together at top, and firmly fuppnrted there 
by two diagonal Hays, extending from the other end of the 
boiler, and fecured to the flanch, which ferews on the end 
of the boiler. At the ends of the crofs-bar of the piflon-rod 
the two connecting rods are jointed, and the lower ends of 
them are conneded with two cranks, fixed upon an axis, ex- 
tending acrofs beneath the boiler, and under the centre of 
the cylinder : the axis is fupported in bearings made in the 
legs which fupport the boiler, and the fly-wheel is fixed in 
it. One of the cranks is formed by a pin which is fixed into 
the arm of the fly-wheel, at the fame radius as the oppofite 
crank. The fly-wheel is fituated clofe to the fide of the 
boiler, and the pin for the other crank is fixed into the arm 
of a large cog-wheel, fixed on the axis of the fly-wheel, 
at the oppofite fide of the boiler. This cog-wheel com- 
municates the power of the engine to other cog-wheels. 
As the piHon is alternately forced up and down by the pref- 
fure of the Hearn, it carries the crofs-bar with it, and by 
the conne&ing rod turns the two cranks, together with the 
fly-wheel and cog-wheel. 

It now remains to Ihew the means by which the Heam 
is brought to ad alternately on different Tides of the 
pifton. On one fide of the cylinder, juft above the 
flanch which fixes it into the boiler, and beneath the top 
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flanch, which fallen s down its lid, is a protuberance of call 
iron, to contain the four paffages and the cock, fimilar to 
that fhewn in Jigs . 6 and 7. One paflage rifes dire&ly from 
the boiler, and brings Heam to the cock at one fide, to be 
diftributed either to the top or bottom of the cylinder, ac- 
cording to the pofition in which the cock Hands. A fecond 
pafl'age rifes from the upper fide of the cock, and proceeds to 
the top of the cylinder, for admitting Heam above the pifton. 
The third paflage from the under fide of the cock connedi 
with the bottom of the cylinder by a pipe call clofe to the 
fide thereof, and defeending to the bottom. The fourth 
paflage from the cock is on the oppofite lide to where the 
Hearn enters from the boiler, and this paflage is open to the 
wafte-pipe, which carries the Heam into the external air, and 
allows it to efcape after it has pafl'ed through the engine. 
Now fuppofe the paflage leading to the top of the cylinder, 
and that one which brings Heam, are from the boiler to be 
conneded with the cock, and the paflage from the bottom of 
the cylinder to be conneded with the watle-pipe, the Heam 
will enter above the pitlon, and force it down, at the fame 
time that the Heam in the bottom of the cylinder will 
efcape by the connedion of the wafte-pipe with the open 
air. 

Wheu the pifton arrives at the bottom of the llroke, the 
cock 18 turned one quarter round, by means of a rod jointed 
to the crofs-bar of the piiton-rod, and defeending perpendi- 
cularly, being giuded at bottom by palling through a piece of 
iron fere wed to the flanch of the cylinder : this rod has two 
pins projeding from it, which move the handle of the cock 
up and down alternately ; by this the cock is turned on the 
completion of the defeending flroke, fo that the paflage to 
the bottom of the cylinder is conneded with the boiler, and 
that from the top with lhe open air : the fleam in confe- 
quence enter- below the pitlon, and forces it up, palling out 
from the upper part of the cylinder into the open air at 
the lame time. In this manner the motion of the engine is 
kept up by the pins alternately turning the cock, firfl at the 
top of the ftroke, and then at the bottom. 

The boiler is fupptied with water, a . fall as it evaporates, by 
means of a fmall fo*ce-pump worked by the engine ; but as it 
would be a great lofs of heat to injed cold water at once 
into the boiler, it is firlt rendered nearly or quite boiling by 
a very limple contrivance. The wafle-pipe, which conveys 
the Heam away from the cylinder after having performed its 
office, is intlofcd within an external pipe or jacket, leaving 
a fpace of about an inch all round ; through this fpace the 
cold water is forced to enter at one end by the fmall force- 
pump, and the boiler is fupplied with water by a branch 
from its other extremity. By thus carrying the water fome 
dillance in contad with the hot walte-pipe, through which 
the Heam pafles, it is heated, and a contidcrable quantity of 
heat is Lived, which would othervvife be loll. 

The velocity of the engine is regulated, or its motion can be 
entirely itopt, if required, by a cock fituated m the firft paflage 
from the boiler to the four-pafi'aged cock, fo as to regulate the 
paflage between the boiler and the cock. The handle of this 
cock may be conneded with a governor, fimilar to thofe 
ufed in other engines. The contlf udion of the four paffages 
and cock is exadly fimilar to what is reprefented in Jig . 6. 
Plate VII., except that it is placed near the top of the cy- 
linder, becaufe all the lower part of the cylinder is con- 
tained in the boiler, and alfo that the axis of the cock is di- 
reded to the centre of the cylider. High-preflure engines 
have been fometimes made with beams and parallel levers 5 
but more frequently the cylinders have been placed hori- 
zontally, and the pi llon-rod jointed at once to the conned- 
rag rod. 

Several very terrible accidents have occurred from the 
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burfting of high-preffurc boilers, cither from their being 
made too weak to refift the force they are intended to bear, 
or from fome mifmanagement, as loading the fafety-valve too 
much. Some years ago, an engine that was employed to 
drain water from the tide-mills, while building between 
Woolwich and Greenwich, was blown up by overloading 
the fafety-valve, when feveral people were killed. Many 
rovifions have been made to guard againft thefe accidents 
y Mr. Trevethick, who firlt brought the high-preffure en- 
gines into ufe : at firfl he propofed inclofing the fafety-valve 
m fuch a manner, that no one could get accefs to it to increafe 
the load beyond what was intended to be employed. Se- 
condly, he drilled a hole in the boiler, which he plugged up 
with lead, at fuch a height from the bottom, that the 
boiler could never boil dry without expofing the lead to be 
melted, and confequently making an opening for the (team 
to efcape. This contrivance is calculated to prevent the 
boiler being burft by luddenly forcing water into it, when it 
has been allowed by carelefsnefs to boil dry, and become red- 
hot. A metal plug Ihould always be rivetted into fuch a 
boiler. The plug fhould be made of fuch a compofition of 
the fufible metal, that it will melt whenever thfc contents of 
the boiler attain that degree of heat which produces tteam 
of a dangerous elafticity. Another precaution which fhould 
always be taken, is to have two fafety-valvca fixed in different 
parts of the boiler ; fo that if by any accident one of 
them becomes fixed fail in its feat by ruft or other means, 
the other will be in a ffate to aft, thereby diminifhing 
the chance of an accident to half; and the larger thefe 
fafety- valves are made, the more certainly they will operate. 
The mercurial fleam-gauge ufed in moft engines is a long 
curved tube, or inverted fiphon, in which the mercury 
rifes by the force of the Hearn, and indicates the 
preffure. If this kind of Ileam-gauge is applied to the 
high -p re ffu rc engine, it requires a very long tube, which 
is an additional lecurity againtl the burfting of the boiler, 
becaufe the mercury will be blown out of the tube, 
and permit the fleam to efcape when the preffure is too 
great. 

Before the boiler of a high-preffure engine is fet to work, 
it {hould be proved effeftually, firlt by drilling fmall holes 
through it at different places, to aftually meafure the thick- 
nefs of the metal, and afeertain that it isequal throughout ; and 
then it fhould be proved by injeftmg water into it, until the 
preffure lifts the fafety-valve, when loaded confiderably more 
than it is intended to be when the engine is fet to work ; but 
this proof fhould not be too fevere, becaufe the metal may 
be weakened, although it is not burfl, by the proof ; and, in 
confequence, may afterwards burfl with a much lef* preflure 
of fleam. At the fame time, the engineer who undertakes 
to make thefe engines, fhould fully inform himfelf of the 
real flrcngth of metal boilers of determinate thickneffes, 
which could be eafily done, without danger, by injefting 
water into the boilers until they aftually burfl. We do not 
know if fuch experiments have ever been made ; and in thofe 
boilers which have been burfl by the explofion of fleam, the 
preffure at the moment of the accident has not been known. 

We have an account of a trial of a fmall high-preffure en- 
gine made in 1804, in Wales, to afeertain its powers to raife 
water ; the cylinder was 8 inches in diameter, and 4^ feet 
ftroke; it worked a pump i8£ inches in diameter, and 

feet ftroke, which raifed water 28 feet high. It worked 
at the rate of 18 ftrokes per minute, and confumed about 
80 lbs. of coals per hour : this, when reduced, is about 17^ 
million pounds raifed one foot high for each bufhel. Thus, 
the weight of the column is 32 66 lbs. for the area of the 
pump (18.5 X 18.5 ss 342.25 X .7854 =) 268,8 fquare 
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inches x .4341b!. = 1 16 % lbs. the weight for every foot of 
the column x 28 feet =. 3266.5 lbs. the total weight of the 
column. The motion of the piflon per minute is (4$ x 
18 = ) 81 feet, or 4860 feet per hour x 3266.5 lbs. ss 
1 5>®75> 1 ^°lb8. raifed one foot high per hour. The coals 
confumed in the hour 16 80 lbs. ; therefore fay, as 80 lbs. : 
1 5 >% 75 * 1 6 ° lbs. :: 88 lbs. : 17,462,676 lbs., the number of 
pounds raifed one foot high for each bufhel of eoals. The 
area of the piflon is (8 x 8 = 64 x .7854 =) 50J fquare 
inches, and the load 3266.5 -r* S°i = 65 lbs. preffure per 
fquare inch on the furface of the pilton. 

Manufaffure of Steam-Engines . — The great demand for 
thefe machines, which has taken place fince their value has 
been fo fully underflood, has occafioned them to be manu- 
faftured in the large way by feveral engineers, who adopt 
the fame fyftem as is purfued in making of watches and 
clocks, viz. that of having workmen inflrufted in making 
the feparate parts, and employing machines and tools for 
every operation which admits of fuch aid. Tlie firlt of 
thefe manufaftories is that of Meffrs. Watt and Boulton, at 
Soho, near Birmingham, fons of the inventor and his alfo- 
date, who eflablifhed the manufactory about 177 5; and 
until the expiration of Mr. Watt’s patent in 1800, it was 
the only place where his engines were made. It has con* 
tinued ever fince to furnifh the greatefl proportion of engines, 
as well for this country as abroad. There are now other 
manufacturers who approach the original in the beauty and 
perfection of the workmanfhip. 

Since the expiration of the patent, there has been a total 
change in the manner of conflruftmg and putting together 
every part of the engine, and many advantageous improve- 
ments have been made, as far as refpefts the durability and 
accurate performance of the machine ; though nothing, ex- 
cept the fecond cylinder of Hornblowcr and Woolf, has been 
added to Mr. Watt’s engine fince he firfl brought it to a 
ftandard, by which its powers are at all increafed, with 
refpoft to the confumption of fuel, but rather the contrary. 
At the firfl eftabli/hment of thefe manufaftories, on the ex- 
piration of Mr. Watt’s patent, many ingenious mechanics 
attempted to improve the ftrufture of the machine, and the 
records of the patent office contain more upon this fubjeft, 
than any other. All kinds of parallel motions have been 
tried ; cylinders have been inverted, placed horizontally, made 
of long and fhort proportions ; large air-pumps have been 
ufed ; and for the minor parts, fuch as valves, and the ma- 
chinery for aftuating them, fcarcely two following engines 
were made alike for many years, until by, the refult of a 
vail deal of invention and experience, thofe methods which 
we have defcribed became fettled into eilablifhed forms; but 
none of them are fuperior to the original of Mr. Watt’s. 
Refpefting parallel motions, and the proportions of the parts, 
no methods have been found fo good as the original engine ; 
and we accordingly find, that all the moft eilablifhed and ex- 
perienced manufafturers make engines which are not altered 
in any great feature from Mr. Watt’s original engine, with 
a beam and parallel motion afting on a fimple crank ; and 
they give them all the advantages which can be derived from 
fuperior workmanfhip, and improved methods of putting the 
parts together, whicu experience has pointed out. 

Meffrs. Fenton, Murray, and Wood, of Leeds, Yorkfhire, 
are the manufafturers of the moft eilablifhed reputation after 
Meffrs. Watt and Boulton. The engines thev fend out 
cannot be excelled in beauty and perfeftion or workman- 
fhip, and they perform as well as any others. Their fac- 
tory at Leeds is very extenfive, and provided with every 
convenience for making all the parts of the engine in the 
beft manner, and with the lead labour. They have three 
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fteam-engine9 in the works, one for boring cylinders, and turn- 
ing large lathes ; a fecond for turning fmall lathes, grinding, 
drilling the centres of wheels, tapping fcrews, &c., and for 
blowing the furnaces of the foundery ; and a third engine for 
working a great forge hammer, by which the heavy wrought 
iron work is forged. The boring machines for cylinders, 
of which they have three in number, are very capital, as by 
an ingenious movement, invented by Mr. Murray, for draw- 
ing the borer through the cylinder, it is made to advance 
regularly from one end to the other, without any interrup- 
tion. Thefe machines are worked by a feparate fleam-engine, 
which is never flopped during the operation of boring a 
cylinder through, as it is found to make a fenfible mark or 
ring if the motion is Hopped. The beft means are alfo taken 
to prevent the cylinder from changing its figure by its 
weight, or by the preflure of the parts which hold it in its 
pofition. The whole of the factory is lighted by gas lights 
in winter time. The boilers are manufactured by the aid of 
feveral machines to cut out the plate, pierce the holes, 
and bend the joints. Before any or the fmaller engines are 
fent away, all the parts are put together in a building on 
purpofe, where there are boilers fixed and they are actually 
tried, to infure that every part is perfed : they are then taken 
to pieces, with marks and directions for putting them toge- 
ther, and packed up for carriage, which is very eafy, as there 
is a canal at the gates, which has communication by water 
to every part of England. For fuch engines as are too large 
to be put to work at the fadlory, workmen are fent out with 
them, to aflilt and direCt in fetting them to work. 

In London, Mr. Maudfiay has made many very excellent 
fleam-engines upon the plan reprefented in our fketch ; but 
his beft engine, which is in the faw-mill at Woolwich, is 
with a beam upon Mr. Watt’s plan. He has lately made 
a large engine for a fleam-boat invented by Mr. Brunei, 
which has two cylinders ading alternately upon different 
cranks, formed upon the fame axis at right angles to each 
other, fo that the motion is continued without a fly-wheels 
one boiler is placed between the two cylinders, and one air- 
pump and condenfcr exhaufls them both. By this means a 
powerful engine is contained in a fmall fpace, and is not 
heavy to load the boat. 

Some engineers of Manchefter make very good fleam- 
engines, chiefly for the great cotton-mills. At moll of the 
iron furnaceB in the country, fleam-engines are now made, 
and fome of them produce very capital engines, as at But- 
terly in Derby (hire, Low Moor in Vorkfhire, and others. 
Their workfhops are in general managed by engineers who 
have been educated at Soho, or at Leeds. Mr. Woolf’s 
engines are made in London by Mr. Edwards, and by him- 
felf in Cornwall. 

Rotative Steam-Engine, — The reciprocating motion of a 
fleam-engine has always been confidcred as a great defed ; 
for though all irregularity of motion can be obviated by 
conne&ing it with a fly-wheel, yet a great mafs of matter 
muft always be kept in a con ft ant fucceflion of changes from 
reft to motion; and the irregularities which this would pro- 
duce, can only be governed by putting a great mafs of 
matter in the fly-wheel, and caufing it to move with a rapid 
motion, fo that its momentum or vie inert iar (hall be vaflly 
greater than that of all the reciprocating part 6 together. 
With a view of obviating this objedion, and of obtaining the 
adion of fleam by more Ample machinery than a cylinder 
and piflon, many attempts have been made to produce a 
circular motion at once by the fleam. It has been made to 
blow on the vanes of a wheel of various forms. But the 
rarity of fleam is fuch, that even if none is condenfed by the 
cold of the vanes, the impulfc is exceedingly feeble, and the 
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expence of fleam, fo as to produce any ferviceable impulle, is 
enormous. Mr. Watt, among his firft f peculations on 
fleam-engines, made fome attempts of this kind ; but he has 
not given fuch a defeription of the valves for this purpofe, 
as to enable an engineer to conftrud one of them. From 
any guefs that we can form, we think the machine very 
imperfect. One of Mr. Watt’s fir A trials was uncom- 
monly ingenious ; it confiited of a drum, turning air-tight 
within another, with cavities fo difpofed, that there was 
a conftaut and great preflure urging it in one diredion. 
But no packing of the common kind could preferve it 
air-tight with fufficient freedom of motion. He fucceeded 
by immerfing it in mercury, or in an amalgam which re- 
mained fluid in the heat of boiling water; but the continual 
adion of the heat and fleam, together with the fridion, 
foon oxydated the fluid, and rendered it ufelefs. He then 
tried Parent’s or Dr. Barker’s mill, inclofing die arms in a 
metal drum, which was immerfed in cold water. The fleam 
ruffied rapidly along the pipe which was the axis, and it was 
hoped that a great re-adion would have been exerted at the 
ends of the arms ; but it was almofl nothing. The reafon 
feems to be, that the greateft part of the fleam was con- 
denfed in the cold arms. It was then tried in a drum kept 
boiling hot ; but the impulfc was very fmall, in comparifon 
with the expence of fleam : this mull be the cafe. 

Mr. Watt has described in his fpecification of 1782, 
lodged at the patent office, fome more perfect contrivances 
for producing a circular motion by the immediate adion of 
the fleam. One of thefe produces alternate motion upon a 
centre, and is analogous to the double engine ; another pro- 
duces a continued motion. See his fir A fpecification of 1769. 

We do not find that Mr. Watt has ever ereded a con- 
tinuous circular engine : he has doubtlefs found all his at- 
tempts inferior to the reciprocating engine with a fly. A 
very crude feheme of this kind may be feen in the Tranf- 
attions of the Royal Society of Dublin, 1787. 

Mr. Cartwright, in a patent of 1 797, propofes fome improve- 
ment of Mr. Watt’s rotative engine, but it was never brought 
into ufe. Mr. Jonathan Hornbfower had a patent in 1798 for 
a rotative engine, which is the mod ingenious of all the fpe- 
culations on this fubjed, but too complicated to be earned 
into execution ; and in 1805 he had another patent, for a 
machine which is quite different from the former, and is in- 
genious, but ftill lefs likely than the firfl to anfwer the in- 
tended purpofe. 

Mr. Samuel Clegg has made a rotative engine, the piflon 
of which makes a complete revolution in a channel at a dif- 
tance from the centre of motion. We have feen this engine 
at work, which aded in a very regular manner, but we 
think the fridion muft be greater than that of a common 
engine, although it gets rid of the reciprocation, Mr. Clegg 
had a pate nt in 1809 for his invention. 

Mr. Turner has lately obtained a patent for a rotatory 
fleam-engine, the priricipleof which is the fame asMr. Clegg’s, 
but each of them has its peculiar advantages in the maimer 
of fitting up, and in the arrangements of its parts. Mr. Tur* 
ner’s is packed in all the moving parts with metallic pack* 
ings inftead of hemp, and we have been informed that his 
engines operate very well, and without any fly-wheel. Mr. 
Clegg's engine only requires a fmall fly at one part of its 
movement. We think, that if ever rotative engines are 
brought to perfedion, it will be by fomething of the nature 
of thefe two engines, which are the moft practicable, and pro* 
mife greater probability of fuccefs than any before invented. 

For the application to fleam-boats, and to the purpofe of 
drawing carriages, or locomotive engines, as they are now 
called, rotative engines would be fo advantageous) that they 
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would be very ufeful, even though they fhould confume 
rather more fuel than reciprocating engines of the fame 
power, provided they were certain in their adion. 

Cement for making Joints in Steam-Engines . — In joining the 
Handies of iron cylinders, and other parts of hydraulic and 
fteam-engines, a ftrong and durable cement is required. The 
following are receipts for cements proper for fuch purpofes. 
Mix boiled linfeed oil, litharge, red and white lead, together 
to a proper confidence: this cement is to be applied on each 
fide of a piece of flannel, previoufly lhaped to fit the joint, 
and then interpofed between the flanches, before ‘they are 
brought home to their place by the ferews or other faflenings 
employed, which will make aclofe and durablejoint. The quan- 
tities of the ingredients may be varied without inconvenience, 
only taking care not to make the mafs too thin with the oil. 
It is difficult, in fome cafes, to make a good fitting of large 
pieces of iron work at once, and this renders it necellary 
fometimes to join and feparate the pieces repeatedly, before 
a proper adjultment is obtained. When this is expeded, the 
white lead ought to predominate in the mixture, as it dries 
much flower than the red. A workman knowing this fad, 
can exercife his own dilc.retion in regulating the quantities ; 
but it is fafell to have too much rather than too little white 
lead, as the durability of the cement is no way injured 
thereby, only a longer time is required for it to dry and 
harden. When the fitting will not admit of fo thick a fub- 
itance as flannel being interpofed, linen may be fubflituted, 
or even paper or thin palteboard, the only reafon for em- 
ploying any thing of the kind being the convenience of 
handling. This cement anfwers well alfo for joining broken 
Hones, however large. Cilterns built of fquare Hones put to- 
gether with this cement, will never leak or want any repairs: 
in this cafe the Hones need not be entirely bedded in it, for 
an inch or even lefs of the edges that are to lie next the 
water need only be fo treated, and the reft of the joints may 
be filled with good lime. 

Another cement, which is preferable to the former for 
withfianding the adion of Hearn, is compounded as follows : 
Take two ounces of fal ammoniac, one ounce of flour of 
fulphur, and 16 ounces of calt-iron filings or borings: mix 
all well together by rubbing them in a mortar, and keep the 
powder dry. When the cement is wanted for ufc, take one 
part of the above powder, and 20 parts of clean irun borings, 
or filings, and blend them intimately by grinding them in a 
mortar: wet the compound with water, and when brought to 
a convenient confidence, apply it to the joints with a wooden 
or blunt iron fpatula. — By confidering the affinities of 
thefe ingredients, thofe who are at all acquainted with che- 
miflry, will be at no lofs to comprehend, that a degree of 
adion and re-adion takes place among the ingredients, and 
between them and the iron furface% which at lafl caules the 
whole to unite as one mafs : in fad, after a time, the mixture 
and the fur faces of the flanches become a fpecies of pyrites, 
holding a very large portion of iron, all the parts of which 
cohere Hrongly together. Another cement of the fame kind 
is made by mixing together two parts of flour of fulphur, 
and one part of fal ammoniac, and making them into a fliff 
paltc with a little water. When the cement is wanted for 
ufe, diffolve a portion of the above paHe in urine, nr in water 
rendered flightly acidulous ; and to this folution add a quan- 
tity of turnings or borings lifted, to get rid of the grofler 
particles. This mixture, fpread upon or between the flanches 
of iron pipes or put into the interflices of other parts of iron 
work, wifi in a little time become as hard as Hone. 

Mr . Murray* s Rule for the Weight of Fly-Wheels to Steam - 
Engines . — Mr. Buchanan, in his valuable treatife on pro- 
pelling veflels, printed at Glafgow in 1816, gives the fol- 
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lowing rule, as the refult of Mr. Murray’s long experience 
in building engines. 

Rule . — Multiply the number of horfe-power of the en- 
gine by 2000, and divide it by the fquare of the intended 
velocity of the circumference of the fly-wheel in feet per 
fecond, the quotient will be the weight of the fly-wheel in 
hundred weights. 

Example . — To find the weight of a fly-wheel proper for 
an engine of 20 horfes* power, fuppofing the fly-wheel to be 
18 feet in diameter, and to make 22 revolutions per fecond : 
wheel 18 feet diameter 56 feet circumference x 22 revo- 
lutions per minute =. 1232 feet motion per minute -f 60 =r 
20k feet motion per fecond for the motion of the circum- 
ference of the fly wheel. Then 2o| feet per minute fquared 
= 420^, and 20 horfeh* power x 2000 = 40COO 420^ 
= 90.4 cwt. of the wheel required. 

Smoke- Burning Furnaces for Steam-Engines . — The great 
quantity of fmoke which is thrown out by the furnaces of 
fleam-engines, becomes a great annoyance in a town fuch as 
Manchefler or Birmingham, where there are many engines 
together. To avoid this, as well as from an idea of obtaining 
a greater effed from the combuflion of the fmoke, many in- 
ventors have been induced to contrive furnaces which fhall not 
produce any fmoke. The black fmoke which is ufually dif- 
charged at the top of the chimney, is, in faff, fo much good fuel, 
which only wanted a fufficient heat, and the contact of frefli air, 
to inflame it under the boiler. It is a fad well known, that the 
flame which is often feen ifl’uing from the top of the chimnics 
of founderies, furnaces, See. has no exiflence except at the top 
of the chimney ; for while it is afeending the flue, it is only 
denfe, black fmoke, confiding of the azote of the attno- 
fpheric air which has palled through the fire, of hydrogen 
gas, coal-tar, and carbonaceous matter ; and this fmoke is 
of fuch a high temperature, that it only requires oxygen 
to make it inflame inflantaneoufly : this it obtains from the 
atmofpheric air, into which it deicends on ill'll :ng from the 
top of the chimney, and then prefents fuch appearances, as 
would make a hafly obferver adopt the opinion that the flame 
had afeended, in the Hate of flame, from the fuel in the fur- 
nace, through the whole height of the flue, up to the top 
of the chimney ; but this is by no means the cafe, and a 
confideration of this fimple fad will convince any perfon, 
that it is not an inconfiderablc proportion of the fuel that is 
thus wafled. Nor is this the only lofs fuflained ; a quantity 
of heat is required, not merely to render fuch a portion of 
the fuel volatile, but to give it a temperatme fufficient to 
produce the fpontancous inflammation at the top of the 
chimney, of which we have taken notice. This mull he 
furnilhed at the cx pence of an extra and unnecefiary quan- 
tity of fuel. 

The firfl of the fmoke-burning furnaces was Mr. Watt’s 
patent of 178J. His method con (ids in caufing the fmoke, 
or flame, of the frelh fuel, while paffing from the fire to 
the flue or chimney, to pals, together with a current of frt*fh 
air, through or among fuel which has already ccafed to 
fmoke, or which is converted into coke, charcoal, or cinders, 
and which is intenfely hot ; by which means the fmoke, and 
grofler parts of the flame, by coming in clofe contad with 
the intenfely hot fuel, and by being mixed with the current 
of frelh or unburnt air, will be confumed or converted into 
heat, or into pure flame, free from fmoke. This invention 
is put in pradice, firfl, by Hopping up every avenue or paf- 
fage to the chimney or flues, except fuch as are left in the 
interftices of that part of the fuel which is ignited ; fecondly, 
by placing the frelh fuel above, or nearer to the external air, 
than that which is burning, and already converted into coke 
or charcoal ; thirdly* by condruding the fire-place in fuch 
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manner, that the frefh atmofpheric air which animate* the 
fire, and the fmoke or flame which rife* from the frefh 
fuel at the firft application of the heat, mult pafs downwards, 
or laterally, fo as to pafs through the whole mafs of burn- 
ing fuel, and ifl'ue from the interitices of the burning fuel 
at the molt remote part, or internal end of the fire-place, 
to efcape into the flues or chimney. In fome cafes, after the 
flame has pall through the burning fuel, it is made to pafs 
up a very hot funnel, flue, or oven, before it comes to the 
bottom of the boiler, by which means the fmoke is ftill 
more effectually confumed. 

This invention of Mr. Watt’s has been very extenfively 
pra&ifed ; but another plan, by Mr. Roberton of Glafgow, 
has fince been found preferable : it is nearly on the lame 
principle as Mr. Watt’s. The opening through which the 
Fuel is introduced into the furnace is fhaped like a hopper, 
and is made of call-iron, built into the brick-work of the 
furnace. From the mouth, or entrance of the hopper, it 
inclines downward to the place where the fire reds on the 
bottom grate. 

The coals in the mouth-piece, or hopper, anfwer the pur- 
pofe of a fire-door ; and the principal point to be attended 
to in the management of this furnace is, that the hopper 
(hall be kept full of coal, either wholly or in part with 
fmall coal, to prevent as much as pofliblc the air entering 
by that paffage. The coals which are in the lowed end of 
the hopper are brought to a (late of ignition by the heat 
of the fire upon the bars, before they are forced upon the 
bars to be burned. 

Beneath the lower part of the hopper the furnace is pro- 
vided with front bars, which ferve to admit air among the 
fuel which lies upon the grate, and offer a ready mode of 
forcing the ignited fuel, which has juft iftued from the lower 
part of the hopper, back upon the fire-grate, where it is 
completely confumed, and by thus forcing it back, a fpace 
is made, into which frefh fuel falls from the lower part of 
the hopper ; but all the fmoke which rifes from this frefh 
fuel muft pafs through the burning fuel, which lies upon 
the farther part of the grate, and is thus confumed. By 
this arrangement, the fuel is brought into a ftate of ignition 
before'it reaches the farther fide of the bottom grate, where 
it is flopped by a rifmg bread of brick-work ; therefore, 
any fmoke which is liberated from the raw coals in the 
mouth-piece, muft pafs over thefe burning coals before it 
can reach the flue of the chimney ; but this, though it 
would caule a large quantity of the fmoke to be burnt, 
would not completely prevent the efcape and afeent of 
fmoke up the chimney ; for it is not fufficient that the 
fmoke (hould be expofed to a heat fufficient to ignite it 
before it efcapes ; as, unlefs a quantity of frefh air, able 
to furnilh a fufficiency of oxygen for the combuftion of the 
fmoke, can be brought at the fame time in contaft with 
it, it will ftill efcape in an undecompofed ftate. 

The principal merit of Mr. Roberton’s invention confifts in 
a judicious admiffion of frefh air, in fuch a manner that it can 
reach the fmoke without previoufly pafiing through the fire, 
and parting with its oxygen in its paffage, and that it fhall 
be in fuch quantity, as merely to caufe the fmoke to burn, 
and not to cool the bottom of the boiler. Beneath the 
upper fide of the mouth-piece, or hopper, which inclofes 
the frefh fuel, and at the diftance of about three-fourths of 
an inch from it, (this fpace being a little more or left, ac- 
cording to the fize of the furnace,) is placed a call-iron 
plate, which is above the hopper containing the fuel ; and 
in the fpace between it and the top of the hopper is an 
open ipace for the admiffion of a thin ftream of air, which, 
rufhing down through the opening, comes firft in contaft 
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with that part of the fire which is giving out the greateftr 
part of the fmoke ; viz . the fuel that has been lalt intro- 
duced from the lower end of the hopper upon the grate- 
bars, mixes with the fmoke before it paiTes over the burning 
fuel upon the interior part of the grate-bars, where it is in 
in a high ftate of combuftion : this enables the fmoke to 
inflame completely. The quantity of air thus admitted 
to pafs over the upper furface of the fuel newly introduced, 
is a matter of importance to the complete a&ion of the con- 
trivance. The opening for air is regulated by a very fimple 
contrivance. The plate which forms the upper fide of the 
opening for the paffage of the air, refts at each end on a 
ftud, or pin, proje&ing from the cheeks of the mouth-piece, 
or it is furnifhed at each end with a pivot, which works m 
the cheeks. Thefe pins, or pivots, being placed about 
half-way between the outfide and infide of the mouth-piece, 
or hopper, by elevating or deprefling the outer edge of 
the plate, the opening for the admiffion of air between the 
lower end of the hopper and the lower edge of this plate can 
be dimini filed or enlarged. When tha,t degree of opening 
which produces the belt eftefts is obtained, which is eafily 
known by experiment, the plate is kept in its place by 
means of a piece of iron introduced above it, and anfwering 
the purpofe of a wedge. Thefe furnaces have been adopted 
by many manufacturers at Leeds, Manchcfter, ana in 
London, where many works have been indi&ed as a nuifance 
for not having adopted the improvement ; the magillrates 
arguing, that though the welfare of the place required that 
fuch inconveniencies fhould be fubmitted to while no pof- 
fible remedy for them was known, the health and comfort 
of the inhabit u!its equally demand, now that evil can be 
done away, that fmoking furnaces fhould not be permitted 
in the place. On this account, Mr. Roberton’s furnaces 
have been very much adopted ; but we have feldom feen 
them in fuch order as to make any diminution in the fmoke, 
which they will do completely, if the regulation of the 
quantity of air is properly made. 

A recent invention by Mr. John Cutler in 1815, is found 
to burn the fmoke moft perfectly in common fire-grates, 
fuch as are ufed for warming apartments ; and we have feen 
an experiment of this plan upon a fmall engine boiler, which 
feemed to promife great fuccefs in applying it on a larger 
fcale ; but fuch trials have not yet been made, nor the belt 
form of the apparatus fettled. 

Mr. Cutler’s invention confifts in applying beneath the 
place in which the fire is to burn, a chamber or maga- 
zine, which is made as clofc as can be on ail fides, ex- 
cept the top, and is of fufficient capacity to contain 
within it a magazine of fuel, fufficient to fupply the 
combuftion for a whole day, or other required fpace of 
time. The fire is made upon the top of the mafs of fuel 
which is contained in the magazine, and there are no grate- 
bars upon which the fire is to lay; but inftead, the bars are 
placed at the fide, in a (loping dire&ion, fo as to inclofe the 
fire in a grating, which will admit fufficient air fideways to 
fupply the combuftion. The bottom of the magazine is 
made moveable up and down in the chamber 5 and by 
means of a rack and pinion, a ferew, or fome other mecha- 
nical power, the whole weight of coals contained in the 
chamber can be raifed up, and a portion will rife up into 
the grated part, where air is fupplied to it, fo that it can 
burn ; for the principle of this invention is to make the 
magazine-chamber beneath fo clofe as to exclude the air 
from it, fo that the fire cannot burn the fuel contained in it, 
and to provide that part of the fire-place which is imme- 
diately above the top of the chamber with a plentiful fupply 
of air to burn the fuel. By means of the machinery, any 
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quantity of fuel can be raifed up out of the magazine- 
chamber to fupply the deficiency occafioned by the com- 
buftion. 

The manner in which it burns the fmokc, is by obliging 
it to pafs through the burning fuel which lies upon the 
top of the mafs of coal contained in the magazine, becaufe 
this burning fuel communicates fufficient heat down, 
wards to make the fmoke rife from the fuel, and this 
fmoke mull pafs through the fire above it ; but before the 
fuel comes to be a&ually burned, the fmoke is fo far ex- 
tracted, that the coal is in the date of coke. 

The machinery by which the bottom plate of the maga- 
zine and the fuel contained in it is raifed up, is fimply an 
axle, with chains winding upon it ; at lead that is the con- 
trivance which Mr. Cutler ufed in the fmall ftoves for 
warming apartments ; but what method will be found belt 
•n a large fcale, for its application to ftcam-engines, remains 
yet to be determined. We (hall give a more minute deferip- 
tion of this valuable invention tinder the article Stove. 

The Application of the Steam-Engine to yropcl Boats or Ships. 
— This is one of the molt valuable applications of the 
power of (team, next to that of draining mines ; and though 
propofed at a very early period, lias been but lately 
brought into ufe. 

Captain Savery, in 1702, mentions the application of his 
engine to a (hip, but gives no account of the manner of 
carrying it into execution ; probably he only intended it for 
pumping out leakage-water. 

Mr. Jonathan Hull’s patent of 1736, for carrying vcfiels 
or (hips into or out of any harbour, port, or river, again It 
wind or tide, or in a calm, is the firlt idea of applying the 
fteam-engine to the purpofe of propelling vefi’eh. The en- 
gine of Newcomen was made to actuate a wheel placed in 
a frame projecting from the head of the boat, and the oar* 
or paddles of the wheel were to (trike in the water, and 
advance the boat or veffel containing the engine, which 
would draw after it the fhip or veffel that was to be 
rowed into or out of the harbour. We have no account 
of any aCtual trials made by Mr. Hull ; but befidcs his 
patent, we have a fmall pamphlet, printed in 1737, with an 
engraving. 

The account which Mr. Buchanan gives of the intro- 
duction of fleam-boatB in his treatife on propelling vefiVls, 
is, that Mr. Miller of Dalfwinfon, who made many models 
and experiments with a view to the improvement of naval 
architecture, appears to have made the firlt attempt at 
working a veflel with {team. The veffel was double, with 
The paddle-wheels in the middle : the experiment, however, 
did not fucceed to his latisfaCtion. 

About the year 1795* lord Stanhope conftru&ed a veffel, 
which wa6 tried in Greenland dock: the paddles were made 
in the imitation of the feet of a duck, and were placed 
under the quarters of the veilel, but the mechanifm did 
not anfwer his lordfhip’s expectation. 

In the year 1801, Mr. Symington tried a veHel pro- 
pelled by fteam on the Forth and Clyde Inland Navigation, 
but it was laid afide, on account of the injury which it 
threatened to the banks of the canal, by the furge of 
water which it made. It does not appear that he tried 
this veffel on any river. 

Mr. Symington’s fteam-boat is (lightly described in the 
Journals of the Royal Inititution for 1803, from which it ap- 
pears, that the method employed by him for making the con- 
nection between the pifton and the water or rowing wheel, 
was by placing the cylinder nearly in a horizontal pofition. 
This is attended with feveral advantages : the necefiity for a 
beam is avoided, which has ever been a troublefome and 
expenfive part of the common engine. The pilton is fup- 
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ported in its pofition by friction-wheels, and communicates, 
by means of a rod, with a crank connected with a wheel, 
which gives a motion to the rowing-wheel fomewhat flower 
than its own ; the water-wheel fervmg at the fame time as 
an addition to the fly. The {team-engine differs but little 
in its action from that improved by Mr. Watt ; there is, 
however, an apparatus for opening and (hutting the cock 
at pleafure, in order to reverfc the motion of the wheels, 
and put the boat back whenever it may be neceffary. The 
water-wheel is fituated near the Hern, and in the middle of 
the breadth of the boat, fo that it becomes neceffary to 
have two rudders, connected together by rods, which are 
moved by a winch near the head of the boat : by this means 
the perfon who attends the engine is able to (leer alfo. 

Another part of Mr. Symington’s invention confifted in 
the application of (tampers at the head of the boat, for 
the purpofe of breaking the ice on canals : thefe were to be 
railed in fucceflion by means of levers, the ends of which 
were deprdied by the pins of wheels, turned by an axis com- 
municating with the water-wheel. Mr. Symington dated, 
in a calculation he made, that a boat doing the work of twelve 
liorfes, could be built for eight or nine hundred pounds 5 
and he had afeertained by experiment, that it would travel 
at the rate of two miles and a half per hour. This is a very 
(low motion, compared with the prefent (team-boats, as we 
fhall fee. 

In 1807, Mr. Fulton of New York introduced (team- 
boats into America, which were the firft that fuccccded in a 
large way, fo as to become profitable: they had before 
this been ufed in America, and were began there by Mr. 
Symington. In 1812, a large boat was fet to work on the 
Clyde, in Scotland ; and fiuce that time, great numbers 
have been made both in Scotland and in different parts of 
England. 

There are feveral different methods of applying the 
force of machinery to row boats : the molt obvious is by 
means of oars, fimtlar to thofe with which a boatman rows ; 
but this action is very difficult to imitate by machinery, 
and has never been brought into practice. Several in- 
genious fchemes may be found in the Machines ApprovCes 
par l’Academie. 

The next is by means of paddle-wheels, which are 
fimilar to an underfhot water-wheel ; and when turned 
rapidly round by the engine, the floats dip into the wa- 
ter, and row the boat along. Tin’s plan was firft put 
in praCticc by the ingenious captain Savery, in 1702 5 but 
to be turned by men working at a capftan inltead et 
a (team-engine, is now adopted in all the real working 
fteanvbcatB winch have been made. Two wheels are 
ufually placed at the Tides of the boat, at about one-third 
of the length from the head. Attempts have been made to 
place one wheel in the middle of the boat, but they have 
not fucceeded fo well as the others. 

Another method is by forcing a dream of water out at 
the item of a boat by a large pump, which at the fame 
time draws the water in at the head of the boat. This was 
fuggefted by Dr. Franklin, after M. Bernoulli, and was 
very effectually tried by the late Mr. James Linaker, mafter 
millwright of the dock-yard at Portfmouth, but found in- 
ferior to the paddle-wheels. It has been alfo propofed to 
force out air under the (tern of the veffel by a pump, but 
we do not think it likely to fucceed. 

A fifth method is by a ferew applied at the ftern of the 
veffel, and turned round by the engined 

Laftly, various forms of oars have been applied at the 
ftern of the veffel to move from fide to fide, and impel the 
veilel on the fame principle, as what feamea call ikulling 
a boat, by an oar at the (tern. 

Q 
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A# none of thefe fchemes, except the paddle-wheels at 
the outfides of the boat, have been brought to any pra£ticai 
utility, we (hall not enter into any further particulars, 
but deferibe one of the belt of thefe veffels, fuch as is em- 
ployed on the Clyde at Glafgow, where fteam-boats have 
been brought to the greateft perfe&ion. 

All theie veflels are upon one general plan, vix. that of 
having paddle-wheels, fimilar to underfhot water-mill wheels, 
on each (idc of the boat, which are put in motion by the 
(team-engine. In fome of thefe wheels the paddles are 
placed parallel to the axis of the wheel, in others they arc 
placed obliquely, and in others again they are curved ; 
and it is not yet afeertained which is the belt form ; 
for although fome boats are found to move with a much 
greater velocity than others, it is difficult, where fo many 
caufes are combined in the operation, to afeertain which one 
fingly produces the advantageous effeft. Experiments are 
yet wanting to afeertain the belt number for the paddles on 
the wheel, and with what velocity they fhould move. It 
would doubtlefs be of advantage to have the means of chang- 
ing the velccity of the paddle-wheel?, according to the cir- 
cum fiances of the current of the water in which the boat 
moves ; becaufe when the boat is moving with the current, 
the paddle flrikes againft the water in a contrary dire&ion to 
its motion, and therefore has the greateft force to urge the 
boat forwards, at the fame time that the boat is moving in 
the direhion of the current, and therefore moves more eafily. 
On the other hand, luppofe the boat moving againft the 
current, the paddles muff row the water in the dire&ion of 
the current, fo that fuppofing they move only with the fame 
velocity, they muft have much lefs force to advance the boat, 
at the fame time that the boat, having to oppofe the current, 
requires a greater force to propel it. One of the fteam- 
boats on the Clyde has eight paddles, to each wheel, but it 
is probable feven would be more effective ; becaufe it is evi- 
dent, that if too many paddles are ufed, the water will be fo 
much broken, that it cannot afford that refiilance to the 
motion of the paddle which alone caufes the boat to advance. 
For an extreme cafe, fuppofe fo great a number of paddles 
that they would nearly touch, the wheel would then re- 
ferable a folid cylinder, and have no effe& to propel the vcflel. 
The velocity with which the paddle ftrike9 the water muft 
be cfcnfiderablc, to obtain a great refittancc from the water ; 
but the ftroke muft not be too frequently repeated, or the 
water which the paddle removes will not have time to return 
to its level before the fucceeding paddle makes its ftroke. 

The fteam-engine is placed near the middle of the veffel, 
and the fmokc is carried up in a large plate iron tube, which 
ferves the purpofe of a malt, to hoift a fail when the 
wind favours. The greateft number of boats at prefent in 
ufe are fitted up for paffage-boats, as that is the inoft pro- 
fitable employment : they have two cabins, one before the 
engine, which is fmaller, and confidered inferior, while the 
fecond, or large cabin, abaft the engine, is more elegantly 
fitted up. Plate VIII. Steam-Engine, Jig. i. is an elevation 
of the whole veffel, as fhe appears in the water, and Jig . 2. a 
plan with the deck removed, to fhew the arrangement of 
the apartments, and to explain the fteam-engine and ma- 
chinery by which the vcfl’tl is propelled. 

That part of the boat which is beneath water, is built 
like an ordinary boat, which draws but little water, and fhe 
is fo formed at the ftern-parts as to caufe her to fleer readily. 
The head muft be built more bold or rounding for thofe 
boats which are intended for the fea, than thofe for rivers, 
which are generally made very fharp at the head, fo as to di- 
vide and move more freely through the water. The rudder 
and tiller are conftru&ed the lame as other boats. The 
width of the veflcl above water is confiderably incrcafed, by 
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the addition of galleries or gangways, X, X, which are fixed 
projecting from her fides and gunwale : they are computed of 
a thin planking, and are fupported by knees and itanchions, 
fo as to form a gangway to walk round, and a: *h • fame 
time a defence to the paddle-wheels B, B, which are placed 
clofe to the fides of the veffel in the width of the gangways. 
Thefe wheels are put in motion by the (team-engine, and by 
their action againft the water propel the boat forward. The 
paddle-wheels are conflru&ed nearly in the (ame manner as 
underfhot water-wheels, except that the floats or paddles are 
placed inclined to the axis, inftead of being perpendicular 
to the plane of the rim of the wheel. The upper parts of the 
wheels are inclofed in femi-circular cafes of thin boarding Y 
(Jig. i.), to prevent the action of the wind upon their 
floats, which, without this precaution, would materially im- 
pede their motion, becaufe the floats at the upper part of 
the wheels move in a contrary dire&ion to thofe at the lower 
part, where they dip into the water. 

The fteam-engine which gives motion to the wheels, is 
fituated in the middle of the boat ; but it muft be placed 
low, and, if pofiible, beneath the water-line, fo as to a£t in 
part as ballaft to the boat, which will other wife require a 
greater quantity of ballad than ulual to counteract the 
weight of the engine. It is a great advantage to thefe 
boats to be light, and draw little water ; thefe engines mult 
therefore be made as light and compadt as is polhble, that 
none of the parts fhall break. The principal parts which 
require ltrcngth fhould be made of good wrought iron, in 
preference to caft iron, which is ufed for other engines ; for in- 
itance, the beam and connecting rods, and alto the cranks 
and fhaft for the fly-wheel, as well as thofe for the paddle- 
wheels. The wheels themfelves arc made of thick iron plate or 
wood ; the boiler A {Jig. 2.), in which the (team is produced, 
is made of ftrong wrought-iron plates, and as large as the 
fpace which can be allowed for it will admit, that it may 
produce a regular fupply of ftcam to the engine : it is placed 
iometimes acrofs the veffel, and fomelimes in the direction of 
its length, as (hewn in the figure ; and the fire-place is an iron 
tube contained withinfide : / is the fire-door : the fmoke, after 
palling through two or three turns of the tube in the boiler, 
paffes off through the chimney C, which is an iron tube, erected 
perpendicularly in the centre of the veflcl, to a confiderable 
height, as fhewn in the elevation, and is flayed, in the fame 
manner as a malt, by two ropes, or fometimes by iron chains 
from its top, going fore and aft, with a purchafe to each 
to draw them always tight. There is a fafety-valve at </, by 
which the fleam efcapes into the chimney when it is pro- 
duced in too great 3 quantity, and becomes too ftrong, or 
when the engine is not in motion : e is the fleam-pipe, which 
conveys the fleam from the boiler to the ftcam-box f 9 which 
contains the four valves for distributing the fleam into the 
cylinder G, alternately above and below the pillon, fo as to 
give motion to the engine. Thefe valves are made to work 
on the plan of Mr. Murray’s patent, with the fpindle of one 
through the other. The top of the pifton-rod is jointed to 
the middle of a crofs-rod, from the ends of which the two iron 
rods defeend, one on each fide of the cylinder, and are jointed 
to the beam, G P, which is made double, or compofed of 
two levers, joined together in the manner of a frame, fo that 
the caft-iron condenfing ciftern of the engine is contained 
between the two, as they work up and down : the beam- 
centre, or axis of motion, is fupported by two bearings 
ferewed up to the bottom of this ciftern, fo that the beams 
lie clofe to each fide of the ciftern : the cylinder is ferewed 
down upon one end of the condenfing ciftern, and the bear- 
ings for the axis of the crank, R, are fupported ou the other 
end* The beams, G P, are united together at the ex- 
tremity moil remote from the cylinder by a crofs rod, on 
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the middle of which the connecting rod is jointed, which 
rifes upwards to the crank R, on the (haft or axis of the 
fly-wheel M : this crank-axis is fupported in bearings clofe 
on each fide of the crank, which are framed to the condenf- 
ing cittern, and alfo two others at the extremities of the 
axis, which are placed on the gunwale of the boat, fo that 
the (haft extends completely acrofs the vettel, patting through 
the boiler A, in a tube which extends acrofs it, as (hewn 
by dotted lines at a. On each end of the crank* fliaft two 
cog-whecls are fixed, engaging in the teeth of two other 
wheels, O, O, fixed upon the (hafts of the paddle-wheels 
B, B. Thefe laft-mentioned (hafts arc each fupported in 
two bearings, one on the outfide beam of the gangways or 
platforms, and the other on the gunwale of the vettel : the 
cog-wheels, O, O, are fixed on the extreme ends of the (hafts 
within the vettel, and they are one-third or one-fourth larger 
than the wheels on the axis of the crank, fo that the paddles 
do not turn fo faft as the fly-wheel of the engine. 

It i9 needlefs to enter into a defeription of the action of 
the tteam-enginc : the conftru&ion of the valves is the fame 
as deferibed in a former part of this article ( Plate VII. 
fig. 5.), and the engine ails the fame as Mr. Watt’s double- 
ailing engines ; but it is neceffarily modified, to fuit its par- 
ticular fituation, which occafions fome defcils. The cy- 
linder rmilt be made very (hort, to come into the height of 
the boat ; and the conne&ing rod is fo fhort, that the obli- 
quity of its ailion on the crank is very great. The air- 
pump, H, is worked by a crofs-rod, which moves up and 
down with the beams, being connected to them by per- 
pendicular rods. The requisite movement is communicated 
to the valves of the engine by the rod i p> one end of which 
has a circular h< op, that embraces an exccntric wheel p> 
fixed on the axis of the fly-wheel ; fo that in turning 
round, it putties the rod i p backwards and forwards, in 
the manner of a crank, and thereby alternately opens and 
(huts the valves at the proper inftaht to produce the mo- 
tion. There is a throttle-valve placed in the tteam-pipe at 

for regulating the velocity, or (topping the engine, 
when required. 

The arrangement of the apartments in a fteam-vettel may 
be varied according to the purpole for which (he is to be 
employed. In the drawing, we have given the arrangement 
which appears belt adapted for the convenience of paf- 
feegerg, in a veflel for quick travelling (See the plan, 
fig. 2 ) The after or grand cabin, marKed 1 in the figure, 
i6 generally fitted up and furmfhed in an elegant ltyle, 
for the ufe of the bed company, who alfo occupy the 
deck a**d gangways abaft the chimney. The entry to the 
grand cabin U at the (tern of the veil'd. The grand cabin 
is generally fituated in the after-part, on account of there 
being the molt room in that part, the engine being always 
placed confnlerably nearer the bead of the vettel than the 
(tern : 3 »s a fmall room for the ule of the pattengers, and 
has a door coming out on the gangways. The entry to the 
engine* houfe is by tteps from the gangway on the oppofite 
fide ; and the fame entry ferves for a final! room 4, in which 
the iteward keeps his (tores. The coals for working the 
engine arc flowed beneath the floors of the cabins, and the 
engine-man draws them out with a long hook as he wants 
them. The fo ward-cabin, c, is for paffengers who pay lefs 
tkan the others ; it has a large counter or cheft in the 
middle, which will contain all the luggage, and ferves alfo 
as a table for thofe who fit round U. Thefe pattengers 
have the ufe of the deck forwards of the chimney ; but the 
gangways at that part are aimed entirely occupied by a 
hrge water calk on each fide, the cable, fpare fails, or 
whatever the veflel may require. The rigging of the boat 
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is evident from jig. 1 : (tie earries two large lugger-fails* 
one fore and the other aft 5 but as thele are only intended tv 
be 11 fed in fine weather, with a fair and light wind, the 
malts and cordage may be as light as is convenient. A pair 
of hahards (hould be provided to the chimney, to hoift 
oecaiionally a large light lugger-fail ; and if the chimney it 
not fufficiently llrong, a pair of extra flays may be fet 
up to ftrengthen it. The chimney is generally made to 
lower down, for the convenience of patting bridges, when 
the vettel navigates a river. 

The paddle-wheels of one of the boats on the Clyde, 
which, Mr. Buchanan fays, is conftdered as a itandard, 
are 8 feet 10 inches diameter, and 4 feet wide, and are 
calculated, when the engine makes 45 ftrokes per minute, 
to move at the circumference, or (trike the water at the 
rate of 13 miles per hour. She is about 80 tons burden, 
and is 69 feet from Item to Item, and 15 feet 2 inches 
wide in the beam. The engine is of 14 liorfes’ power, 
and (he goes at an average fix miles per hour in (till water : 
therefore, if there is a current, (he will go as much fatter or 
(lower than fix miles per hour as the velocity of the current. 
The motion of the paddles ri rather more than twice that 
of the boat. 

Steam-boats have been built with much more powerful 
engines, even 20, 25, and 30-hnrfc power; but the increafe 
of the velocity has not been in proportion to the increafe of 
the power of the (team-engines. This will not be fur- 
prifing, when it is confidcred that the refiftance to which a 
boat is fubjedt, incrcafes not in an arithmetical proportion, 
(as 1, 2, 3, 4, 5, See. ) but in proportion to the fquaret 
of velocity (as 1. 2. 4. 8. 16. 32.) In other words, to 
make the fame vettel move with ten times a given velocity, 
it requires onti hundred times the power ; and it is farther 
to be confidcred, that one or more powerful engines above 
mentioned are heavier, and require a greater floating body 
to fupport them, which of courfe increafes the refiftance. 
On railways, an increafe of velocity requires only an arith- 
metical increafe of power ; and to draw a carriage on a rail- 
way with ten times a given velocity, would require only ten 
times the given power. 

Steam-boats require a greater power of (tecrage than any 
Other veilel of their fize, as thofe hitherto conttru&ed are 
let « eattly turned than veffels impelled by (ails only. The 
tendency of the wheels a&ing fo near the centre line of the 
vettel, is to propel her ftraight forward ; whereas in turning 
a failing vettel to the wind, the fails aid her in coming 
about ; and even common oars a& fo far out from the fide 
of the vettel, that they have much more power to bring her 
round than the wheels of a fleam-boat can poflibly have. 

A molt important point is to have a good (team-engine. 
All the engines hitherto ufed in Scotland have been made 
on Mr. Watt’s principle; but thofe in America have been 
high-preffure engines, which being more fimple, and left 
expenfive, fome have been conttru&cd in England, But 
one of them having exploded in an American boat, the 
proprietor* of fome of the Englifli boats have changed 
their engines for others on Mr. Watt's principle, to avoid 
iimilar accidents. We think it quite unjuttifiable in any 
engineer to advife the contt ruction of fleam-bouts with 
high-p rellu re engines, at leaft for pattage-boats, in which 
fo many perfons are always attembkd together, and fo near 
to the engine, that they would be all deitroyed in the event 
of the boiler bur fling. 

Thofe engines which work with a bell-crank, or a double 
berm, below the cylinder, and on each fide the cittern, 
inftead of a beam working above, are found to (train the 
veflel® : thofe having the beam above, work much more 
Q 2 
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Iteadily. The engines that MefTrs. Boulton and Watt have 
hitherto conftrufted have had beams : other engines have 
had cylinders horizontally. Mr. Brunei's engine, of 
which we have before fpoken, has two cylinders afting al- 
ternately, fo as to require no fly-wheel 5 but. many engines, 
on the common conftruftion, have been made without fly- 
wheels, by having the paddle-wheels fufficiently heavy to 
anfwcr the purpofe. 

With regard to fuel, it is obvioufly much more difficult 
to have every thing kept in proper order in a boat, where the 
engines are much confined, and the cylinder is made to 
work with very fhort ltrokcs, by which the ad ion on the 
crank is fo oblique, and changes its direftion fo frequently, 
that the greater part of the power is loll. The quantity of 
fuel ccnilantly 11 fed in (team-boats has been much greater 
than the ufual allowance for MefTrs. Boulton, Watt, and 
Co.’s {team-engines. For one of 14-horfe power, they 
allow 1 cwt. 1 qr. 20 lbs. per hour of good Newcaflle coal ; 
bur Glafgow coal ri much weaker. One of the boats, with 
an engine of 33 horfc power, requires 3 toils 12 cwt. from 
Glafgow to G»- enock (fully 29 miles), and back to Glaf- 
gow. One 01 1 5-horle power, and another of 8-horfc 
power, take each the lame quantity, viz. from Glalgovv to 
Greenock. (26 miles), and back to Glafgow, t ton 1 cwt. 
For farther particulars on (team-boats, lee Roberton’s 
EfTay on Propclhng Veffels, 8vo. 1816. 

The duplication of Steam- Engirut to driving of Carriages . — 
Thefe are now called locomotive engines, and we may date 
their introduction with the parent of MefTrs. T revet hick and 
Vivian m 1802,' for the high-prellurc engines, which were 
exprelsly intended for working carriages. It would have 
been very difficult to have luce ceded with any other kind 
of engine, as the weight of the water neceffary to cffeCt 
condenfation mult be fo great. Mr. Trevethick made a 
locomotive engine in South Wales in 1804, which was tried 
upon the rail-roads at Merthyr Tidvil. The engine was the 
fame a f > that of which we have given an account of its work 
in fpeaking of the high-preffure engine*-', having an eight- 
inch cylinder, and a four-feet fix-inch ftroke. It drew after 
it, upon the rail-road, as many carriages as carried ten tons 
of bar-iron, for a did ance of nine miles ; and it performed all 
that diltance without any farther fupply of water than that 
contained in the boiler at fetting out, travelling at the rate of 
five miles per hour. 

Since that period they have been tried in many places upon 
rail-roads, but we do not think they had been really put in 
praftice, fo as to work conltautly, until 1811, when Mr. 
Blinkinfop, proprietor of the Middleton coal-works, winch 
fupply the town of Leeds, adopted them for conveying the 
coals on his rail -road. 

Mr. Trevethick’s fivfl engines confided of ahigh-preflure 
engine, with a boiler of caft-iron, of a cylindrical form, fix feet 
long, and four feet three inches diameter, the fire-place being 
withinfide. The cylindrical boiler was mounted horizontally 
upon four wheels, and the cylinder of the engine w as placed 
vertically in the end of the boiler, having two connecting rods 
defeending from the crofs-bar of its piitonrod to two cranks, 
upon an axis extending beneath the boiler and cylinder, and 
communicating its motion, by means of w heel -work, to the two 
fore-wheels, upon which the engine runs ; and by this means 
the alternate afeending and defeending motions of the pilton- 
rods aft to turn round the crank and wheels, and draw the 
carriage forwards : in this way no fly-wheel was neceffary, 
becaufe the momentum of the carriage to advance itfclf for- 
wards on the road, continued the motion of the wheel* and 
cranks fufficiently to make the cranks pafs the lines of the 
•entre. Where thefe engines were tried, it was found diffi- 
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cult to make the wheels take fufficient hold upon the rail- 
way to draw any confiderable load after it, unlefs the weight 
of the engine and work refling upon the wheels was made 
very confiderable, and then the common iron-rails of the 
railway were fometimes broken by the palling of the 
engine. 

Mr. Blinkinfop, when he adopted the locomotive engine, 
took up the common rails on one fide of the whole length of 
the road, and replaced them wi.h rails which had large and 
coarfe cogs projeftiug from the outfide. Thefe cogs arc 
cafl at the fame time with the rails, and are hollow beneath, 
to be as light as is confiikent with flrength and durability. 
The pitch of the cog?, or diltance from centre to centre, 
is fix inches, fo that each rail, of three feet in length, has 
only fix cogs. A wheel, which is fixed on an axis at one 
fide of the carriage, works in the teeth of the rails ; and as 
it is turned by wheelwork from the axis of the cranks, the 
whole machine is caufed to advance along the railway. When 
we faw Mr. Blmkinfop’s iirft trial, he employed a fmall 
condcnfing engine, but finding the water to grow fo hot that 
he gained but little by the condenfation, he applied a high- 
pre fibre engine with a wrought-iron boiler, and two cy- 
linders in it. acting upon ieparate cranks, fo as to produce a 
conflant aftion to advance the carriage without the neccllity 
of ufir.g a fly-wheel. 

A firnilar machine has been tried at Ncwcaflle, but they 
have attempted to employ the whet Is alone, without cogs 
upon the rails. To relieve the weight upon the rails, 
and obtain greater re-aftion to advance the cjirvu^e, they 
applied fix wheels for the carriage to run upon ; and to 
make the bearing equal upon ail fix, the two middle wheels 
were applied to the pillon of a fmall cylinder beneath the 
carriage, into which fleam was admitted, and by its prefiure 
bore up a portion of the weight of the engine; and ac- 
commodated itfelf to any inequalities of tile railway. 

At prefent, locomotive engines have been confined to 
moving upon iron-railways; to make fleam-engines draw car- 
riages upon public roads, is a refinement not yet attained. 

In drawing up this article, we have derived confiderable 
affiftancc from books, as our numerous references will teflify ; 
at the fame tune we cannot refer to any one work in the 
Englifh language for a more detailed account of the fleam- 
engine than wc have here given. Many detached memoirs 
on particular points of the principle or conftruftion of the 
lteam-engine, may be found difperfed through the forty-fix 
volumes of the Philofophical Magazine, and the Philofophi- 
cal Journal. The firlt and fecond volumes of the quarto feries 
of the latter work contain a (ketch of the hiilory of the 
invention, but no particulars which are not given more at 
large in this article. 

The Repertory of Arts, Manufactures, and Agriculture, 
confifliiig of fixteen volumes of the firfl feries, and twenty- 
eight volumes, now published, of the fecond feries, contains 
the fpecifications of a great number of patents for inven- 
tions relating to the i nprovement of fleam-engines, of 
which we have noticed nearly all in this article, which ap- 
peared to poilefs merit, or to have been fuccefsfully put in 
practice. 

The article Steam-Engine in the third edition of the En- 
cyclopaedia, which was written by Dr. Rubifon, is the beft 
and mod philofophical view of the fubjeft, but he has not 
entered at all into details ; and as this was compofed twenty 
years ago, the improvements made fince that period, in the 
conftruftion of the machine, have made a total change. 

The fulled account of the improved fteam-engine is by the 
celebrated French engineer. M. Prony, who devotes the fecond 
volume of his “ Nouvelle Archite&ure Hydraulique,” 1796, 
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eitprefsly to that fubjeft. He defcribes four or five engines, 
with a great number of large plates, containing every detail 
of their conftruftion. The work is little more than a defcrip- 
tion of the plates. Thefe engines are not the bed fpecimens 
of Mr. Watt’s invention ; they were all conflrufted in France 
by M. Perrier of Paris, who, in 1780, erefted a large engine 
at Chaillot, to pump up the water of the Seine for the fupply 
of the town, and another of fmaller dimenfions on the oppo- 
fite fide of the river at Gros Caillou. Thefe engines are dill 
at work, and the writer of this article vifited them in 
1814 ; they are upon the plan of Mr. Watt’s fird engines, 
though, for want of attention to fome minute particulars, 
they do not produce any great effefts. M. Perrier had 
vifited England to obtain the requifite inftruftions for making 
thefe engines. 

The double-afting engine of Mr. Watt was carried 
into France by M. Betancourt, whofe experiments on the 
expanfive force of deam are referred to in this article. 
This gentleman came to London in 1788, with a view of col- 
lefting models of improved hydraulic machines for the court 
of Spain, and was admitted to examine the deam-engines 
made by Meffro. Boulton and Watt at the Albion Mills for 
grinding corn, which were the fird large double-afting en- 
ines they had made. M. Betancourt has, in effeft, made a 
ind of fecomlury claim to the invention of the double engine ; 
for he informs us, that he faw in part the exterior conflruftion 
and operation of tliofc machines, but the interior mechanifm 
was fo concealed from him, a? well as from others who had 
had the fame curiofity before him, that he could only gueis 
at the nature of the conflruftion. He obferved, that the 
chains which are ufually applied to the extremities of the 
beam were fuppreffed, and that, indead of thefe, they had 
applied the parallel motion ; that the different parts of the 
machine were fo mafleed by the diflribution of the building, 
which ifolatcd even the exterior parts into different apart- 
ments, as to prevent him from comprehending their corre* 
fpondence ; but, from the refult of all his observations, he 
concluded the machine was of double effeft. 

On returning to Paris, M. Betancourt made a model of a 
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double cylinder, on a fcale of an inch to the foot ; and, as 
he did not know the arrangement of Meffrs. Boulton and 
Watt’s valves, he invented thefe parts himfelf ; and M. 
Perrier, from this model, conflrufted a large machine in 1790, 
at the ifle of Cygnes, in Paris, for grinding corn. By examin- 
ing the conftruftion of this engine, which is fully deferibed 
by M. Prony, it will appear that M. Betancourt made good 
ufe of his observations, for we find the engine to be the fame as 
Mr. Watt’s in every particular, except in the arrangement of 
the valves', which part is very defeftive, as both the fleam-pipe 
and exhauffing-pipe muff be filled with (team, and emptied 
at each ftroke, in addition to the content of the cylinder, 
without producing any effeft to work the engine. A dif- 
ferent conftruftion by M. Betancourt, with two cocks, is alfo 
deferibed, but it has the fame deleft, of which M* Prony 
was fenfible ; and in a fecond machine which he defcribes, 
points out the remedy, by varying the arrangement of the 
valves, fo as to bring them very nearly the fame as Mr. 
Watt’s, though externally of different appearance. None of 
thefe engines have lleam-jackets for the cylinders, nor is the 
expanfion principle mentioned by M. Prony. The beautiful 
contrivance of the regulation by the flying-balls is not de- 
Icribcd, but all the engines are regulated by a water-cittern 
and pump, which we have here deferibed. See alfo Re- 
gulator. 

It is to be regretted, that none of our experienced engineers 
have undertaken to write a work on fleam-engines, as there 
is not any fubjeft in mechanics fo interetting and ufefuk 

Almofl every introduftion to philofophy contains a de* 
feription of the atmofpheric fleam-engine, and moil of the 
modern ones a fhort account of Mr. Watt’s improvements ; 
but thefe are in general very flight and defeftive ; the beft is 
in Brcwfter’s edition of Ferguton’s Leftures, which gives a 
fketch of Mr. Watt’s double engine, with the parallel levers 
and rotatory motion ; and we believe it was the firil de- 
fcriptioTi publi (bed of that valuable invention, though it had 
been in general ufe for twenty-five years before.. The en- 
gine is clearly deferibed in the Britifli Encyclopaedia, 8vo. 
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Steel 


.ST FEE, in the Arts , a moft valuable metal, confuting 
of in. . combined with carbon. It is chiefly ufed for edge- 
tool-, a <d oilier cutting inftruments, and from its finepoufli 
is i r 'U in ornaments of various kinds. 

In chemiftry it is called a carburet of iron. 

Its hardnels is greater than that of iron ; and its molt 
valuable property is, that it can be made harder than any 
other metal, by luddenly cooling it when heated to rednefs : 
alfo, if it ivS heated to a lower temperature than rednefs, 
and fuddenly cooled, it becomes the moll elaftic of all the 
metals. It is of a darker colour when pohfhed, and mains 
its polifh much longer, not being fo liable to oxydate. 

The fpecific gravity of fteei is greater than that of iron : 
thus, the fpec. grav. of calt-iron is .720705 malleable iron, 
.77880 ; fteei in its foft ft ate, .78404; hardened fteei, .78180. 

Sreel is manufactured by two procefles, one in which the 
fteei is made from pig-iron at once in the finery : this is 
praCtifed in Germany, and is called natural iteel. Cemented 
fteei is formed by ttratifying bars of iron with powdered 
charcoal in a clofe velfel, and by keeping the mafs at a brifk 
red heat for a longer or fhorter time, depending upon the 
fixe of the bars. This procefs is called convcrjton. The tell 
of the converfion being complete is its bliftcred appearance, 
from which it has been called bliftered fteei. A6 the fteei m 
this change does not undergo fufion, all the imperfections 
in the mechanical texture of the iron will ftill be found to 
exilt in the Iteel. A drawing of the furnace* cm ployed for 
this procefs is given in Plate VII. Iron Manufacture ; for 
the references to which, as well as the mill for tilting fteei, 
fee Tilting of Steel. It is from bliftered Heel that all the 
different kind* of fteei arc manufactured. Thefe are prin- 
cipally of two varieties, vix. caftfleel and Jhear-Jlccl . 

Caft-fteel is bliftered Iteel fuled and cait into ingots, 
which are afterwards drawn into rods by the hammer, or 
by rolling. By this change the fteei becomes much harder, 
and of courfc entirely free from thofe feamd and other de- 
feats, which exift in the bliftered ft "el : this is what renders 
caft-fteel fo much better for polifhed goods : h>r when 
bliftered fteei is attempted to be polifhed, the furfaee is 
feen to abound with numerous fpots, arifing from mechanical 
defe&8 in the bars previous to converfion. 

Caft-fteel works much harder under the hammer, and 
will not bear much more than a red heat, without breaking 
in pieces under it. This, however, is more clpecially confined 
to that commonly made ; fince caft-fteel may be made which 
will bear a white and even a welding heat ; but it requires 
a much greater heat for its fufion, and would in confc- 
quence be fold at a higher price. 

The refufe of bliftered or common fteei is generally 
melted into caft-fteel 5 but this is not of the beft quality. 
The beft caft-fteel is made by melting the bars of bliftered 
fteei, which, for this purpofe, are a little more conveitcd 
than for ordinary purpofes, in order to give the fteei a little 
more carbon than if it were ufed in the ftate of bliftered 
fteei. The bars are broken into fmall pieces, for the purpofe 
of flowing the greateft quantity in the crucible. 

’ The furnace employed for melting of fteei is ttie beft con* 
ftrufted air-furnace, and is fimilar in form to thofe ufed by 
brafs and iron-founders in the fmall way, where the crucible 
is employed. That part of the furnace containing the 
crucible and the fuel is 'of a prifmatic form, about twelve 
inches fquare, and two feet in length from the grate to 


the top where the cover is placed. About three inches 
below the cover is a horizontal opening, called the throat 
of the furnace, which leads dire&Iy into the chimney. 
This opening is about three inches by fix, and muft never be 
lefs than the open part of the grate. In fome manufac- 
tories, ten or twelve of thefe furnaces are at work at one 
time. The mouths of the furnaces are level with the floor 
of the room where the calling is performed. Thefe are 
arranged along the two oppolite walls, each containing a 
Hack of high chimnies. The alh-pits of thefe furnaces 
terminate in a cellar below*, which is well fupplied with air. 
The crucibles in which the fteei is melted are made on the 
fpot. The material is Stourbridge clay, to which a little 
coke-duft is added. They are formed in a mould of caft- 
iron, of the form of the out fide of the crucible. The pro- 
per quantity of tempered clay io firft put into this mould, 
and then a wooden plug is driven in to form the infide of 
the crucible. They are then gradually dried, and fhghtly 
baked, at a much lefs heat than is given to the iofteft 
pottery. The crucible is generally removed from the 
baking fire to the furnace, w hich would be liable tc crack 
if put into the fire cold. The crucible is placed upon a 
Hand about four inches high, which is alfo placed upon the 
middle of the grate. The bafe of this (land 11 lefb in dia- 
meter than the upper part, in order to intercept the air the 
leaft pofiible. Each crucible is alfo provided with a flat 
cover, made very true on the under fide, fo as to fit. It is 
a little larger than the top of the crucible, in order to be 
eafily removed with tongs. The cover i9 generally made 
of fire-clay a little more fufible than that of the crucibles. 
This admits of as much vitrification between the cover and 
the crucible, before the melting of the fteei, as ferves to 
keep out the air, which, at this high temperature, would 
injure the quality of the fteei, by firft deftroying its carbon, 
and then oxydating the iron. In order, however, to guard 
more completely againft this evil, fome make ufe of what 
is termed a flux. This confifts of any eafily vitrifying 
fubilance, fuch as bottle-glafs, in very fmall quantity. The 
fubftance now employed is the blall-furnace cinder. 

The fuel ufed for melting Iteel is the coke of pit-coal, 
very highly baked in kilns ufed for the purpofe. The 
fra ft ure theie cokes is white and brilliant. They are 
fo hard s to be fonorou 9 -, and their fpecific gravity is 
much greater than ordinary cokes. This coke, being 
broken into pieces about the fize of an egg, is made to 
furround the crucible clofely on all fides, and a few inches 
above toe fame. The heat required to melt fteei is fo in- 
ter, fe, that if the fuel were not firm and denfe, the fire 
would n«>t laft till the fufion took place. This would 
require a fupp * of c Id fuel, which would not only en- 
danger the crucible, but occafion great delay. When the 
fteei i« thorough!) tufed, the crucible is withdrawn with a 
pair of long tongs, opening with two concave jaws to fit the 
cylindrical form of the crucible. The tongs are not re- 
moved till the metal is poured. Immediately on bringing 
it out of the fire, previous to which the cover ie removed, 
fome fcoria, or refufe arifing from the flux, is firft removed. 
This expofe* the Iteel to the aftion of the oxygen of the 
atmofphere. Particles of the metal are now ieen to dart 
out of the crucible in bright corruptions, and thefe con- 
tinue all the time the metal is pouring into the mould, 
caufing a grand and interefting appearance. The mould is 
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of call iron, giving an oftagonal fhape to the ingot. 
Thefe moulds are of various forms. Thofe ufed for lteel* 
plate are in the form of parallelograms : and thofe for 
making large faws are fmaller at each end, in order to roll 
out into a plate nearly of the form df the faw. 

The fteel known by the name of (hear-fteel, has been fo 
called from its application to the cutting part of (beep or 
wool (hears. It was formerly manufa&ured at Newcaftle- 
upon-Tyne, and has been called Newcaflle fteel. From 
being fubjefted to a fimilar procefs to the natural fteel made 
in Germany, it has alfo been termed German fteel. 

We have before obferved, that the bar-iron of which 
fteel is made, contains many defers in its mechanical texture. 
In this Hate, it is faid by the workmen to be lool'e, and is 
more or lefs fo, as depending upon the management of the 
bar-iron maker. The manufacture of (hear-ltecl confilts in 
removing thefe defcfta, and at the fame time giving it what 
is called increafed fibre by the operation of hammering. 

The fu ll preparation is to lay a number of bars of bliftered 
fteel together, and bind them with iron rings at one end, fo 
that the bars which arc put in the fire may not be difplaced. 
A portion of thefe united bars is now fo be heated to a 
full welding heat, keeping the furface well defended by 
throwing powdered fand upon it from time to time. This 
fufe8 with the oxyil of iron, forming a liquid coating, which 
defends the furface from the action of the air. If this pre- 
caution is not obferved, the Heel, when heated to"the degree 
of welding, would become what is termed lurnl, and its 
malleability be impaired. In the welding ftate it is placed 
under a forge-hammer, working by water or a Iteam-engine ; 
when the bars become firmly united, and all the loofe parts 
previoufly exilling in the malleable iron are t at the fame time 
made found. When a little more than half the length of the 
bars is treated in this way, the iron rings are removed, and 
the other end heated and hammered m a (imilar way. The 
welded mafs is now drawn down into finall bars about 
an inch and a quarter broad, and three-eighths or half an 
inch in thicknefs. In this ftate it is Lid to the confumer, 
who afterwards has it reduced to different fized rods by the 
tilt-hammer. The Heel is rendered fo compact in texture 
by the welding and hammering, as to become fufceptible of 
a much better poli(h than bliftered fteel is capable of ; at 
the lame time that its tenacity and malleability are much 
improved. The former improvement highly fits it for table- 
knives : the latter makes it valuable for fprings of various 
kinds, particularly thofe of gun-locks. 

The procefs by which this fteel is formed has another 
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advantage befides rendering it found and more malleable. 
It is found fofter and more kind than the bliftered fteel 
from which it is formed, and is much more uniform in its 
quality. This may be explained by the fait, that a quan- 
tity of the carbon of the bliftered fteel is difiipated in the 
form of carbonic acid during the welding and hammering, 
by which a fteel is obtained, having a lefs than ordinary 
proportion of carbon, and is in confequence lefs liable to 
break in bending, and at the fame time fofter and more 
flexible. Indeed, if the procefs of welding and hammering 
were repeated feveral times, the fteel would lofe the whole 
of its carbon, and become pure iron. 

Bliftered fteel (hould not be ufed but for the com- 
moneft purpofes, where great tenacity of polifh is not an 
objedt. For all nice purpofes, where great tenacity and 
foundnefs are neceffary, (hear-fteel (hould be employed ; and 
where a fine pulifh or great hardnefs is wanted, caft-fteel is 
indifpenfable. See Iron and Cutlery. 

Stefx, Jniuoling, or N ruling of, is for the foftening it, 
in order to make it work eafier ; which is ufually done 
by giving it a blood-red heat in the fire, and then taking 
it out, and letting it cool of itfelf. 

Some have pretended to fecrets in annealing, by which they 
could bring down iron or fteel to the temper of lead : this 
was to be done by often heating the metal in melted lead, and 
letting it cool again out of the lead. But this method has 
no other effeft than what is obtained from the former, when 
the cooling is very gradual. 

Steel may indeed be made a little fofter than in the com- 
mon way, by covering it with coarfe powder of cow-horn, 
or hoofs : thus inclofing it in a loam, heating the whole in 
a wood-fire till it be red-hot, and then leaving the fire to 
go out of itfelf, and the fteel to cool, which it will do 
flowly from being inclofed. See Tempering, and Steel, 
fupra. 

For the expanfion of fteel by heat, fee Pyrometer. 

Steel-G/j^w, a name given by fome authors to the metal- 
line fpheres ufed in optics. Thefe, according to Cardan, 
are made of three parts of brafs, one part of tin, and one of 
filver, with an eighteenth part of antimony ; but moft either 
totally leave out the filver, or add only a twenty-fourth part, 
to fave the expence. There are many other methods, directed 
by feveral authors, but moft ufe arfenic and tartar, mixed 
with the metals. Thefe are afterwards to be polifhed with 
emery, rotten-ftone, putty, and the like. 

Steel-Ow, is ufed to fignify a particular kind of lead-ore. 



Stereotype Printing 


STEREOTYPE Printing. This art having of late 
years come very much into ufe, we (hall give a (hort (ketch 
of its bijlory, prafiice, and advantages . 

The method of printing linen and paper-hangings has 
been known in the Eaft from time immemorial. Printing 
on wooden blocks, which is the mode now ufed by paper, 
ftainers, has been pra&ifed fifteen or fixteen hundred years in 
China. According to this plan, when an author means to 
print his work, he has it fairly tranferibed upon a thin and 
femi-tranfparent paper. Each leaf is then reverfed upon a 
fmooth block of hard wood, upon which the engraver cuts 
the characters in relief. There muft, therefore, be a feparate 
block for every page. About the clofe of the 14th cen- 
tury, the Italians, Germans, Flemings, and Dutch, began 
about the fame time to engrave on wood and copper, but 
the previous advances had been gradual. The inferiptions 
in relief, upon monuments and altars, in the cluifters, and 
over churchy porches, ferved as models for block-printing. 
The letters upon painted windows refemble thofe in the 
books of images. The invention of cards was probably 
an intermediate ftep ; and it has been inferred, as well from 
edi&s civil and ecclefialtical, as from the figures on the 
cards, that thefe were firft brought into ufe about the year 
1376, to amufe, it is faid, Charles V. of France. By the 
fhape of the crowns, and the feeptres with the fleur-de-lis, 
it has been thought they were invented by the French ; 
but the names of the fuits rather imply, that they are of 
Spanifh or Italian origin. At firft cards were painted, but 
about the year 1400, they were printed from wooden 
blocks. To this we may dire&ly trace the art of printing. 
The books of images, which form the next ftep, were 
printed on wooden blocks: one fide of the leaf only is im- 
prefled, and the correfponding text is placed below, or on 
the fide, or proceeding from the mouth of the figure. Of 
thefe fcarce books, Lambinet gives the following enumera- 
tion : 1. « Figure typicae veteris atque antitypicae Novi 
Teftamenti,” which in Germany is called the Bible of the 
poor, becaufe it was originally intended as an abridgment 
of the feriptures, for thofe who could not purchafe, or who 
had not leifure to read the whole. There is a copy of this 
work in the Bodleian library, and another at Chrift’s col- 
lege, Cambridge. 2. " Hiftoria S. Joannis Evangeliftse, 
ejufque vifiones evangeliftse, ejufque vifiones apocalyp- 
tic*.” 3. K Hiftoria feu Providentia Virginia Marise, &c.” 
4. “ Ars moriendi.” 5. “ Ars memorandi notabilis per 
nguras Evangeliftarum.” 6. u Donatus, feu grammatica 
in ufum fcholarum confcripta.” 7. “ Speculum human* 
falvationis.” 

It is almoft certain, therefore, that from the cotton and 
filk-printing of the Indians, the Chinefe. block -printing, 
and the books of images juft alluded to, and perhaps from 
the mode of writing among the bards, who cut their poems 
upon bars of wood, and which they call carving a book, 
the idea of ftereotype printing is not of modern origin, 
That it was prior to the art of printing by moveable types 
there can be no doubt, fince this latter mode of printing 
was firft fuggefted by the Catholicon, which was printed 
with wooden tablets, in a feries, and compofed in forms. 
This mode of printing, except in China, where it is ftill 
pra&ifed, was laid afide foon after the invention of the 
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common letter-prefs printing. 

The hiftory of the modern ftereotype is involved in fome 
obfeurity. In the Philofophical Magazine is the following 
account : “ Above a hundred years ago, the Dutch were in 
pofieifion of the art of printing with folid or fixed types, 
which were in every refpe& fuperior to that of Didot’s 
ftereotype. It may, however, be eafily underftood, that 
their letters were not cut in fo elegant a manner, efpecially 
when we confider the progrefs which typography has made 
fince that period. Samuel and J. Leuchtmans, bookfellers 
at Leyden, have ftill in their poffeflion the forms of a 
quarto bible, which were conftrudted in this ingenious man- 
ner. Many thoufand impreflions were thrown off, which 
are in every body’s hands, and the letters are ftill good. 

“ The inventor of this ufeful art was J. Vander Mey, who 
refided at Leyden about the end of the 16th century. With 
theaftiftance of Muller, the clergyman of the German con- 
gregation there, who carefully fuperintended the corre&ion, 
ne prepared and caft the plates for the above-mentioned 
bible, in 4to. This bible was publi(hed likewife in folio 
with large margins, ornamented with figures, the forms of 
which are (till m the hands of El we, a bookfeller at Am- 
llerdam ; alfo an Englifh New Teftament, and Schaaf’a 
Syriac Di&ionary, the forms of which were melted down: 
likewife a (mall Greek Teftament, in i8mo. As far as 
can now be afeertained, Vander Mey printed nothing clfc in 
this manner ; and the art of preparing folid blocks was loft 
at his death, or at lcaft was not afterwards employed.” 
The Dutch editor fuppofes, that the reafon why Vander 
Mey's invention was dropped was, that the procefs was 
too expenfive. 

In the year 1781 was printed, by Mr. Nichols of London, 
a pamphlet, entitled “ Biographical Memoirs of William 
Ged,” including a particular account of his progrefs in 
the art of block- printing. The Jirfi part of the pamphlet 
was printed from a MS. di&ated by Mr. Ged juft pre- 
vioufly to his death : the fecond part was written by his 
daughter, for whole benefit the profits of the publication 
were intended : the third is a copy of propofals iffued by 
Ged’s fon, in 1751, for reviving his father’s art ; and to 
the whole is added Mr. More’s narrative of block-printing. 
It (hould feem from this publication, that in the year 
1725, Mr. Ged began his fcheme of block-printing. In 
1727 he entered into a contraft with a perfon who had 
a fmall capital, but who, alarmed at the fuppofed rifle 
of lofing the little which he had, abandoned the concern, 
after he had expended little more than twenty pounds. 
In 1729 he entered into a more promiiing partnerfhip with 
a Mr. Fenner, Mr. Thomas Jame6, a type-founder, and 
John James, an architect. Some time after a privilege was 
obtained from the univerfity of Cambridge to print biblcs 
and prayer-books ; but it appears, that one of his partners 
was actually averfe from the plan, and, to thwart the pro- 
ject, engaged fuch people for the work as he thought moft 
likely to fpoil it. One of his people who was entrufted 
with the lecret, avowed, that all the books printed in 
ftereotype had been purpofely made incorred, in confe- 
quence of which they were fuppreffed at the univerfity, and 
the plates fent to the king’s pnnting-houfe, and from thence 
to Caflon’s foundery. «• After much ill ufage,” fays the 
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writer in the Philofophical Magazine, “ Ged, who appears 
to have been a perfon of great honeity and fimplicity, re- 
turned to Edinburgh. His friends were anxious that a 
fpecimen of his art (hould be publilhed, which was done 
by fubfcription. His fon James, who had been apprenticed 
to a printer, with the confent of his m;.fter fet up the forms 
in the night-time, when the other corr.pofitors were gone 
home, for his father to caff the plates from, by which means 
Salluft was finifhed in 1736.” A dopy of this work is in 
Mr. Tilloch’a pofleffion, and alfo a plate of one of the pages 
from which it was printed. Another work was alfo printed 
from plates manufadured by Mr. Ged ; this was the well- 
known book entitled u The Life of God in the Soul of 
Man,” which has the following imprint; “ Newcallle, 
printed and fold by John White, from plates made by Wil- 
liam Ged, goldfmith in Edinburgh, 1742.” 

Fifty years after the invention of plate-printlng by Mr. 
Ged, Mr. Tilloch tells us he made a fimilar difeovery, 
without having at the time any knowledge whatever of 
Ged’s invention. He was aided in bringing his difeovery 
into pra&ice by Mr. Foulis, printer to the univerfity of 
Glafgow. They overcame every difficulty, and were able 
to produce plates, the impreifions of which were as perfed 
and handfome as thofe of the types from which they 
were caft. Though we had reafon to fear, fays Mr. Til- 
loch, from what we afterwards found Ged had met with, 
that our efforts would experience a fimilar oppofition, we 
perfevered in our objed, and took out patents for England 
and Scotland, to fecure to ourfelves, for the ufual term, 
the benefits of our invention ; for the difeovery, he adds, 
was as much their own, as if nothing fimilar had been prac- 
tifed before. Gcd’s knowledge of the art may be faid to 
have died with his fon, whofe propofals for reviving it, 
publifhed in 175*1, not having met with encouragement, he 
went to Jamaica, where he died. Owing to circumftances 
of a private nature, not at all conneded with the (lereotype 
art, the bufinefs was laid afide after fome few volumes nad 
been ftereotyped and printed under the diredion of Meffrs. 
Tilloch and Foulis. 

Some time elapfed, when M. Didot, a French printer, 
applied the ftereotype art to logarithmic tables, and after- 
wards to feveral of the moft popular claflics, fuch as Virgil, 
Horace, & c. and to various French publications. On this 
account, the French lay claim to the invention, but furely 
without even the appearance of jufticr. About the year 
1800, Mr. Wilfon, a printer in London, engaged with 
earl Stanhope, for the purpofe of bringing the ftereotype 
art into general practice. His lordfhip is laid to have had 
fome communications with Mr. Tilloch on the fubjed, 
and afterwards to have received the perfonal attendance of 
Mr. Foulis at his feat, at Chevening, in Kent, where the 
noble earl was probably initiated into the pradical part of 
the operation, and for which, we have heard, he paid 700/. 
as a remuneration. 

After fome years application, Mr. Wilfon, who at that 
time lived in the neighbourhood of Lincoln’s-Inn-Fields, 
but who afterwards removed to St. Pancras, and carried on 
the bufinefs on a very extenfive fcale, announced to the pub- 
lic, that the genius and perfevcrance of earl Stanhope had 
overcome every difficulty ; and that accordingly, the various 
proceffes of the ftereotype art had been fo admirably con- 
trived, combining the moft beautiful fimplicity, with the 
moft defirable economy, the ne plus ultra of perfection, 
with that of cheapnefs, as to yield encouragement to 
the public for looking forward to the happy period when 
an application of this valuable art to tne manufacture 
of books would be the means of reducing the price of all 
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ftandard works* at leaft thirty, and in many cafes forty, per 
cent . 

In 18044 Mr. Wilfon offered, upon certain terms advan- 
tageous to himfelf, the ftereotype art to the univerfity of 
Cambridge, for their adoption and ufe in the printing of 
biblf8, teftaments, and prayer books. Some differences be- 
tween the fyndics and the printer caufed the contraCt to be 
diffolved. Into thefe difputes it is not our bufinefs to enter; 
it will be fufficicnt to add, that at prefeut, at Oxford as well 
as at Cambridge, the ftereotype art is adopted, and thou- 
lands of bibles, &c. iffue annually from their preffes, printed 
on that plan. 

The praClice of ftereotype printing is readily deferibed * 
a page of any w^rk is let up in the ufual mode of printing, 

i ft*c the article Printing,) from which a mould of pLAer, 
imilar to plafter of Paris, is taken off, and from this a plate 
in type metal, from which the ftereotype print is worked. 
Of courfe the whole is fet up in diftind page?, which a»*e to 
be put together in the ufual way before a ftieet is worked at 
prefs. 

It is evident, therefore, that the beautiful fpecimens of 
ftereotype printing fometimes exhibited, and which have 
induced many perfons to aferibe that merit to the art, does 
not in reality belong to it. A ftereotype plate is a fac 
fimile of the page from which it was taken, and coiilc- 
quently cannot exceed in beauty the original type. Ste- 
reotype, therefore, can give no additional beauty to 
printing : this depends on the tafte of the letter-founder, 
and the care of the preffmen. Thofe who produce fine 
fpecimens of ftereotype printing, could alfo give other? 
equally good with the moveable types from which the plates 
are call. 

The metal of which the plates arc to be caft is a com- 
pound of regulus of antimony and hard lead, or tea-cheit 
lead. The general method of mixing the metal is to take 
one hundred weight of regulus of antimony, a d break it into 
fmall pieces, feparating from it all dutt and dirt, and then 
add to it from five to eight hundred weight of hard lead, 
according as the metal is required to be more or lefs hard. 
The lead is to be melted over a flow fire, and when melted, 
and the feum taken off, the regulus is to be put in. To 
every hundred weight of lead may be added a pound or two 
of block-tin, but this is not neceflary. 

In calling the plates, as in every other calling, a mould 
mud firft be made, fo as to form the counterpart of the ori- 
iual type. The fubftance required for this mull be of fo 
elicate a texture when foft, as to be capable of receiving an 
imprefiion from the fineft lines : and when dry, it mult be 
capable of bearing the adion of melted metal. Thefe qua- 
lities will be found in gypfum or plaller of Paris. Gypiiim 
in the rock, as it is called, which is the belt, is plentiful in 
Nottinghamlhire. It has been obferved, that this fubftance, 
when pulverized and mixed with water, foon becomes very 
hard, and will bear almoft any degree of heat ; but it con- 
trails when expofed to fire, and is liable to warp. It is alfo 
extremely difficult to expel the air and moillure which it 
rapidly abforbs, and tenacioufly retains. Thefe are defeds 
refpeding the procefs of calling, which require to be cor- 
reded by compounding it with other fub (lances lefs abforb- 
ing than itfelf. But whatever be added to it mult be capa- 
ble of a fine furface, fo as to preferve a perfed polifh on 
the plate to be caft. The following procefs has been re- 
commended : diflolve a quantity of common whiting in a 
tub of clean water, and make it of the confidence of what 
is generally ufed in white-walhing. Mix the plafter with 
this folution, and it will contrad but little from the heat ; 
the air and the raoifture will be expelled with greater eafe. 
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and the mould will not be fo liable to crack as the plafter 
would alone. 

In making a perfed mould for the page to be caft, a 
frame of cait-iron mult be prepared, nearly half an inch 
wider and longer than the page or pages locked up in the 
chafes. The frame determines the thicknefs and lirength of 
the mould, and requires to be nearly an inch deep. To this 
muft be added four cubic pieces of metal, whofe height 
(hould be exa&ly four-fifths of the height of the letters. 
On the height of thefc, the thicknefs of the ftereotype plate 
depends. The pages in the chafes are now to be laid flat 
upon the moulding table, and the letter, if neceflary, is to 
be planed down to an even furface. In the openings of the 
four corners of the page are to be placed the four pieces of 
metal, on which the frame is to reft when laid over the 
page. 

To prevent the adhefion of the plafter, it will be necef- 
fary to oil the face of the page with a foft brufh; then take 
a quantity of the white-wafh into a wooden bowl, and add 
to it fo much fine plafter as will make it into a thin paite. 
When reduced to an equal confiftency, apply it to the face 
of the letter with a painter's brufh, fo as to fill every cavity, 
and then pour on the remainder of the plafter to fill the 
frame. When beginning to harden, ftrike off the fuper- 
fluous plafter with a ftraight metal rule, and the back of the 
mould will be fmooth and regular. The mould is next 
to be feparated from the page, and to be dried in an 
oven. 

In calling the plates, the dried mould is to be laid in a pan 
about two inches deep, with the face upwards, and a fmall 
moveable ferew is to be placed at each fide or end of the 
pan to furnifh a prefs on the frame which contains the mould, 
and prevent the riling up, and the metal is applied over the 
mould in the pan, and carried to the oven, in which it (hould 
remain from one to two hours, to acquire an equal degree of 
heat ; for on the principle of equal temperature between the 
metal and moulds, the fuccefs of the operation wholly de- 
pends. And unlefs the oven be kept fumciently hot to raife 
the temperature of the moulds to that of the melted metal, 
the experiment cannot fucceed. 

Such is the finenefs of the compofition of the moulds, and 
fuch the accuracy of the procefs, that plates may be caft from 
the fineft engravings as perfeft as the copper-plate itfelf, 
and might be worked in the fame manner, could it be cleaned 
after each operation with the fame facility, and if the metal 
did not difeoiour the paper. Wood-cuts, ornaments, &c. 
are caft in the fame manner, perfe&ly corred. The art has 
alfo been applied to the printing of mufic. 

When the pages are returned from the foundery, they 
require to be thoroughly cleaned ; for if the oil be fuffered 
to remain on the letter, it will not only be difagreeable to 
diftribute and cosnpofe, but the dirt which adheres to it will 
fpoil the next mould to be made from it ; hence it is necef- 
fary that the letter be thoroughly cleaned with boiling water 
and a brufh, which increafes the expences attached to this 
art very confiderably. 

After a plate has been caft, a few fmall imperfedions will 
frequently be difeovered ; fuch as that the eye of the e 9 or 
fimuar letters, may have been full of dirt when the mould has 
been taken ; of courfe the plate will exhibit thofe parts filled 
with metal, which now require to be corre&ed. A workman, 
called a picker , takes the plate, and after clearing it of all 
fuperfluoua metal, pulls a proof, marks the defeds, and 
proceeds to make the requifite alterations in a manner that 
will now be eafily under flood. If, in the courfe of the work, 
any damage be aone to the plate, or any letter or word be 
broken, die picker cuts it out, and inferts in its place a 


moveable type. This is very pra&icable, and only requires 
the letters to be cut fquare, fo that the type may exa&ly 
fit the place. In this way a letter, a word, or even a line, 
may be taken out and corre&ed without injuring the plate. 
The plate is now ready for the prefs, and may be laid on 
blocks, and fattened down with a flip of brafs and a ferew. 

With refped to the advantages to be obtained by the 
ftereotype over the common mode of printing, it may be 
obfervea, that the calculations of Mr. Wilfon, already re- 
ferred to, of an adual faving of 30 or 40 per cent . feem to 
have been much over-rated. Mr. Brightly, who pra&ifed 
the method of ftereotype for fome years, having made fe- 
yeral eftimates, and being himfelf a printer as well as pub- 
lifher, could have no inducement to give an exaggerated 
llatement on either fide of the queftion, feems to doubt if 
there be any faving whatever by the new procefs. Among 
others, he has given the eftimate of the expences of a work 
printed in both ways, equal to twenty Iheets o6tavo, of which 
1000 copies are fold annually. Here he affumes, that in the 
common mode, the 4000 copies mull be worked at once, but 
according to the ftereotype plan, 500 copies are to be 
worked every fix months, to fave the interefl of money. 
Suppofing the paper in both cafes to be thirty (hillings per 
ream, the calculation is as follows : 


Price of Common Printing. 


Compofition 

Reading 

Pref8-work 


Other expences and profits 


One hundred and fixty reams of paper 


Intereft of money for the firft half year 
Ditto for the fecond half year - 
Ditto for the third half year 
Ditto for the fourth half year - 
Ditto for the fifth half year 
Ditto for the fixth half year 
Ditto for the feventh half year - 
Ditto for the eighth half year - 


Price of Stereotype. 


Reading 


Other expences and profits 
Calling plates 
Twenty reams of paper 
Intereft for fix months 


£ 

j. 

d. 

14 

0 

0 

3 

10 

0 

24 

0 
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0 

18 
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6 
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1 

6 

36 
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6 

50 

0 

0 

86 
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6 

30 

0 
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Carryover 119 1 o 
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£ s. d. 

Brought firward - - - 119 1 0 

Coil of the firtt fiye hundred, fecond, and! 
of each fubfequent five hundred, will be > 267 16 9 
38/. 5/. 3 d . - - * j 


386 17 9 

Common printing - - - 336 4 6 

Balance againft ftereotype, after Four years 5013 3 


The next edition of four thoufand copies 1 
by common printing will coft at before j 
Ditto on ftereotype eight times 38^ $s. 3 d. 


33 6 4 <> 
306 


Balance in favour of ftereotype in the 
fecond edition 


Hence it appears, that it will require more than ten years 
to clear the expence of the plates only, and after that it will 
yield a profit of 30/. is. 6 d. on every fubfequent edition of 
4000 copies. 

From the foregoing eflimate, and feveral others given by 
the fame author, whicn are not more favourable to the new 
mode of printing, other advantages mult be looked for than 
thofe which refult from pecuniary favings ; but new difeo- 
veries may render the procefs more economical than it is at 
prefent : thus, if the pages could be call fo true, that they 
might go to prefs, and be worked with the fame eafe and 
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expence as moveable types ; and if a fubftitute could be 
found for oiling and bru Ihing the pages fo as not to wear 
the type, or increafe the labour of the compofitor, more de- 
cided advantages would refult from the introduftion of He- 
reotype : fuch as the following. 

1 ft. On books publilhed in parts or numbers. Purchafers 
frequently take in the early parts and leave off, by which the 
fets become broken and uneven, and a great lofs is incurred 
by the walte of paper. This might be prevented by ftereo- 
type, which fo remarkably facilitates the perfefting any 
parts or numbers that are found deficient. 

2 d) y . 0 n new books of doubt ful fale. The plan of calling 
plates would not involve an expence of more than fncpence 
for an odlavo page, befides the metal, which will ftill retain 
its value. So that a hundred, or a lefs number of copies, 
might be (truck off to afeertain the opinion of the public. 
If it did not fell, the lofs on a work of 20 fheets would not 
be more than about 8/., befides the compofition ; but if 500, 
or 730 copies were printed in the common way, and not lold, 
the lofs would be from 30/. to 40/. 

3dly. The principal advantage is unqueftionably on flock 
books, whether bibles, prayer-books, or fchool-books, par- 
ticularly works of arithmetic, and other branches of mathe- 
matics. Thcfe, by means of the ftereotype, may be brought 
to perfeft accuracy ; and having once attained to that ftand- 
ard, may be kept fo without the poflibility of deviation : for 
this excellence, the public would not grudge even an extra 
price. 




STILL, the name of an apparatus ufed in diftillation. 
See Distillation and Laboratory. See aifo Alem- 
bic, Retort, Worm, &c. 

Dr. Lewis has contrived a ftill, adapted to his portable 
furnaces, which is fufficient for the purpofes of an experi- 
mental laboratory. The body of the ftul is a wide copper 
pan; and, for diftillation in a water-bath, another veffel 
of the fame figure is received into it almoft to the top, the 


fpace between them being nearly filled with water. Both 
thefe vefTels are of the fame width at the mouth, and either 
may be ufed as a ftill equally with the other : either of them 
fcrves alfo, on other occanons, as an evaporating pan, a 
boiler for experiments in dyeing, and other like purpofes. 

All the parts are made of thin copper plate, and well 
tinned on the infide with pure tin. In confequence of their 
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thinnefs, thgy admit of feme alteration of their figure about 
the edges, fo that though they (hould not be perfeftly 
round, they are readily accommodated to one another, and 
fit clofe : the junfture is eafily made perfeftly tight, by 
applying round it narrow flips of moiltened bladder, which 
are more convenient than luting, as being readily Itrippcd 
off when the operation is fmiftied. A ftiort pewter pipe, 
with a pewter (topper fitted to it, for returning the diltillcd 
liquor, or pouring frefti liquor occafionally into the (till, 
without the trouble of unluting and feparating the velfels, 
is foldered into the top of the head, which, iu thefr kinds 
of inltruments, is the moft convenient place for it. For 
feparating, by diftillation, fpirituous from watery liquors, 
or the retkification of fpirit of wine, the head is railed, by 
inferting between it and the breaft, a thin copper pipe 
about two feet long. A worm and refrigeratory are need', 
(ary, as for the common ftill ; and a glals head is requilke 
for fome ufes, particularly for the diftillation of vinegar, 
and fuch other liquors as would corrode a copper one, and 
impregnate themfelves with the metal ; in winch cafe, the 
ufe of the metalline worm alfo is to be avoided, and the 
glafs or ftone-warc receiver joined to the pipe of the head. 
Lewis’s Com. of Arts, p. 9, 10. 

SraL-J?0//imr, in the Dijlillcr y, a name given by the 
traders to what remains in the ilill, after the working of 
the wa(h into low wines. 

Thefe bottoms are procured in the greateft quantity from 
the malt wafti, and are of fo much value to the ditlillcr in 
tlie fattening of hogs, & c. that he often finds them one of 
the molt valuable articles of the bufinefs. They might alfo 
be put to other ufes, fuch as the affording of a large pro- 
portion of an acid fpirit, an oil, a fuel, and a fixed fait ; and 
with fome addrefs, and good management, a vinegar and a 
tartar. Another very advantageous ufe of them, is the 
adding of them to the next brewing of the malt for more 
fpirit ; the increafe of the produce from this is more than 
could eafily be conceived. It alfo more readily difpofes the 
new wafti to ferment, and gives the fpirit a vinofity" that it 
cannot have without it ; the proportion, 111 this cafe, can 
never exceed that of a fifth or fixth part of the whole quan- 
tity of the liquor employed. The liquor left behind in the 
ftill, after the reftifying of the low wines into proof-fpirit, 
is alfo called by fome by the name of (lill-bottoms ; but 
this is little more than mere phlegm, or water impregnated 
with a few acid, and fome oily parts, worth feparating, 
unlefs for curinfity. The liquor, left in the ftill, after 
the reftifying of the proof-fpirit into alcohol, is alfo of 
the fame kind. 

The bottoms of moljiffes fpirits feem calculated for many 
ufes. It is very probable that the vinegar-makers would 
find their account in trying them, and the Itrong and lalting 
yellow colour with which they tinge the hands may recom- 
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mend them to the dyers. A imall proportion of them, 
added to the new treacle to be fermented, greatly promotes 
the operation, and increafes the quantity of fpirit. 

The bottoms of the wine fpirit, that is, the remainder after 
diftilling the fpirituous part from damaged wines, or wine- 
lees, may be brought to afford Mr. Boyle’s acid fpirit of 
wine, and that fubltance, called by Becher the media fub - 
Jlantia vini . A parcel of tartar may alfo be procured in 
very great perfeftion ; and the laft remainder may be con- 
verted into excellent and genuine fait of tartar. The liquor 
may otherwife be ferviceable in making vinegar and white 
lead. Shaw’s Effay on Diltillery. 

Still-Hm/c, The Dutch have much the advantage of 
us in the ftrufture of their ftill-houfes, and have every thing 
in great readinefs and neatnefs. The general rules in buihi 
ing thefe houfes (hould be thefe : 

The firft caution is to lay the floor aflope, not flat, where 
any wet work is to be performed : it fliould alfo be well 
flagged with broad ft ones, fo that no wet be detained in the 
crevices, but all may run -off, and be let out at the drains 
made at the bottom and fides. 

The (tills (hould be placed abreaft on that fide of the ftill- 
houfe to which the floor has its current. The largeit (tills 
in Holland, for their greateft works, are never of that mon- 
(trous fize which are conftrufted in England, but much more 
manageable and convenient, as feldom containing more than 
fix or eight hoglheads ; and with fuch (tills a fmgle hand 
will perform mure bufinefs than with one of a much larger 
fize. Fronting the Hills, and adjoining to the back wall, 
(hould be a Itagc for holding the fermenting backs, and 
thefe being placed at a proper height, may empty them - 
(elves by means of a cock and a canal, into the (tills, which 
are thus charged with very little trouble. 

Near this let of fermenting backs (hould be placed a 
pump or two, that may readily fupply them w'ith water by- 
means of a trunk or canal, leading to each back. Undei 
the pavement adjoining to the dills (hould be a kind of cel- 
lar, wherein to lodge the receivers, each of which (hould be 
furnilhed with its pump, to raife the low wines into the ftill 
for rectification ; and through this cellar the refufewafh, or 
(till-bottoms, (hould be difeharged by means of a hofe, or 
other contrivance. Thefe are the principal things to be 
regarded in the erefting of a ttill-houfe for the original pro- 
duction of fpirits ; and if thefe rules are well obferved, malt- 
fpirit will be made with little more trouble than molalfes ; 
for by this means the bufinefs of brewing and cooling the 
wafti, which, according to the method generally praftifed 
in England, takes up fo much time and trouble, is entirely 
faved, fermentation is carried on to a much greater advan- 
tage, and the quantity of fpirit iricreafed. Shaw’s Efiay 
on Diltillery. 
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Stocking-F/'/tw^, a mod ingenious machine for weav- 
ing or knitting of docking*. To comprehend the aft ion 
of this machine, which is extremely complicated, it is fird 
nccefl’ary to have a perfeft idea of the nature of the fabric 
which is produced by it : this is totally diltinft from cloth 
woven by a loom, as the flighted infpeftion will (hew; for 
inftead of having two didinft fyftems of threads, like the 
warp and the weft, which are woven together, by eroding 
each other at right angles, the whole piece is compofed of a 
Angle thread, united or looped together in a peculiar manner, 
which is called Itocking-ftitch, and fometimes chain-work* 
This is bed explained by the view in Jg. i. Plate Stocking- 
frame. A Angle thread is formed into a number of loops 
or waves, by arranging it over a number of parallel 
needles, (hewn at R : thefe are retained or kept in the 
form of loops or waves, by being drawn or looped through 
fimilar loops or waves formed by the thread of the preced- 
ing courle of the work, S. The fabric thus formed by the 
union of a number of loops is eafily unravelled, becaufe the 
liability of the whole piece depends* upon the ultimate fatten- 
ing of the firft end of the thread; and if this is undone, the 
loops formed by that end will open, and releafe the fubfe- 
quent loops one at a time, until the whole is unravelled, and 
drawn out into the Angle thread from which it was made. 
In the fame manner, if the thread in a flocking piece fails or 
breaks at any part, or drops a flitch, as it is called, it im- 
mediately produces a hole, and the extenflon of the hole can 
only be prevented by fattening the end. It ftiould be ob- 
ferved, that there are many different fabrics of Itocking- 
ftitch for various kinds of ornamental hofiery, and as each 
requires a different kind of frame or machine to produce it, 
we Ihould greatly exceed our limits to enter into a detailed 
defcriDtion of them all. That fpecies which we have repre- 
fented in Jig . i. is the common ilocking-ltitch ufed for plain 


hofiery, and is formed by the machine called the common 
(locking-frame, which is the ground-work of all the others. 

Fig . 2. is aperfpeftive view of a common (locking-frame, 
exhibiting as many of its parts as can be (ceil in a general view. 
The balls is a wooden frame, confiding of four pillars N, and 
various crofs-pieces, called rafters: the two uppermoft, M, are 
called caps: upon the top of thefe the (mall parts of the ma- 
chine arc Atuated, being fuftained in a frame of wrought iron. 
The pieces which compofe the iron frame are two (ole-bars 
w, which are ferewed down upon the wooden caps M, and at 
the ends have joints, g } to lupport the prefler-bows G, G, of 
which we fhall foon have occafion to fpeak. At the back 
are two vertical ftandards, V, called the back ftandards, which 
fupport the axis T. Thefe ftamhrds are united by back 
crols-bars, which are clearly feen in the figure near V. 
There are likewife two front ftandards W, erefted from the 
folc -bars w f w. 

To give motion to this machine, the workman feats him- 
felf before it, upon a board or feat A, and puts the dif- 
ferent parts of the machine in motion by his hands and feet: 
he applies ins feet upon two treadle 41 B, C, whit h have cords, 
J, c, afeendmg from them, and palling in oppofite direftions 
round a barrel or wheel, upon th? axis of which is a large 
wheel, D, called the flur-wheel. By alternately prelfing down 
one treadle, and allowing the other to rife, he can turn this 
wheel round in either direction at plealun*. The objeft of 
this movement will be described hereafter. There is like- 
wife. a third treadle, E, upon which he prefix his foot, when 
he wifhes to bring down what is called the preflVr-bar, marked 
F, the ufe of which will be afterwards explained* This 
bar is attached to two arms or levers G, which are move- 
able round the fixed centre pins or joints g . The ends of the 
levers are of a curved form ; hence the pieces G are called 
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the preffer-bowt# The conneftion with the treadle E is by a which we have fpoken, it is fufpended by joints at the top 
firing or wire e f which afcends behind the machine, and is of the hanging-cheeks, called the top joints : thefe joint# 
attached to the crofs-bar H, which is extended from one of are formed at the ends of the top arms, Q, Q, which are 
the prefl’er-bowa to the other, and is cranked down, to avoid two horizontal levers fixed to an axis T, called the fpindle- 
fuch parts of the machine as it would otherwife intercept in bar : the extremities of this turn on pivots, fupported by the 
its motion. The return of the prefl'er and middle treadle, E, upper ends of iron uprights V, called the back ftandards. 
is produced by the re-a&ion of the wooden fpring I, which By the motion of the fpindlc-bar upon its centres, the 
draws it up with two firings; but in fome frames a counter- frame of Tinkers can rife and fall, and the quantity of this 
weight is ufed infiead of the fpring. motion is limited by ftop-fcrcws applied to the vertical 

The weaver produces all the other movements by his ftandards W. To draw the Tinkers forward between the 


hands: for this purpofe, he applies them to the ends 
K, K, of the hand-bar, and he can then very conveniently 
prefs his thumbs upon the thumb-plate9 L, L. By drawing 
forward or lifting up the hand-bar K, and at the fame time 
prelfing upon the thumb-plates L., or relieving them, he gives 
the requifite motions to what is called the frame of Tinkers, or 
limply the frame, becaufe it contains the principal works of 
the machine. The thread of which the Rocking is to be 
made is kept upon a bobbin M, Ruck upon a pin in the 
front upright, N, of the frame, and the thread from this is 
carried upon the needles ; and when it is woven into the 
ftocking piece by the a&ion of the needles and Tinkers, the 
piece hangs down at S, and is received upon a fmall roller 
fixed in an iron frame p, called the web, which is made luf- 
ficiently heavy to ftretch the piece to a moderate tcnfion. 

As an introdu&ion to a defcription of the whole machine, it 
will be proper to give the reader an idea of thofe parts which 
operate upon the thread, and of the motions which are 
£iven to them to produce the loops or mettles. Thefe parts 
are the needles, the frame of Tinker?, and the prefier bar: the 
needles are ftationary, the refi moveable. 

Fig. I. reprefents what are called the needles : thefe are 
made of iron-wire, of the fliape reprefented, and are hooked 
or barbed at the ends, the returned points of the hooks or 
barbs being made very delicate. There is a fmall cavity or 
groove punched or funk in the flem of the needle, imme- 
diately beneath the barb, of fufficient depth to receive 
the point, when an adequate prellurc is applied upon the 
hook to bend the barb down. The barb then becomes a 
clofed eye ; and if a thread is looped over the wire or Item 
of the needle, and drawn Forwards while the barb is thus 
clofed, it will draw over the barb of the needle, and come 
off at the end of it : but if the thread is drawn forwards 
whilft the barb is open, it will be caught under the hook, 
and be thus detained, as fiiewn at R. This circumfiance 
muft be particularly attended to, as the principal adion 
of the machine depends upon it. The depreflion of the 
barbs of the needles is produced by the edge of the 
preffer-bar F, which is extended horizontally over the whole 
length of the needles, and aduated by prelfing the foot on 
the middle treadle, as before explained. 

Between every two adjacent needles, I, I, a thin plate of 
fteel, 2,3, is placed : thefe plates are called linkers; they 
are formed to a particular fhape (as fhewn in Jig. 4.), 
and are capable of being elevated or depreffed, and alfo of 
being drawn backwards or forwards between the needles. 
Thefe motions are given by the hands of the weaver, as the 
band-bar K, which he holds, is part of the frame containing 
the jacks and linkers. The finker-frame confilts of the hand- 
bar K K (Jig- 2 or 4.), extending acrols it at the bottom ; 
the hanging cheeks O, O, which form the upright Tides of 
the frame; and the upper bar P, which is called the Tinker- 
bar, becaufe the Tinkers are fixed to it, being united feve- 
ral together in pieces of lead each an inch wide, which are 
caft round the ends of the fi.ikers, and fattened by ferews 
to the bar P. 

To allow the frame of linker# to have the motions of 


needles, the Tinker-frame can be inclined upon the top 
joints of the hanging-cheeks, by drawing forwards the hand- 
bar K. From the middle of the fpindle-bar, T, a Ihort 
lever proje&s, which is borne upwards by a fpring, Y, 
called the main-fpring : this is fupported by a piece which 
projects from the fixed crofs-bar of the frame, and is of 
fufficient force to bear the frame of linkers upward, and 
give the top a^ms, Q, Q, a tendency to rett always agamfi 
the upper ttop-ferews, X, of the ftandards W. 

The hooked part or nips f {Jig- 4.) of the linkers, are 
for the purpofe of forming loops in the thread between the 
needles. To effed this, the nips,/, of the jacks and Tinkers 
are raifed above the level of the needles, as in/yr. 4, and 
the thread is extended acrofs all the needles, immediately be- 
neath the nips. If then the jacks and Tinkers are all preffed 
down between the needles, it is evident that the nips of the 
Tinkers muft carry the thread down before them, and form 
it into loops hanging down between each needle, as (hewn 
at X. Tins, then, is the principal office of the Tinkers : but 
to perform the operation of finking in the manner now de- 
feribed, by depreffing the whole number at once, would not 
be practicable ; becaufe, a«* a greater length of thread is 
required when it is depreffed into loops, tnan when it lies 
ftraight acrols the needles, it would require to draw the 
thread all at once from the bobbin M t fig. 2.), in fufficient 
quantity to make up the difference ; to do which, the thread 
mutt Hide or draw beneath between the nips and the needle#* 
which it could not do, on account of the fri&ion. 

The contrivance to render this depreffion or looping down 
of the thread between each needle pra&icable is very in- 
genious. The row of Tinkers /hewn in Jig 4. is compofed 
of two kinds, called jack-finkers and lead-finkers, which 
are very different in their movements, although we have hi- 
therto fpoken of them as one. The lead-fin kc-s are all 
thofe of which we have fpoken as being fattened to one bar 
P, called the linker-bar, which is part of the finker-frame, 
and which the workman moves by his hand* : on this account* 
the lead-finkers all move together ; they arc one half of thfc 
whole number, and are difpofed between every other needle* 
To that the fpace between each lead-finker has two needle 9 
in it. The jack-finker3 are made of the fame form as the 
lead-finkers, one being placed between each of the two 
needles contained between every lead-finker ; therefore the 
lead-finkers and jack-finkers are difpo/ed alternately to form 
a row, and a needle is placed in every fpacc in the whole 
row. Each jack-finker is fupported by a fmall lever, hi % 
l') ca ^ a jack, freely movable on a centre-pin: 
the oppofite end i 9 or tail of each jack, is pre/fed by a 
fpring which has a notch or indentation at a particular 
place ; and when the jack-fiuker is elevated, fo that its nip, f % 
is above the level of the needles 1, ready to receive the thread, 
the end of the tail, r, is received in the notch of the fpring i f 
which retains it in that pofition ; but at the fame time a flight 
force applied beneath the tail, i, of the jack to lift it up will 
deprefs the nip,/, of the jack-finker, 3, between the needle#. 
It is to be under!! ood, that all the jacks, t are arranged in a 
row* and move upon one wire* which is a common centre of 



168 

motion 5 but the motion is given to them one at a time, be- 
ginning at one end of the row, and proceeding one by one 
to the other. To effe& this, a ftraight iron bar, or ruler /, 
called the flur-bar, is extended beneath all the jacks, and 
upon this a piece of metal, m, called the flur, travels, with 
rollers to reduce the friftion : it is drawn by a line extended 
from each fide, and conduced over a pulley «, at each end 
of the bar /, to be carried* round the flur-wheel D, Jig- 2. 
We have before explained how an alternate motion is given 
to this wheel, by the a&ion of the two feet upon the two 
treadles B, C : it is plain by this connexion, that the flur, m, 
can be made to travel from one end of the flur-bar, /, to the 
other, and in fo doing, that it will elevate the tails, i, of all 
the jacks, i, b, beneath which it pafles, and produce a cor- 
refponding depreflion of the jack-finkers, 3, between the 
needles. After the flur has paffed, the jacks retain the pofl- 
tion given to them by the preffure of tne fprings k. 

The operation of finking or forming the loops between 
the needles is thus conducted : the nips of all the Tinkers 
are railed above the needles, as in Jig . 4 ; the thread is then 
extended lightly acrofs the Items of the needles, beneath the 
nip3 f. By prefling on one of the treadles, B or C, the flur- 
whcel D is made to turn round, and this, by the flur-line, 
draws the flur, wi, from one end of the flur-bar, /, to the other. 
In its paflage it encounters the tails, #, of the jack, and lifts 
them up one by one, which at the fame time deprellefi the 
correfponding jack -Tinker 3 ; and its nip,/, finks the thread 
between the needles, and forms a loop. As thefe loops are 
formed fucceflively, the thread draws eafily beneath the nip 
to produce each Angle loop, and the workman allows the 
threads to draw off from the bobbin, M, through his 
Angers, as faft as it is required. When all the jack-finkers 
are depreffed, a loop of the thread will be formed between 
every other pair of needlec. The workman then deprefles 
the lead-Ankers, 4, by pulling down the hand-bar K, and 
their nips carry down the thread between the remaining 
needles in loops, in the intermediate fpaces between the for- 
mer loops : in doing this, he caufcs the jack-finkers, 4, to 
rife up, as much a g he deprefles the lead-Ankers 3 ; becaufe it 
fhould have been mentioned before, that the firlt loops formed 
by the jack-finkers were double the depth intended, although 
only half the number : by this means they contained the 
proper quantity of thread to form the whole number of 
loops ; viz. one between every two adjacent needles. 

The jack-finkers are caufed to rife up by means of the 
locker-bar, p y extending over all their tails i. Each end of 
this bar is fertwed to a lever, g , called a locker, whicli 
moves upon the fame centre as the jacks, and the front ends 
of thefe levers are made with inclined ends, fo as to be 
lifted up by wedges Axed at the back of the thumb-plates, 
L, which move on joints Axed to the Anker-bar, and hang 
down in a convenient Atuation to be afted upon by the 
thumbs of each hand, when holding the ends of the hand- 
bar K. The weaver, therefore, preifes back the two thumb- 
plates L , at the fame time that he deprefles the hand-bar, K, 
of the frame containing the lead-finkere ; by which means he 
produces the afeent of the jack-flnkers, in an equal degree to 
the defeent of the lead-Ankers, until the nips of the two ar» 
range exa&ly in one line, which pofition is determined by pro- 
per ilops attached to the Anker-frame. By this means, a com- 
plete row of loops is formed, one loop between each needle, 

Thefe loops are now to be carried backwards upon the 
needles, into the pofition of S, Jig. 1, fo as to occupy the 
arch or opening, /, of the Ankers, which open part is made 
purpofdy to admit the loops laft made to remain upon the 
items of the needles, quite detached from the aftion of the 
Vol. XXXIV, 
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Ankers, which are at liberty to form a new courfe of loops 
by the nips, /, of their points /. 

If we fuppofe the frame has been before at work, the 
loops laft formed, which hang upon the items of the needles, 
will not be a Angle thread, but the loops at the upper part 
of the work S, Jig. 1 : it is only when the frame firft begins 
to work that the loops will be a detached thread, as we 
have juft deferibed. 

But it remains to fhew how the loops are put back 
upon the needles: this is done by merely lifting up the 
hand-bar K, till the points, /, of the Ankers rife above the 
needles : the hand-bar is then drawn forwards a little, to 
advance the Ankers fo much, that the points /, which were 
behind the loops of thread upon the needles, will now come 
before them, and then the hands are depreffed, to infert the 
oints, /, between the needles again before the threads ; and 
y pu filing back the hand-bar, the points, /, carry back 
the work upon the ftems of the needles, fo that it will be 
Atuated in the arch, or opening, s , of the Ankers. 

When the Ankers advance or recede, they muff all move 
together both the lead-Ankers and jack-finkers, as if they 
were one. It is clear that there is no impediment to the 
moving forwards of the lead-Ankers, bccaufe they are at 
liberty to incline or fwing forwards upon the joints at the 
top 8 of the hanging-cheeks, O, O, which fufpend the frame 
containing them : but for the jack-finkers to advance at the 
fame time, it is necefiary to bring forward the jacks, and 
their centre of motion, together with the fprings and flur- 
bar. To admit of this motion, all tliofe parts arc framed 
upon a ftrong bar called the camel ; and upon this 19 placed 
four wheels, which run upon the folc-bars, fo as tv* become 
a carriage. To communicate motion to this carriage, a link 
is jointed to a piece at each end, marked t’jjig. 2 or 4, which 
is ferewed to the finkcr-bar P, juft within the thumb- 
plates L. Thefe links are jointed at the other ends to the 
common centre of motion of the jacks. The joints of the 
pieces, r, are fo adjufted, that they will exactly line with 
the joints which unite the jacks and jack-finkers together ; 
and the links are the fame length between the centres as the 
jacks, for which reafon they are called half-jacks. 

By means of this connedion, the carriage, with all its 
appendages, viz. the jacks, with their fprings and the flur- 
bar, are drawn forwards at the fame time that the Anker- 
frame is drawn forwards, by pulling the hand-bar K K ; or, 
by a contrary movement, the loops of threads which were 
laft formed upon the needles, will be carried back from the 
hooks or beards of the needles upon their ftems, as fltewn at 
S 9 Jig. 1, fo as to be in the arch, j, of the Ankers, as before 
delcribed. 

The Aril row of loops being thus difpofed of, the frame 
of Ankers is reftored to its former pofition, and a fecond 
row is formed upon the ftems of the needles by a repe- 
tition of the fame procefs, viz. extending the thread acrofs 
the needles beneath the nips, /, of the Tinkers ; moving the 
flur by the two outfide treadles B, C, which deprefles all 
the jack-finkers, and makes a loop of double depth between 
every other pair of needles : this is called drawing the 
jacks : next prefling on the thumb-plates L, and deprefling 
the hand-bar, K, at the fame time, which elevates the jack- 
finkers, and deprefles the lead-ftnkera by one movement, 
and produces a loop of thread between every two adjacent 
needles. Another complete row of loops is now formed 
upon the ftems: of the needles 5 and this row is to be 
brought forwards, fo as to be under the beards or hooks of 
the needles, in the manner (hewn by R, £g» I. This is 
produced by Amply drawing forwards the hand-bar K, 
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which advances all tlie Tinkers together, and their points, /, 
pufti forwards the thread till it comes into the beards, and 
thefe prevent it from coming off the needles. 

The next operation is lifting up the hand-bar and frame 
of linkers as much as will raife their points, /, quite clear 
up above the needles between which they were fituated, and 
applying the foot on the upper treadle E, to bring down 
the premng-bar, F, upon the beards of the needles, to clofe 
them up, and while fo clofed, they hold the loops of thread 
at R, as if they were looped through the eyes of as many 
needles. The upper loops of the works which are at S, 
Jig. i, upon the Items of the needles, in the arch, /, of the 
Tinkers, are next brought forward upon the needles, by draw- 
ing forwards the frame of linkers ; but in advancing thefe 
loops, draw over the clofed beards of the needles, and confc- 
quently over the laft-formed hoops, which remain under 
the beards, in the pofilion Ihewn at R, Jig. i ; or, in other 
words, the loops laft formed, and rolling under the beards 
at R % Jig. I, are drawn through the loops of the upper or 
laft courfc of the finifhed work which remained upon the 
Items of the needles, as reprefented at S. By this means, 
the loops of what was the upper or laft courfc of the linifli- 
cd work, become fccured from opening or unravelling, and 
the loops under the beards now become the laft or upper 
courfe of the work, and arc preferved from unravelling by 
the needles, one of which paffes through each loop ; and 
thefe loops will not be drawn off from the needles until 
there is another row of loops prepared, and refer ved under 
the beards of the needles, ready to be drawn through them. 
When the piece of work is finifhed, and taken off from the 
frame, the lail made row of loops muff be fecurcd by running 
a thread through them, or other means, or they would draw 
through the preceding loops, and rclealc them, which in 
like manner would relcafe their predcccffors, and fo the 
whole piece would unravel. 

The motion of the frame of Tinkers, which produces the ad- 
vance of the Tinkers towards the points of the needles, or 
their recefllon towards the item, takes place upon the centres-, 
called the top joints oo> and the wheels of the carriage, as 
before mentioned. The quantity of motion is limited by a 
piece, Jig. 7, called the arch, which is fixed faff againil the in- 
iide of i the wood-frame 2 : a part of the hanging-cheeks 

0,0, of the frame of Tinkers dclconds with a projecting part to 
aft round this arch, which, at the fame timr that it limits the 
quantity of motion, prevents the motion bung made, except 
in a proper fucceflion, to produce the eflefts before defenbed. 
Thus, when the hook is beneath the arch, the points, /, of 
the Tinkers will be beneath the level of the needles, and then 
the frame of Tinkers cannot be raffed up without Tirlt moving 
the lower part of the frame either forwards or backwards. 
In the fame manner, when the hook is above the arch, the 
Tinkers cannot be deprefled till they are moved. When the 
thread is firff extended acrofs the needles, in order to be funk 
into loops, the frame is faid to be over the arch, that is, the 
hook is at the back, or on the farther lide of the arch, and 
by applying thereto, the (inkers arc guided in their finking, 
that is, when they defeend, they deprefs the thread to form 
the loop. When this finking has takeu place, the Tinker-frame 
will be at its lowctt polition, and the top arms, Q, will reft 
upon the lower ftop-ferew of the itandards W. When the 
Tinkers are brought forwards, to draw the loops from the 
items of the needles iuto their beards or points, the hook of 
the frame moves along the under Tide of the arch, and this 
prevents the points lifting up, while the low'er ftop prevents 
them from linking down : but when the Tinkers are brought 
fufficicntly forward?, the frame ia lifted or thrown up by the 


169 

main-fpring, the hook following the curvature of the arch, 
until the points are completely above the needles, or the 
fame has reached the upper flop. The Tinkers are then 
brought forwards upon their centre of motion, while the 
preffer is drawn down to clofe the beards of the needles and 
draw the loops over them ; in doing which, the hook quits 
the arch, and the frame comes forwards without any guide, 
the fame being unneceilary, becaufe the elevation of the 
Tinkers is determined by the upper ftop, againil which the 
frame riles by the aftion of its main-fpring ; and the proper 
degree for the advance of the Tinkers is determined by the 
drawing forwards of the frame with fufficient force to draw 
the loops of the work tight : this force the workman mull 
regulate by habit, fo as make his work clofe. 

In returning the frame of Tinkers, in order to put back the 
work upon the Hems of the needles, fo as to be out of the 
way while a new row of loops is made, the hook, 9, mull 
be carried back beneath the arch, which will keep down the 
points of the linker*, fo as to prevent them from riling above 
the needles, as they would then quit the work they are in- 
tended to drive back upon the needles. 

By the operation which we have deferibed, one courfe of 
the work is formed ; but, to render it more clear, we will 
continue the defeription, in a few words, of the working of 
another courfe. Preparatory to working it, the loops of the 
lail courfe of the work, and by which the work is fuf- 
pended from the needles, muff be pufhed back upon the 
ilems of the needles to the polition S, fig . I, lo as to come 
into the arched or open part s 9 Jig. 4, of the linkers : this is 
done by depreffing the linkers low enough for their point,/, 
to enter between the needles, and then pufhing back the 
hand -bar and frame of the linkers to carry back the work 
upon the Hems of t lie needles. This is the lituation in which 
wc luppofc the frame, when the operation commences; and 
the frame is over the arch. 

The firff movement is the gathering of thread. The 
thread laid over is lightly extended acrofs the needles, 
beneath the nips, f, of the linkers j and by prefling the 
flur-treadle B C, the jack-finkcrs are deprefled one by 
one, lo as to form double loops. This is called drawing 
the jacks. 

The fecond movement is finking. This is done by drawl- 
ing down the hand-bar K, and bearing upon the thumb- 
plates, L, at the fame time : the whole row cf lead-finkers 
is thus deprefled, whilft the jack-linkers rife, and the thread 
is carried down into a loop between every two needles. 

The third movement is to bring the frame forwards under 
the arch. This is done by drawing the hand-bar forwards, 
and the row of loops juit made is brought under the beards 
of the needles. 

The fourth movement is to bring the w’ork forwards from 
the ftem of the needles. To do this, the Tinker-frame is lifted 
up, by elevating the hand-bar K, fo that the point, /, of the 
Tinkers will be quite drawn out above the needles ; and in 
this lituation, the hand-bar and linker-frame being brought 
forwards, the brcalt or curved part of the arch, s 9 of the 
Tinker will bring forwards the piece of work which hangs 
upon the Items of the needles, by its loops laft made. 

The fifth movement is doling the work, or drawing the 
loops laft made, through the finifhed loops of the w'ork. 
The p re Her- treadle E, being borne upon at the fame mo- 
ment, will bring down the preffer, and it will bear upon 
the beards, and clofe them, while the loops are drawn for- 
wards ; confcquently the loops of the old work will be 
drawn over the beards, and quite off from the needles : this 
draws the loops thereof over the loops laft made, which re- 
II 
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main in the bearda of the needles. To draw the work tight* 
the hand bar, K, is drawn forwards two or tlvee times with 
a flight jerk, Jo as to extend all the loops to their fulled 
quantity, and make the loops of the work unite clofely. 

The courlr is now fimfhed ; but as a preparation for 
making another courfe, the work mud be carried back upon 
the Hems of the needles into the fituation of S, Jig. I. This 
is the fixth and la it movement. To put bacx work, the 
frame is pulled clown to bring the points of the Tinkers 
below the level of the needles; and in this pofition, by 
prefling back the hand-bar, and all the Tinkers together, 
the points, /, will enter between the ends of the needles, 
and carry back the loops of the work upon the flcms of the 
needles, where it will remain in the arches of the Tinkers, To 
as to be detached from them, and out of the way, while a 
new Tet of loop.** is formed by the nips of the points of the 
linkers ; and then the loops of the old work are to be drawn 
over thofe laft made. 

The movements are then repeated: ift, gathering the 
thread upon the needles, and deprefiing it into large loops 
between every two needles, by the motion of the flur ; 
2d, linking, to make the loops between all the needles ; 
3d, bringing the thread under the beards of the needles ; 
4th, bringing the work forwards from the ftems of the 
needles towards the beards ; 5th, doling the beards by the 
prefTure of the prelfer-bar, and drawing the work over the 
beards; and, 6th, putting the woik back 011 the needles, 
ready for working another courfe. 

The operation of the machine proceeds in the manner 
deferibed ; and as fail as the courfes are completed, the 
work defeends lower, and hangs down in a web from the 
needles. When the piece is of a confiderable length, it is 
roiled upon a roller, in an iron frame called the web, 
and the weight of the frame is fufficient to keep the piece 
to a proper tenfion. The roller in the web can be turned 
round occafionally to wind up the piece, and is retained 
by a ratchet-wheel and click. 

Having given an idea of the manner of the operation 
of this curious machine, it only remains to explain the 
adjuftments with which it is provided, in order to make it 
work correftly. 

The fineneU of the work depends on the number of 
loops which the thread will make in any given length, and 
this will be equal to the number of needles and linkers 
in the fame fpace. The number of needles in an inch is 
called the gauge of the frame, and they vary from 15 to 40, 
which latter are uled for the finell ilockings. The gauge 
of a frame cannot be altered when it is once made, and 
the work which it will produce mull always be of the 
fame degree ot finenef«, although it may he made a little 
more der.fe or more flight by drawing the loops very dole, 
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or by allowing a greater quantity of thread, and making the 
loops longer. This circumitance will evidently depend upon 
the depth to which the nips of the Tinkers defeend between 
the needles, when they carry down the thread into loops. 
To regulate this depth, the needle- bar, or that piece which 
fullains the leads containing the row of needles, is made to 
rife or fall a flight quantity, by means of two long adjur- 
ing ferews, the heads of which arc made with notches, and 
fprings fall into them to keep the ferews from turning 
back : thefe heads are called the liar, and the notches nicks: 
one is marked 9, in Jigs . 2 and 3. 

The motion allowed to the frame of Tinkers is limited, as 
before-mentioned, by flops proje&ing from the two up- 
right llaixlardfi, W ; and through thefe Hops, Itop-fcrews, x 9 
are fitted, to regulate the degree of afeent and defeent. 
The main-fpring, y 9 is made of lufficient ltrengtli to lift the 
weight of the frame of Tinkers, and make them always rile 
up as high as the upper flop* ferews will permit. 

The manner of making different parls of the flocking* 
frame is worthy of notice. The needles are made of iron- 
wire, of a proper degree of finenefa: it mull be of good 
quality, as that which is liable to fplit or fplmter, either in 
filing, punching, or bending, is totally unfit for the pur* 
pofe. The wire is cut to lengths, and annealed or foftened in 
a box of charcoal, in which they are heated to rednefa, and 
fuffered to cool gradually. The needles are next punched 
with the (mail cavity which i9 neceflary to receive the point 
of the beard : this is done by a Ample ferew-prefs. The 
point of the needle is next formed by the file and burnifher, 
and the hooks are then bent to form the barb : next the 
needles arc flattened, each with a blow of the hammer. To 
fallen thefe ntedles together, and fix them in the machine, 
they are placed parallel to each other in a mould or frame, 
and tin or pewter poured into the mould, round the flattened 
cuds of the ftems. The piece of lead or pewter it juft an 
inch in width, and the number of needles which it will con- 
tain, gives the denomination to the gauge of the frame, 
Thefe leads of needles are faftened to the needle-bar by a 
ferew through each. The lead-finkers arc made of Heel- 
plates, which are put together by calling lead round them 
at the upper ends, in the fame manner as the needles. The 
rack or piece, which contains the centre of the jacks, is called 
the comb, bccaufe it is coinpofed of a number of fmall 
plates, fixed into a bar by catting them with lead or tin* 

The floe king- frame has undergone very few alteration* 
fince its firll invention, a circumllance highly creditable to 
the genius of the inventor. A (locking-frame for weaving 
the tartan plaid hofe which is worn in Scotland, is deferibed 
in the Society of Arts Tranfaftions, vol. xxix. p. 84: it 
contains fome additions invented by Mr. John Robertfon. 
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STOVE, in Building , a hot-honfe or room. The term 
ftove is alfo ufed more reftri&edly for a place in which fire 
is made, and by means of which heat is communicated to a 
room or building. See Chimney. 

Stoves fhould, in propriety, be diftinguifhed from fire- 
places, from the fire being inclofed within the ftove, 
and giving out its heat through the fubftance of the ma- 
terials of which the ftove is compofcd, to the air in the 
apartment; and in many ftoves there are ingenious con- 


trivances, to make a great quantity of air pafa in contact 
with the heated furface of the ftove, and be thus heated be- 
fore palling off into the apartment. Fire-places, on the 
contrary, have the fire as open and as much expofed as pof- 
fible, confidently with the carrying off of the fmoke, in 
order that it may throw out radiant heat into the apartment. 
This diltin&ion is not fufficiently attended to in common 
language. 
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In modern fire-places, every care is taken that the air of 
the room may be heated ; but it does not appear, from the 
conftru&ion of their fire-hearths, that our forefathers had 
any idea of warming the air of a room to fit in. All they 
propofed was to have a place to make a fire in, by the 
radiating heat of which they could warm themfelves when 
cold. 

The ancients are fuppofed to have ufed lloves, in which 
the fire was not feen ; but on inquiring into the progrefs of 
the art of warming apartments economically, few traces re- 
main of the manner in wh»ch the ancients warmed their habi- 
tations. It 16 imagined they lighted the fire in a large tube 
in the middle of a room, of which the roof was open, and 
that the other apartments were warmed by portable braziers. 
In Seneca's time, they began to con(tru£l tubes in the 
walls, to convey the heat into the upper apartments ; the 
fire-places being dill placed below. It appears, however, 
that this was tne origin of flues for fmoke, and even of 
floves ; the fituation and proportions of which have fuc- 
ceflively undergone an infinity of changes, according to the 
localities, the wants of the inhabitants, or the ftyle of the 
decorations. 

The ancients had the cuflom of heating apartments by 
fires placed under arches or vaults ; but this was confined 
to palaces, and other edifices, where magnificence was 
augmented by prodigality ; and the vefliges that have been 
dilcovered among ancient ruiri 3 , fufficiently point out this 
as their deftination. In digging, fome years ago, for 
foundations in the city of Autun, one of thefe ovens was 
difeovered under a mofaic pavement, with chimnics at each 
extremity. 

The northern Chincfe have a method of warming their 
ground-floor, which refemblcs the ancient plan juft men- 
tioned. The floors are made of tiles a foot fquare, and two 
inches thick ; their corners being fupported by bricks fet 
on end, that arc a foot long, and four inches fquare : the 
tiles, too, join into each other, by ridges and hollows along 
their fides. This forms a hollow under the whole floor, 
which ori one fide of the houfe has an opening into the air, 
where a fire is made ; and it has a funnel rifing from the 
other fide to carry off the fmoke. The fuel is a fulphurous 
pit-coal, the fmcll of which in the room is thus avoided, 
while the floor, and of courfe the room, are well warmed. 
But as the under-fide of the floor mull grow foul with foot, 
(and a thick coat of foot prevents much of ‘he dire 6 t appli- 
cation of the hot air to the tiles,) Dr. Franklin fuggells 
that burning the fmoke, by obliging it to defeend through 
the red coals, would, in this conftru&ion, be very advan- 
tageous ; as more heat would be given by the flame than by 
the fmoke, and the floor, thereby being kept free from 
foot, would be more heated with lefs fire. A different 
kind of ftove ufed in China, and called kang> is briefly de- 
feribed under that article. 

Francis Keflar of Frankfort, whofe work, entitled 
4< Epargne-bois," See. (the Wood-faver, &c.), appeared, 
in French, in 1619, is the oldeft writer who deferves to be 
quoted, as having propofed any ufeful ideas on the fubieft 
of (loves. He formed eight chambers, one above another, 
through which the fmoke was to pafs before it entered the 
chimney. He alfo brought air dire&ly from without into 
the afh-pan, to feed the fire ; and there was another aper- 
ture to draw air from the apartment for the fame purpofe. 

Savot, in his 44 Archite&ure Fran^aife des Batimens 
part Scullers," 1. e . Archite&ure of private Houfes, printed 
in 1625, gave fome advice relative to the bed method of 
conftru&ing chimnies, but with fcarcely any other obje& 
than to prevent their fnaoking. 
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M. Dalefme, in 1686, fuggefted the firft idea of a ftove 
without fmoke, which he called furnus acapnos . Here the 
fmoke is forced to defeend into the fire-place, where it is 
con fumed. Dr. Franklin, who afterwards executed a very 
complete ftove on that principle, ftill fpoke of it, in 1773, 
as a mere curiofity or philofophical experiment, as it re* 
quired too much attention to be managed by common 
fervants. 

This machine confifted of a tube of iron-plate, fuch as is 
ufed for the flue of a German (love. This tube was bent 
at right angles, and the part which was horizontal was 
about two feet in length, and joined to the reft of the tube, 
which afeended vertically. At the oppofite end of the 
horizontal tube the furnace was made : it confifted of a 
cylindrical tube of plate-iron ere&ed upon the horizontal 
tube near the end, and provided with a grating, upon 
which the fuel was placed ; and the grate prevented the fuel 
falling down into the horizontal tube. To light this ftove, 
fome clear burning charcoal was put into the large fhort 
tube or furnace, and fupported on the grate. As foon as 
the tubes grew warm, the air within them would afeend in 
the perpendicular tube or chimney, and go out at the top 
of it : frefh air mud enter into the horizontal tube through 
the furnace. In this courfe it mult defeend through the 
burning fuel, and becoming heated by the burning coals, 
through which it has palled, would rife more forcibly in the 
longer tube, in proportion to its degree of heat, or rare- 
faction, and the length of that tube. Such a machine is a 
kind of inverted fiphon ; and as the greater weight of water 
in the longer leg of the common fiphon, in defeending, is 
accompanied by an afeent of the fame fluid in the (horter ; 
fo in this inverted fiphon, the greater quantity of levity of 
air in the longer leg, in rifing, is accompanied by the 
defeent of air in the (horter. The things to be burned 
being laid on the hot coals contained in the furnace, the 
fmoke mu ft defeend through tliofe coals, and be converted 
into flame, which, after deftroying the offenfive fmell, comes 
out at the end of the longer tube, as mere heated tranfparent 
gas or vapour. 

Whoever would repeat this experiment with fuccefs, muft 
take care that the part of the fhort tube is quite full of 
burning coals, fo that no part of the fmoke may defeend 
and pafs by them, without going through them, and being 
converted into flame ; and that the longer tube is fo heated, 
that the current of afeending hot air will be eftablilhed in it, 
before the things to be burnt are laid on the coals ; other- 
wife there will be difappointment. 

It does not appear, either in the Memoirs of the Aca- 
demy of Sciences, or Philofophical Tranfa&ions of the 
Englifh Royal Society, that any improvement was ever 
made of this ingenious experiment, by applying it to ufeful 
purpofes ; but there is a German book, entitled 44 Vulcanus 
Famulans,” by Joh. George Leutmann, P.D., printed at 
Wirtemburg in 1723, which deferibes, among a great va- 
riety of other ltoves for warming of rooms, one which feems 
to have been formed on the fame principle. It was pro- 
bably taken from the hint thereby given, though M. Da* 
lefmc'i experiment is not mentioned ; for the conftru&ion is 
as nearly as pofhble the fame, except in the proportion 
of the parts; the furnace being made in the form of a 
bafia or vafe, having the grate in the bottom of it. 

Gauger, author of “ La Mcchanique du Feu," fcc. 
printed at Paris in 1 709, was the perfon to whom we are 
indebted for the firft and mod complete fyftem of experi- 
ments on the circulation of heat, by means of air-holes 
affording warm air $ as alfo the mauner of making one fire 
warm feveral rooms, and to fend off the heat in elliptic 
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curves. We there find a defcription of a chimney, with 
the back, the hearth, and the jambs, of hollow iron, to 
heat the air that is to enter the room. But it does not ap- 
pear that this work produced much effe& at the time : the 
moil important truths lie concealed in books, till fome 
prefiing intereft awakens the attention of mankind to their 
utility. 

Dr. Franklin, in 174 5, publifhed an account of the new 
ftoves of Pennfylvania ; the advantages of which he com- 
pares with thofe of the ftoves of Germany and Holland, 
and the chimney of Gauger. A defcription and drawing 
of this ftove are given in our article Fir r- Place. 

In 1785, Dr. Franklin publiflied the defcription of 
another ftove, which has the flame reverfed ; that is, it 
paftes downwards through the fuel. The appearance of 
this ftove is that of a vafe of caft-iron, with its pedeltal ; 
and this is mounted upon the top or lid of an air-box, Itand- 
ing upon the hearth of the fire-place, and built clofe in a 
niche in the ftone-work : but the vafe being wholly de- 
tached from the back of the niche, has a very neat appear- 
ance. The top of the vafe turns back upon a hinge, fo as 
to open like a lid, to put in the fuel ; and the opening is 
covered by a brafs frame, which allows the air to enter. 
The bottom of the vafe has in it an opening, of about two 
inches diameter, which leads through the Item or foot of 
the vafe into a hollow iron box, forming the pedeftal. At 
the bottom of this pedeftal is a grating in the lid or top of 
the air-box, upon which the vafe (lands. The air-box is di- 
vided by four partitions, between which the fmoke paftes and 
repaffes horizontally in a waving dirc&ion, until it efcapes 
into the chimney. Thus the fmoke and flame, immediately 
stfter it has defeended through the grate in the top of the air- 
box, paftes backwards towards the chimney between the two 
middle partitions ; but as it cannot enter into the chimney at 
that part, it turns round the ends of thofe partitions, and 
returns in two currents towards the front of the box ; then 
returns again round the end of other partitions, and goes 
back into the chimney, which is behind, or rather at the (ides 
of the niche in which the vafe (lands. The front plate of 
the air-box is made to Aide in a groove, in two pieces, which 
meet together in the front like folding-doors ; and thcle 
pieces being Aided back, expofe the fpaces between the par- 
titions, which, as before mentioned, a6l a9 winding flues 
for the fmoke to circulate in, and give out its heat through 
the metal of the air-box. In the fpace between the two 
middle partitions, and into which the fmoke firft defeends, 
a drawer is fitted to receive the allies or cinders, which may 
fall through the grate in the top of the air-box ; and it can 
be readily withdrawn, to clear it out. 

There is likewife a fmall grate at the lower part of the 
vafe, upon which the fuel contained in the vafe will reft. 
When this fuel is lighted, the flame and fmoke will draw 
downward, and, defending through the grate, will pafs 
through the hole in the bottom of the vafe into the hollow 
pedeftal, and through the grate in the top of the air-box : 
it then paftes horizontally in the fpace between the two 
middle partitions of the air-box, and proceeds in the fame 
direction towards the back of the chimney ; there dividing, 
one part of it turns to the right, and paftes round the farther 
end of the middle partition ; then coming forwards, it turns 
round the near end of the out fide partition ; then moving 
backwards, it arrives at the opening into the bottom of one 
of the upright corner funnels behind the niche, through 
which it afeends into the chimney, thus heating that half 
of the box and that fide of the niche. The other part of 
the divided flame paftes to the left, round the far end of the 
middle partition, round the near end of the outfide partition. 
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and fo into and up the other corner funnel ; thus heating 
the other half of the box, and the other fide of the niche. 
The vafe itfelf, and the box, will alfo be very hot ; and the 
air furrounding them being heated, and rifing, as it cannot 
get into the chimney, it fpreada in the room : colder air 
fuccecding, is warmed in its turn, rifes and fpreads, till by 
the continual circulation the whole is warmea. 

If there is occaiion to make the fire when the chim- 
ney does not draw, it mail not be begun in the vafe, 
but in one or more of the paflages of the lower air-box ; 
firft withdrawing the Aiding front of the air-box, and 
covering the mouth of the vafe. After the chimney has 
drawn fome time with the fire thus low, and begins to be 
a little warm, thofe paffages may be clofed, and another fire 
kindled in the hollow pedeftal, leaving its Aiding Aiutter a 
little open ; and when it is found that the chimney, being 
warmed, draws forcibly, that paflage may be (hut, and the 
vale opened, to make the fire there, as above directed. 
The chimney, well warmed by the firft day’s fire, will 
continue to draw conflantly all winter, if the fire is made 
daily. 

In the management of this ftove, there are certain pre- 
cautions to be obferved, at firll with attention, till they 
become habitual. To avoid the inconvenience of fmoke, 
the grate mull be cleared before beginning to light a fire. 
If it is found clogged with cinders and afhes, the grate mud 
be lifted up with the tongs, to let them fall upon the grate 
in the top of the air-box : the allies will go through it into 
the drawer, and the cinders may be raked off through a 
Aiding door in the pedeftal, and returned into the vafe, 
when they are to be burnt. Care mult be taken that all 
the Aiding-phtes are in their place?, and clofely (hut, that 
no air may enter the (love but through the round opening at 
the top of the vafe ; and to avoid the inconvenience of duff 
from the afhes, let the afti-drawer be taken out of the room 
to be emptied. The paflages ftinuld be cleaned or raked 
out, when the draught of the air is lirong inwards; and 
the allies mult be put carefully into the a(h-box, whilft 
it remains in its place. 

If it is required to prevent the fire burning in the abfencr 
of the proprietor, it may be done by removing the brafs frame 
from the top of the vafe, and covering the paflage or open- 
ing into the top of the vafe with a round tin-plate, which 
will prevent the entry of more air than barely fuAicient to 
keep a few of the coals alive. When the fire is wanted, 
though fome hours afterwards, by taking off the tin-plate, 
and admitting the air, the fire will foon be recovered. 

The effect of this machine, well managed, is to burn not 
only the coals, but all the fmoke of them ; fo that while 
the fire is burning, if the top of the chimney is obferved, no 
fmoke will be feen iffuing, nor any thing but clear warm air, 
which, as ufual, makes the bodies feen through it appear 
waving. 

But it muft not be imagined from jdiis, that it can be a 
cure for bad or fmoky chimnies, much lefs that, as it burns 
the fmoke, it may be ufed in a room that has no chimney. 
It is only by the help of a good chimney, and the higher 
the better, that it produces its effe& at all ; and though a 
flue of plate-iron fufficicntly high might be raifed in a very 
lofty room, the management to prevent all difagreeable 
vapour would be too nice for common practice, and fmall 
errors would have unpleafing conferences. 

It is certain that clean iron yields no offenfive fmell* 
when heated : whatever fmell of that kind is perceived 
where there are iron ftoves, proceeds, therefore, from fome 
foulnefs burning or fuming on their furface ; they fliould, 
therefore, never be fpit upon, or greafed, nor ftiould any 
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dull be fuffered to lie upon them. But as the greateft care 
will not always prevent thefe things, it is well once a week 
to wafh the ftove with foap-lees and a bruih, rinfing it with 
clean water. 

The advantages of this reverfed flame in (loves are very 
confiderable. The chimney does not grow foul, nor ever 
need fweeping ; for as no fmoke enters it, fo no foot can 
form in it. 

The air heated over common fires inilantly quits the 
room, and goes up the chimney with the fmoke ; but, in 
the dove, it is obliged to defeend in flame, and pafs through 
the long winding horizontal paflages, communicating its 
heat to a body of iron-pjate, which, having thus time to 
receive the heat, communicates the fame to the |ir of the 
room, and thereby warms it to a greater degree. 

The whole of the fuel is confumed by being turned into 
flame, and the benefit of its heat is obtained ; whereas, in 
common chimnies, a great part goes away in fmoke, which 
may be feen as it riles, but it affords no rays of warmth. 
Some idea may be formed of the quantity of fuel thus 
wafted in fmoke, by reflecting on the mafs of foot that 
a few weeks' firing will lodge againft the fide:, of the 
chimney ; and yet this is formed only of thofe particles of 
the column of fmoke which happen to touch the Tides in its 
afeent. How much more mull have palled off in the air ? 
And we know that this foot is Hill fuel, for it will burn and 
flame a 9 fuch ; and, when hard caked together, is indeed very 
like and almoft as folid as the coal from which it proceeds. 
The deitru&ion of fuel goes on nearly in the fame quantity 
in fmoke as in flame, but there is no comparifon in the dif- 
ference of heat given. When frelh coah arc firft put on a 
fire, a confiderable body of fmoke arifes. This fmoke is, 
for a long time, too cold to take flame ; but if a burning 
candle is plunged into it, the candle, inftead ol inflaming 
the fmoke, will inilantly be itfelf extinguifhed. Smoke 
mull have a certain degree of heat to be inflammable. As 
foon as it has acquired that degree, the approach of a candle 
will inflame the whole body, and the difference of the heat 
which it gives will be very fenfible. A dill eafier experi- 
ment may be made with a candle itfelf. Hold your hand 
near the fide of its flame, and obferve the heat it gives : then 
blow it out, the hand remaining in the fame place, and ob- 
ferve what heat may be given by the fmoke that rifes from 
the Hill burning fnuff; you will find it very little : and yet 
that fmoke has in it the fubftance of fo much flame, and 
will inilantly produce it, if you hold another candle above 
it fo as to kindle it. Now the fmoke from the frefh coals, 
laid on this Hove, inftead of afeending and leaving the fire, 
while too cold to burn, being obliged to defeend through 
the burning coals, receives among them that degree of heat 
which converts it into flame ; and the heat of that flame is 
communicated to the air of the room, as above explained. 

The flame from the frefh coals laid on in this (love, de- 
scending through the coals already ignited, preferves them 
long from conluming, and continues them in the Hate of 
red coals, as long as the flame continues that furround9 
them, by which means the fires made in this ftove are of 
much longer duration than in any other, and fewer coals 
arc therefore neceflary for the day. This is a very material 
advantage indeed. That flame mould be a kind of pickle 
to preferve burning coals from confuming, may feem a 
paradox to many, and very unlikely to fie true, as the do&or 
tells us it appeared to himfclf the firft time he obferved 
the fa& : he therefore relates the circumflances, and men- 
tions an eafy experiment, by which his reader may be in 
poifeflion of every thing neceflary to the underftanding of 
it. In the firft trial he made of this kind of ftove, which 
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was conftru&ed of thin iron plate, he had, inftead of the 
vafe, a kind of inverted pyramid, like *a mill-hopper ; and 
fearing at firft that the fmall grate contained in it might be 
clogged by cinders, and the paflage of the flame fometime* 
obftrufted, he ordered a little door near the grate, by means 
of which he could occafionally clear it ; though after the 
ftove was made, and before he had tried it, he began to 
think this precaution fuperfluous, from an imagination that 
the flame, being contra&ed in the narrow part where the 
grate was placed, would be more powerful in confuming 
what it (hould there meet with, and that any cinders be- 
tween or near the bars would be prcfently deflroyed and the 
paflage opened. After the ftove was fixed and in a 61 ion, 
he had a pleafure now and then in opening that door a 
little, to fee through the crevice how the flame defeended 
among the red coals, and obferving once a Angle coal lodged 
on the bars in the middle of the focus, he obferved by a 
watch in what time it would be conlumed : he looked at 
it long without perceiving it to be at all diminifhed, which 
furprifed him greatly. At length it occurred to him, that 
he had feen the fame thing a thoufand times, in the con- 
verfion of the red coal formed in the fnuff of a burning 
candle, which, while enveloped in flame, and thereby pre- 
vented from the contadl of the palling air, is long continued, 
and augments inllead of diminilhing, fo that we are often 
obliged to remove it by the fnuffers, or bend it out of the 
flame into the air, where it prefently confumes to afhes. He 
then fuppofed, that to confume a body of fire, palling air 
was neceflary to receive and carry off the feparated particles 
of the body : and that the air palling in the flame of the 
ftove, and in the flame of a candle, being already faturated 
with fuch particles, could not receive more, and therefore 
left the coal undiminiflied as long as the outward air was 
prevented from coming to it by the furrounding flame, 
which kept in a fituation fomewhat like that of charcoal in 
a well luted crucible, which, though long kept in a ftrong 
fire, comes out unconfumed. 

This ftove of Dr. Franklin is very ingenious, and has been 
much ufed in France, where the management of coal-fires 
is but little underftood, and they are therefore induced to 
ufe ftoves in preference to open fires, when they burn pit- 
coals. Dr. Franklin completed the ftove juft deferibed in 
1771, and ufed it in London during three winters. While 
he was in France, he contrived another grate for burning pit- 
coals, which has the fame property of burning the fmoke, 
and at the fame time the fire is expoied in a grate. The 
grate is a fhort cylinder, with its axis placed horizontally, 
and the end turned towards the apartment ; one of its cir- 
cular ends being made with bars, and the other is a back- 
plate ; it is one foot (French) in diameter, and eight inchea 
deep or long between the bars and the back : the fides and 
back are of plate-iron, the fides having holes of half an inch 
diameter, and three or four inches diftant from each other, 
to let in air for enlivening the fire : the back is without 
holes, and the fides do not meet at either the top or bottom 
by eight inches : and this fquare fpace is filled with grates 
of fmall bars, crofting from front to back to let in air be- 
low, and let out the fmoke or flame above. The three 
middle bars of the front grate, that is, the circular end, are 
fixed ; the upper and lower may be taken out and put in at 
pleafure, when hot, with a pair of pincers. The whole at 
this cylindrical gfate turns upon pivots fixed in the oppofite 
fides, acrofs the centre of it : the pivots are fupported by 
a crotchet, the ftem of which is an inverted conical tube 
five inches deep, which fits as many inches upon a pin, 
which is fixed upright in a call-iron plate that lies upon 
the hearth. In the middle of the top and bottom grates 
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are fixed (mail upright pieces, about an inch high, which, 
as the whole is turned on its pivots, ■ ftop it when the grate 
is perpendicular. By this means the grate can be inverted 
by turning it over upon its pivots, but as that will prefent 
the back-plate to the apartment, it requires to be turned 
half round horizontally upon the conical pin to bring the 
front bars to the room. 

In making the firft fire in the morning with this grate, 
there is nothing particular to be obferved : it is made as in 
other grates, the coals being put into the cylindrical grate 
above, after taking out the upper bar, which mufl be re- 
placed when they are in. 

The round figure of the front bars filled with fire, when 
thoroughly kindled, is agreeable : it reprefents the great 
giver of warmth to our fyflem. As it burns down, it 
leaves a vacancy above, which mult be filled with frefh coals, 
the upper bar is to be taken out, and frefh coals thrown in, 
the bar being afterwards replaced. The frefh coals, while 
the grate continues in the fame pofition, will throw up, as 
ufual, a body of thick fmokc ; but every one accu Homed to 
coal-fires in common grates mufl have obferved, that pieces 
of frefh coal ftuck in below among the red coals, have their 
fmoke fo heated, as that it becomes flame as fait as it is 
produced, which flame rifes among the coals, and enlivens 
the appearance of the fire. Here, then, is the ufc of this 
fwivel-grate : by a pufh with the tongs or poker, it can be 
turned over on its pivots till it is inverted, and the front bars 
face the back of the chimney ; then turn it gently round on 
its vertical focket or axis, till it again faces the room, 
whereby all the frefh coals will be found under the live 
ones, and the greater part of the fmoke arifing from the 
frefh coals will, in its paflage through the live ones, be 
heated fo as to be converted into flame. By this means 
much more heat is obtained from them, and the red coals 
are longer preferved from confuming. This conftru&ion, 
though not fo complete a confumer of all the fmoke as the 
vafe, is yet titter for common ufc, and very advantageous ; 
it gives alfo a full fight of the lire always, a pleafing objedt 
which we have not in the other. It may with a touch be 
turned more or lefs from any one of the company that 
defires to have left of its heat, or prefented full to one juft 
come out of the cold ; and when the front bars of the grate 
are fupported in a horizontal pofition, a tea-kettle may be 
boiled on them. 

Notwithllanding the acknowledged advantages of Dr. 
Franklin’s conftru&ion of a Hove, the expence and trouble 
of it, and the difficulty of procuring workmen who under- 
ftood the manner of executing it, have prevented the general 
ufe of his ftoves. Mr. James Sharp, with a view of ob- 
viating thefe objections and difficulties, has propofed fcveral 
improvements, for whicli he has obtained his majefty’s 
patent. According to the method which he propofes, they 
are eafily accommodated to any rooms, where communica- 
tion can be had with the external air ; both to thofe which 
have, and thofe which have not chimniea : fo that not only 
fmall rooms, but the larged halls, libraries, or churches, 
may be wanned in a more effectual manner than had ever 
been done before, and the greateft degree of heat produced 
from a given quantity of fuel. Mr. Sharp, by adding fun- 
nels to the top, renders thefe ftoves fit for any chimney, 
and by lengthening the funnel, to any place without a 
chimney. By the hollow bafe with which his ftuve-grates 
are furnifhed, he is able to apply them with much greater 
effe& to the external air, without any addition of brick- 
work ; and by the alterations in the air-box, a much greater 
quantity of warm air is introduced than it was poflible to 
introduce in their former ftate. If a ftove of this kind is 
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to be placed in a common fire-place, a hole muft be made 
through the back of the chimney, or through the hearth, 
to communicate with the external air ; and this hole fhould 
be made as large as poflible, and in a defeending pofition, 
fo that the outward air may afeend towards the ftove. The 
hollow bafe of the ftove muft be placed againft this hole, fo 
as to cover it completely ; and the bottom of the bafe muft 
be fitted fo clofe to the earth, and pointed with lime or 
putty, that the air may not pafs. Upon the ftove there 
muft be put a few feet of iron funnel to reach above the 
breait of the chimney ; and the chimney inclofed by iron 
plates, fo conftru&ed and placed in a fquare or oblong iron 
frame, that they may be eafily removed when the chimney 
wants fweeping. By this conftru&ion, the warm air, in- 
troduced by the ftove, will be carried into the room, which 
would otherwife pafs up the chimney, and be loft. But if 
the ftove is to be fixed in a room where there is no chimney, 
it may be placed in any part of it, where communication 
may be had with the outward air ; and nothing more is ne- 
ceffary than a fufficient length of funnel to carry it through 
the roof, or wall, or window, or into any other chimney 
that may be convenient. If the fire-place be too fmall for 
the ftove, the chimney may be clofed by the aforementioned 
frame and plates, and the ftove ftand before the fire-place, 
and the fmoke be carried off, by the help of a circulat 
elbow, into the chimney above the mantle-piece. Many of 
thefe ftoves, it is faid, have been lately put up, in order to 
cure fmoky chimnies, and have always fuccceded. For 
farther particulars, fee Sharp’s Account of the Air-Stove 
Grates, &c. 

The inhabitants of the northern parts of Europe have 
long been accu Homed to the ule of ftoves in which the fin- 
is fhut up, and gives out its heat to a draught or current 
of air, which is made to pafs through proper openings m 
the ftove, and when fufficiently warmed, enters into the* 
apartment. The imokc arifing from the fuel is made to pain 
through a circuitous paflage of flues, by which means the 
grcatell part of the heat is abforbed. Stoves on this prin- 
ciple are known in England, but are very feldom ufed, 
except for warming of halls, ftaircafes, and paflage?, in grand 
houfes, as the Englifh are not contented to feel the air warm, 
unleft they fee the fire. In Ruffia, Sweden, and other 
northern countries, they are indifpenfably neceflary, as with- 
out them, it would be impoflible to keep the rooms tolerably 
warm. A common fire-place has too large an opening, and 
if care be not taken to fupply it continually with wood, 
&c. the heat it produces is hardly fenfible, becaufe it 
follows the current of the air, and is carried off by the fmoke. 
Thefe ftoves, on the contrary, retain the heat a much longer 
time ; and as their external parts, and alfo their flues, are very 
thin, they communicate their heat very readily, fo that with 
a fmall quantity of wood, they warm an apartment much 
more than the fire of a common fire-place would do, with 
fix times the quantity. For it was not fufficient that the 
inhabitants of thefe levcre climates fhould difeover the molt 
limple means of keeping up in their houfes a comfortable 
degree of heat, it was alfo neceflary that this fhould be 
done with the lead poflible expence of fuel. 

The ftoves which they employ perfeftly fulfil the above- 
mentioned intentions ; they are alfo fufceprible of every kind 
of ornament. The more furface we give to a ftove con- 
itru&ed in this manner, the more the heat is increafed, 
confequently we muft not be furprifed to find that this 
kind of ltove fometimes occupies the whole height of an 
apartment, its width and depth being proportioned to its 
height. 

The conftruftion of thefe ftoves i3 Ample : they confift of 
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four, hve, or more (mall chambers, built one above another ; 
the lower one is for the lire which burns in it, and the 
fmoke rifing from it enters into the chamber immediately 
above, then into the third, and from that to the fourth. The 
paffages or holes through which the I moke enters into one 
chamber from that beneath, are, in all cafes, made at the 
corner of the chamber, oppofite to the pafTage at which the 
fmoke will pafs out from the lame chamber to the next 
above it. By this means the fmoke is obliged to pafs through 
the whole of the chamber, and has the greatell chance of 
tranfmitting its heat. A fire lighted in one of thefe itoves 
early in the morning, and with a fmall quantity of fuel, 
retains a ftrong heat during the whole day. The door of 
the fire-place is only opened to put in wood, and remains 
afterwards conllantly (hut. The wood lies upon a grate, con- 
fequently it is not buried in and ftifled by the ames. The 
a(h-hoie is fpacious, and one or two feet in height, accord- 
ing to the capacity of the (tove. Two doors are placed at 
the extremities of the alh-hole, and the current of air is very 
confiderable, by which the fmoke it; carried up with great 
force, and the wood burns very brilkly. 

Stoves of this kind may be advantageoufiy placed in 
halls, at the bottom of llaircafes, and in the anti-chambers 
of great houfes : they may alfo, by proportioning their fize 
to that of the rooms for which they are intended, be made 
ufe of in the houfes of private perfons. To this it may 
perhaps be obje&cd, that the heat produced from thclc 
(loves is unwholcfome, becaufe they deprive the air of its 
moiiture; and that the air, by being made too dry, lofts 
its elaflicity, in confcqucnce of which, refpiration becomes 
difficult and laborious. Thefe obje&iort3 would appear of 
great weight, if we had not the example of the Ruffians, 
the Swedes, the Danes, the Germans, and in fliort of all 
the inhabitants of the north of Europe, to (hew that thofe 
who are habituated to fuch (loves, do not find them un- 
wholefome. If others fhould be fenfible of inconvcniencies 
from the drynefs of the air in the apartment, it may be 
eafily removed by the very fimple expedient of placing 
upon the Itove a vefiel of glafs or earthen-ware, which has 
a large furface, and is very (hallow : this being filled with 
water, will infenfibly evaporate, and reffore to the air that 
jmoiflurc of which the heat of the (tovc has deprived it : 
the air will then recover its elaflicity. If orange-trees are 
expofed to the heat of fuch a itove, and the fire is not 
properly regulated, the plants grow yellow and lofe their 
leaves, cfpedally if the air is not changed, which in winter 
?s not very conveniently done ; but if a vefiel of water be 
placed upon the ilove, the evaporation of the water will 
preferve the trees. 

In a memoir publifhcd by M. Guyton in the Annalcs 
de Chimie, he has explained the conftru&ion of the 
(loves employed in Sweden, and recommends the adoption 
of one conftru£led on the fame principle for general ufe in 
France. 

Tiie memoir is tranfiated in the Repertory of Arts, 

> it Series, vol. xvi. The conftru&ion of the flove which is 
there recommended may be improved, to adapt it to our 
ufe in England, where pit-cold is ufed : but the following 
principles, which the author lays down, are very ufcful as 
guides m making all kinds of (loves for warming apart- 
ments. 

i » Ileat is produced only in proportion to the volume of 
<dr con fumed by the fuel. 

2. The quantity of heat produced is greatcfl, (the quan- 
tity and quality of the fuel being the fame,) when the com- 
huflion is complete. 

3. The cumbufiion is the more complete, in proportion 
Vox,. XXXIV. 
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as the fuliginous part it longer retained in channels where 

it may undergo a fecond combuflion. 

4. The only ufefut heat is that Cent out into, and re- 
tained in the fpace intended to be heated. The tempera- 
ture of that fpace will be higher in proportion, as t lie cur- 
rent which muft be renewed from without to fupport the 
combuflion, is lefs enabled to take up in its pafTage the heat 
produced. 

Hence the following inferences evidently arife ; 

1. The fire-place ought to be infulated Irom all bodies 
that are rapid condu&ors of heat. All the heat that goes 
out of the apartment is abfolutcly loll, unlefa intentionally 
directed into another apartment. 

2. Heat being produced only by combuflion, and com* 
bullion being fuffained only by a current of air, the current 
fhould be brought in by channels, where the needful rapidity 
may be preferved without being too difiant from the fpace 
to be warmed, fo that the heat it there depofits, may be 
gradually accumulated in the whole of the infulated fur- 
nace, in order afterwards to flow out of it flowly, accord- 
ing to the laws of the equilibrium of that fluid. 

3. The wood being fo far contained as to give no more 
fmoke, it is advantageous to clofe the mouth of thefe chan- 
nels, in order to retain there the heat that would other- 
wile be carried off through the upper flue, by the continu- 
ance of a current of frefh air, neceffarily of a low tem- 
perature. 

4. Eaflly; it follows from thefe maxims, that all 
things being equal, a higher temperature will be obtained, 
and fupported during a much longer time, by forming, in 
the internal parts of the ftove, or under the hearth of a 
chimney, and in their vicinity, tubes in which the air that 
comes from without may be warmed before it enters the 
apartment, to ferve the purpofe of combuflion, or replace 
that which has been contained. Thefe have been called 
bouches de chaleur ( mouths or apertures of heat) ; becaufe, 
inflead of contemplating their principal ufe and intention, it 
is commonly imagined that they are only made in order to give 
by their iliues a more rapid current to the heat produced. 
Nor is this idea abfolutely devoid of foundation, fince the 
air that iffues from them has only changed its tempera- 
ture, by carrying off a portion of the heat that would have 
remained in the interior. Thofe, however, who would 
proferibe them, as oppofing the moll important objedl, 
which is the retaining of the heat as long as poflible, do not 
confidcr that they may be clofed, and all communication 
with the external air cut off by a fimple Hide, and, therefore, 
it is eafy to derive from them every poflible advantage with- 
out any inconvenience. And we may add, that in fmall 
apartments, or fuch as are accurately clofed, they are often 
indifpenfibly requifite, if we could avoid being expofed to 
currents of cold air. Dr. Franklin very juftly quotes 
a Chinefe proverb to this effect : “ Shun a current of 
air from a narrow paffage as you would the point of an 
arrow.” 

The Swedifli or Ruffian (loves, which have chambers for 
the reception of the flame and fmoke, are little known in 
this country : hut thofe which are in common ufe in the halls 
and vcitibulea of our great houfes arc French (loves. They 
differ from the others in having a very great length of fmall 
flues or winding pa Huge's through which the fmoke paffes, 
and communicates its heat to the air, which circulates in 
fimilar paffages, until it becomes warmed, and makes its exit 
through the mouths into the apartment. This method it 
not fo fimple as the fmall chambers or apartments of the 
Ruffian (loves, nor is it fo good in the long run ; becaufe 
the paffages are very liable to become dogged with foot ; 
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and even before they are fo clogged as to intercept the 
p adage of the fmoke, the tranfmiffion of the heat is much 
impaired, becaufe the interior furfaces of the flues becom- 
ing coated with foot, do not conduct the heat fo rapidly, 
and in confequence, a great part will ftill pafa out into the 
chimney. Alfo, thefe flues with fmall pafTages require a 
ftronger draught in the chimney, to make the air pafs 
through the pillages, than when chambers are ufed. 

The Holland iron ftove, which has a flue proceeding 
from the top, the fire place and afh-pit being doled by 
fmall iron doors opening into the room, comes next to 
be conlidered. It is frequently made of iron-plate, and is 
mod commonly called a German ftove. Its conveniences 
«re, that it makes a room warm all over, for the chimney 
being wholly clofed, except the flue of the ftove, very little 
air is required to fupply that, and therefore not much rutiles 
in ar crevices, or at the door when it is opened. Little fuel 
ferves, the heat being nearly all faved ; for it radiates almoft 
equally from the four Tides, and the bottom and top, into 
the room, and prefently warms the air around it, which 
being rarefied rifes to the ceiling, and its place is fupplied 
by the lower air of the room, which flows gradually to- 
wards the ftove, and is there warmed and rifes in its turn, 
fo that there is a continual circulation, till all the air in the 
room is warmed. The air, too, is gradually changed by the 
ftove-doors being in the room, through which part of it is 
continually pafling, ai d that makes thefe (loves more wholc- 
fome, or at leaft more pleafant, than the German ttoves, next 
to be fpoken of. But they have the inconvenience that there 
is no fight of the fire, which is in itfelf a pleafant thing, 
nor can any other ufe be conveniently made of the fire but 
that of warming the room. 

When the room is warm, people not feeing the fire are 
apt to forget fupplying it with fuel till it is almoft out, then 
growing cold, a great deal of wood is put in, which foon 
makes it too hot. The changes of air are not carried on quick 
enough, fo that if any fmoke or ill fmell happen in the 
room, t remains a long time before it is difeharged. For 
thefe reafons, the Holland (loves have not been much intro- 
duced among the Englifh (who love the fight of the fire), 
unlefs in fome workshops, where people are obliged to fit 
■ear the windows for light, and in fuch places they have 
been found of great ufe. 

The real German ftove is made like a box, one fide want- 
ing, and that fide is built againfl the wall of the room. It 
is compofed of five iron-plates itrewed together, and fixed 
fo as that the fuel can be put into it from another room, or 
from the outfide of the houfe. It is a kind of oven re- 
verfed, its mouth being without and body within the room 
that is to be warmed by it. This invention certainly warms a 
room very fpeedily and thoroughly with little fuel : no quantity 
of cold air comes in at any crevice, becaufe there is no dif- 
charge of air which it might fupply, there being no paffage into 
the ftove from the room. Thefe are its convenience*. Its 
inconvenicncies are, that people have not fo much fight or 
ufe of the fire as in the Holland iloves, and arc moreover' 
obliged to breathe the fame unchanged air continually, mixed 
with the breath and refpiration from one another’s bodies, 
which is very difagreeable to thofe who have not been ac- 
cn Homed to it. 

This may be remedied by making a fmall aperture into 
the flue, with a regiller to draw ofF the air. This kind of 
ftove is ftill iefs in ufe in England than that which we have 
before deferibed, and which is generally called the German 
ftove, although it is ufed by the Dutch in (lead of the 
Germans. 

MefTre. Strutt, in their extenfive cotton-mills at Belper, 
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in Derbyfhire, have employed a kind of ftove which is 
found to anfwer extremely well ; it confifts of what is called 
a cockle, that is, a fquare cheft or veffel of iron-plate, rivetted 
together in the manner of a boiler, and fet in a furnace, fo 
that a fire can be made wkhinfide of it upon a grate, 
and the fmoke will pafs off through a fmall paffage into 
the flue which conducts to the chimney, the paffage of 
which is regulated by a Aiding damper. The cockle is of 
confiderable dimenfions, as mucli as four feet fquare and 
live feet in height, and the fire is made at the bottom of it, 
upon a grate of about fourteen inches by eighteen, fo that 
the fire docs not any where touch the infide of the cockle, 
but the heat rifing up therein gives a confiderable and equable 
heat, without rendering it fo hot as to burn the air which 
it is intended to warm, for if that is once done the air will 
be rendered unpleafant. 

The cockle is inclofed in a cafing of brick-work, which is 
of the fame ftiape as the cockle, and leaves a fpace all round 
between of a few inches. This cafe of brick-work is again 
furrounded by walls of brick-work, leaving a fpace of about 
eighteen inches all round ; and thefe walls are carried up 
above, to form the chimney or funnel to convey the warmed 
air up to the feveral apartments of the mill. This chimney 
is divided, by thin brick partitions, into as many different flues 
as there are floors to be warmed ; and a fmall opening is 
made, with a regifter, from each flue into the apartment it is 
intended to fupply. This opening is made dole to the floor ; 
and in order to make a change of the air, ventilators are 
placed high up in the apartment, fo as to be near the 
ceiling. 

This divifion of the chimney into feveral different flues is 
intended to equalize the fupply of air to the feveral apart- 
ments, and by this means the upper apartments are equally 
well fupplied with warm air as thofe below. 

In order to make the air pafs in contact with the furfacc 
of the heated cockle, a horizontal partition is built in the 
fpace between the chimney and the brick-cafing of the 
cockle. The level of this partition is at about one half the 
height of the cockle, and its effe& is to divide the brick- 
cafing of the cockle into two halves, one above the partition 
and the other below. The cold air is freely admitted into 
the lower part of the chimney beneath the partition, but 
cannot efcape into the chimney above it, without entering 
into the fpace between the cockle and its brick-cafing, 
through a number of fmall openings made in it beneath 
the horizontal pofition ; and in thus pafling in contaft 
with the ftirface of the cockle the air becomes heated, and 
pafl'es out again, through openings in the brick-cafing, into 
the chimney above the partition. In order to make the cold 
air ftrike more forcibly againfl the heated furface of the 
cockle, a fmall iron tube is fitted through each of the open- 
ings in the lower part of the cafing, and the ends of thefe 
tubes approach very near to the furface of the cockle. Mr. 
Strutt has introduced this kind of ftove into the new Infirmary 
at Derby, and in feveral other firailar inflitutions it has been 
adopted with great fuccefs. 

In 1799, Mr. James Burns of Glafgow took out a patent 
for an improved ftove, or fire-grate, to burn with an open 
fire ; his ftove has a very elegant appearance, and feveral ad- 
vantages. The objedl of the improvement was to prevent the 
heat generated by combuftion, and thrown out into the apart- 
ment by radiation, from being unneceffarily wafted by the 
draught of air for the fupport of the fire, as is ufual in ftovet 
or grates of the common conftru&ion ; where all the air that 
goes to maintain the combuftion is furnifhed from the warm 
air in the room, the wafte of which is fupplied by the ex- 
terior cold air, which comes pouring into the room at the 
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bottoms of the doors, or by the fides of the windows, and 
thereby undoes a great part of the effect that otherwife 
would be produced by the fire. To accomplifli this inten- 
tion, the air that maintains the fire in the improved (loves is 
brought through a tube, which is called the air-tube, from 
the outfide of the houle, and may be made to pafs between 
two of the joiits, (where the floors and ceilings are clofe 
enough to allow this,) fo as to be brought to the bottom 
bars of the grate, without having any communication with 
the interior air of the room ; while, at the fame time, the 
grate and parts connected with it are fo conftru&ed, that 
when the nre is not wifhed to be fup plied with cold air 
from the outfide of the houfe, the paifage may be (hut more 
or lefs perfe&ly by means of a valve, a fm.ill door, a cock, 
or any fimilar contrivance. When convenience does not ad- 
mit of the air-tube being carried to the outfide of the lioufe, 
it may be carried to a cellar, larder, or (1 air-cafe, and the 
fame end will be gained, with this farther advantage, that 
fuch cellar, or other apartment, will be always well venti- 
lated, and prevented from acquiring or retaining any un- 
healthy or difagreeable fmells. 

The principle is to fupply the fire with air from without 
the room or apartment, lo as to prevent the warm air of the 
room from being drawn to the fire-place and hurried up tl e 
chimney, while, at the fame time, all the advantages of open 
grates may be enjoyed. 

The form of Mr. Burns’ ftove 19 that of a vafe or urn 
placed in the chimney-place, which is made circular, to form 
a niche for its reception. The urn is open at top, and the 
Tides are formed of open work or grating, with a grated 
bottom, forming a fufficient fpace to contain the fire ; but 
the pedeftal and lower part of the vafe are made clofe, to pre- 
vent the entrance of air to the fire, except that which pafies 
up from the air-tube through the hollow pedeftal ; and 
within this pedeftal is an air-valve, which opens and (huts by 
a regifter, to regulate the entrance of the current from the 
open air. In the pedeftal of the vafe is a drawer, to receive 
the afties. The niche or chimney in which the vale is placed, 
has the ufual opening at top to carry off the fmoke. The 
air for the fupport of the tire enters from the external air, 
through the tube or air-pipe before deferibed, and pafies into 
the hollow pedeftal of the vafe ; and having pafied through 
the hollow neck or Hem of the vafe, it finds no difficulty in 
paffing up through the bottom of the grate c the back or fide 
of the afh -drawer next which the aperture is being made 
low, to allow it to flow in freely. The grate and its internal 
cavity may be of any convenient form, but circular or ellip- 
tical will anfwer bell, efpecially when another improvement 
is applied. This is a glafs talc or iron- work fence or fereen, 
to prevent thofe dreadful accidents which fo frequently oc- 
cur of ladies’ or children’s clothes being fet on fire by fparks 
from the grate. Where this fafe-guard fence or fereen is 
wiffied to be applied, the infide of the chimney where the 
grate is to ftand mu ft be a femi-cylinder, or nearly fo, with 
a lining or cover, made of metal, at fuch a diftance from the 
femi-cylindrical wall or niche in which the ftove is placed, 
as to give fufficient room for allowing the fafe-guard or fence 
to be (lid round into it, when the fire is wifned to be left 
open to introduce frefh fuel, or when the drawer with the 
afhes is to be removed. The fence is a frame-work of me- 
tal, which, when filled up with glafs, or with wire-work, 
forms a portion of a cylinder, anfwerable to the curvature of 
the fpace between the back of the chimney and the lining 
above-mentioned, made in one or two pieces, and moving 
in a circular groove in the hearth, which ferves to conduct 
it into its place behind the grate, when the fire-place is 
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wanted to be left open, as before-mentioned. The top of 
the front of the opening (the chimney-piece) pmje&s in a 
circular form, or ib furmffied with an added proje&ion, made 
of metal, and furnifhed with a circular groove on its under 
furface, of the fame radius as the groove in the hearth, for 
the purpofe of guiding the upper part of the frame of the 
guard. The glafs with which the frame of the guard is 
hiled may be ilained or painted : complete fafety is thus 
obtained, ard, at the fame time, the comfort arifiug from 
the view of a cheerful fire is not prevented by the interpo- 
fition of a y opaque body. But for nurferies or the like, 
where convenience and fafety are more the object s than ele- 
gance or luxury, the frame-work may be filled up with 
wire- work. 

Infte,\l of fuch grooves at top and bottom for the fence 
to move in, the fence itfelf may be furnifhed with a groove 
at its top and one at its bottom, to receive any projecting 
piece of metal, or other fubftance of a proper curvature ; 
or its bottom groove may receive the upper edge of the 
fender, which, being made to a proper curve, and properly 
adj ufted and kept in its place, will anfwer the fame end. 
But whichever of thefe ways be followed, or whatever other 
method of conflrudlion (for it may eafily be varied to anfwer 
circumflances), rollers or caftors ffiould be provided at the 
lower part of the fence, to make it move with greater eafe, 
either to the front of the grate, or into the fpace between 
the back of the chimney and the lining above-mentioned. 
Where either the glaf9 or the wire-work frame, or both of 
them, are meant to be applied to fquare or redt angular 
chimnies, without the trouble of giving them a femi-cylin- 
drical form, the lining to receive the fence or fences may be 
introduced at the Tides, or jambs, of fuch chimnies ; or the 
fence may be made to rife, by means of pullies, into the 
wall above the opening, or be Aid Tideways into the walls 
at the Tides of the openings. 

Befides the advantages already pointed out as connected 
with them, thefe ftoves poflefs alfo the following ; any room or 
apartment may be heated by their means with a much fmaller 
quantity of fuel than by common open fires ; at the fame time, 
the advantage of feeing the fire is not loft, as in clofe ftoves, 
for thefe grates have fide as well as bottom bars, which allow 
the radiant heat and light to be thrown out into the room, 
without any impediment ; and, in fadt, large rooms, halls, 
and the like, which by the ufual methods can hardly be 
warmed, or made at all comfortable in cold weather, may, 
by means of thefe improvements, be heated as effectually as 
the fmallefl apartment j for when their full cffedl is wanted 
to be procured, it is only neceffary to keep the fence in its 
recefs, that even that portion of heat which would be kept 
back by the interpofed glafs or wire-work, may be thrown 
out into the room, and perform its office. 

In 1804, Mr. Jofhua Jowett of London obtained a patent 
for a very fimilar contrivance, which he called a fire-guard 
ftove, which is intended to prevent accidents from fparks of 
fire flying out. The ftove itfelf is an open fire, and is ufually 
made of a cylindrical form, the axis of the cylinder being ver- 
tical. One half of the cylinder which faces the apartment is 
made with bars at the lower part, to contain the fire, and an 
opening over them to feed it. The back part of the cylinder 
is made of caft-iron plate ; but, inftead of the brick-work 
being built up clofe round the back, a fmall fpace is left to 
receive the guard. The weight of the ftove or grate is fup- 
ported upon a vertical iron bar, which is in the centre, or 
axis of the cylinder, which forms the ftove, and the guard 
f wings round upon this bar as a centre, and being a half- 
cylinder of wire-work, can be brought in front to inclofc 
Oo z 
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tbe fire, or it can be turned round behind the ftove out of 
fight. 

The fire-guard may be fixed to any ftove which will admit 
of two centres or pivots being placed in a perpendicular line 
in the back of the ftove, to fufpend the fire-guard, and 
guide its motion ; and the ftove muft admit of grooves on 
either fide, for the guard to pafs through, as the levers will 
dire&. The principle of the a&ion of the fire-guard, is that 
of being united to two centres or pivots, placed perpendi- 
cular one to the other ; and it is conne&ed to the two cen- 
tres fixed to the ftove by means of two lever-cranks, one 
end of which is fixed to the guard, and the other end of 
each to the centres or pivots, by which the guard fwings 
in a rotatory motion, palling through a groove formed in 
the ftove on either fide, to lwing before the fire when re- 
quirod, and is brought into ufc by means of a handle or 
nob, fattened to the front edge of the frame of the guard 
for that purpofe ; or, inftead of drawing it out with the 
hand, as before described, it may be brought into ufe by 
means of a fpring fattened to the crank, and prefling againtt 
the cheek or back of the ftove, to throw the guard forward. 
The fame effect may be produced by means of a balance fat- 
tened to any part of the fire-guard, and working with a line 
or chain over pullies fixed to the ltovc, or by means of the 
combined force of the fpring and balance. 

Mr. Allan Pollock took out a patent, in 1807, for a ftove 
which is very fimilar to the Swedith ftoves, having chambers 
through which the fmoke is fucceflively conveyed, and gives 
out its heat to the air of the apartment in which it is placed : 
in addition to this, the ftove u made to give a conltant cur- 
rent of warmed air ; for this purpofe, the cold air is made to 
enter and circulate through winding pallages, fituated in the 
back of the fire-grate, or fpace in which the fire burns, and 
the fame paflage is continued, by an iron tube, through the 
fmoke chambers up to an air-chamber fituated in the top, 
from which it paffes into the apartment. Thefe ftoves 
are made of call-iron ; but, to prevent the air receiving 
any tairtt from palling in contaft with the hot iron, Mr. 
Pollock propofed to apply a compofition to the cores of the 
moulds in which the pipes are to be cait, which compofition 
will become vitrified by the heat of the melted iron, when 
the fame is poured into the mould, and will form a glally or 
vitrified lining to the tubes, and prevent the a&ual contact 
of the air with the iron. Thefe ftoves anfwer very well. 

A very important improvement in thofe fire-places for 
burning of coal, which are generally called regilter-ftovcs, has 
been lately made by Mr. John Cutler of London, for which 
lie had a patent in 1815. The ftoves conftru&ed by him are 
nearly Inch as are known by the name of regifter-ftoves, 
being made of cad-iron plate to indofe the fire-place at the 
back and fides, but open in front to the apartment ; leaving 
only a paflage for the fmoke through a regifter, at the 
upper part of the inclofed fpace. Mr. Cutler’s improve- 
ment conlifts in applying to fuch grates or ftoves a cham- 
ber, or magazine, fituated beneath the grate (or the fpace 
inclofed by grating) in which the fire is to burn. This 
chamber is lo contain a magazine of fuel fufficient to fupply 
tbe combuftion for a whole day, or other required fpace of 
time : the bottom plate of the chamber is moveable ; and 
by means of a wheel and axle, the fuel contained in the 
magazine can be elevated, fo as to introduce a portion of 
the fuel into the grate at the lower part, or from beneath ; 
and thus, from time to time, replace the fuel which is 
confumed, without the trouble of occafionally throwing on 
coals. 

In order to make the fire burn, the flue or entrance to 
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the chimney muft be of fuch a conftru&ion, as will produce 
the mod efficient draught or current of air to pals through 
and acrofs the top of the fire. This improvement of intro- 
ducing a fupply of fuel into the grate from beneath, caufes 
the fire to burn clear and with little fmoke * becaufe the 
fmoke, or gas, which ifi’ues from the newly introduced fuel, 
when it is firth heated, muft of neceffity afeend through the 
burning fuel, and be thereby confumed. Another im- 
provement is to reduce the fire, or extinguifh it, when it is 
left for the night. This is done by lowering down the 
whole of the fire from the grate into the chamber, or maga- 
zine, beneath the grate : the fupply of air is thus inter- 
rupted, and the fire is completely inclofed in a deep cheft, 
fo that it is impoffible fparks can fly out, and the fire foon 
becomes extinguifhed. The advantages of ihefe improve- 
ments are by no means trifling. By burning the Imoke, 
the whole effect of the fuel confumed is produced ; and 
were this invention univerfally introduced into London, that 
pernicious footy at mo fp here in which it is hidden would be 
fo improved, as to be equally pure with that of Paris, or 
other continental cities, where wood alone is ufed for fuel 
The burning of the fmoke renders the fweeping of the 
chimnies unneceffary, and the danger of fire from the foot 
contained in the flue is avoided : alfo chimnies which throw 
out fmoke into the room will, in almolt all cafes, be cured 
by this improvement, bccaufe the quantity of air or gas 
which muft pafs through the chimney is fo fmall. To 
avoid the trouble of throwing on coals, and to have at all 
times a bright and chearful lire, are matters of convenience, 
but are not wholly to be overlooked : and, laftly, to have 
the means of extmguifhing the fire, when it is left for the 
night, is a moll important improvement ; when it is con- 
fidcred that, amongft the fires which happen every year in 
London, how many break out in the hours when the fires 
are left, and a great proportion are doubtlefs occafioned by 
fires left unextingui Hied. 

The machinery for raifing up the moveable bottom of 
Mr. Cutler’s ftove is very limple. The magazine-chamber 
is compoled of iron plates f?rewed together, and the move- 
able bottom is fitted to it, fo as to leave as fmall a fpace 
round the edges as pofiible. A bar is fixed acrofs, beneath 
the bottom plate ; and the ends of this bar pafs through 
flits, or narrow openings, in the fide plates of the chamber. 
To the extremities of the bar the ends of two chains 
arc attached, and the upper ends of thefe chain 1 are made to 
wind upon the ends of a horizontal axle, which extends 
over the top of the ftove, fo as to be within the chimney, and 
out of fight. The axle is turned round by a face or crown- 
wheel, fixed upon the extremity of it, and the teeth thereof 
are engaged by the teeth of a fmall pinion, the axis of which 
comes through the iron work of the ftove ; and the end has 
a fmall fquare hole in it, to receive a fquare or key upon a 
fmall winch handle. By means of this handle, the iron axle 
is turned round, and winds up the chains, fo as to elevate 
the bottom plate of the magazine, and thereby raife up a 
portion of frefh fuel into the lower part of the grate, where 
it is burned, as before mentioned ; and the finoke which 
firft i flues from the coal rifes through the fire, and is thereby 
confumed. 

Mr. Cutler has made a great number of thefe ftoves, 
which are found to anfwer very well : they have all the fame 
properties as Dr. Franklin’s cylindrical grate, but in a 
greater degree 5 and the fire can be fupplied with frefh 
coals at the lower part, without the trouble of inverting 
the grate. 

Stoves, American, are contrivances for warming of 
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rooms, &c. by a continual introduction and exchange of invention of Ur. Franklin, who then refidcd in Philadelphia, 

dry frefh air. Ihefe (loves are called American, becaufe Sec Fire -Places. 

the tirll patterns in calt-iron upon this principle were the 
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Stream-?//!, in Mineralogy. Particles or maffes of 
tin-ore found beneath the fur face of alluvial ground in low 
fituations, or in vallie*, are called Jlream-tin in Cornwall and 
Devonfhire, from the proo f* nfed to IVparate the earthy 
matter from it, which coniills in palling a ilrcam of water 
over it. The particles of ftream-tin are generally rounded 
by attrition. The ore is of the belt quality, and is fome- 
Umt'R intermixed with particles of native gold. See the fol- 
lowing articles, and Tin. 

Stream -Works. The alluvial repertories of tin-ore are 
called dream-works. (See the preceding article. ) They 
corifilt of beds or ftrata of particles, and rounded pieces of 
tin-done, covered by alluvial depofits of laud or gravel. 
The formation of thefc repofitories in Cornwall is owing to 
the foft decompofing Hate of the rocks, which a r e interfered 
by metallic veins. Tin-Hone or tin-ore pofleffes great hard- 
nefs and fpccilic gravity, and when carried down by rivers or 
floods, is leparakd tiom its matrix by the action and re* ad ion 
of the water, and fpread into layers, which arc afterwards 
covered by beds of land, clay, or gravel, over winch an- 
other layer of ltream-tin is fometime^ found covered with an 
upper depofit of alluvial matter. That ftream-tin has been 
carried down to the fituations in which it now occurs, is 
proved from another circumltance, — fragments and maffes of 
rock are found with it, which, in many inltances, ferve to 
identify the rock from whence it came, being different from 
the rocks in the vicinity, and often poflefling fome charac- 
ter! (tic appearance by which it can dc immediately known 
to the miners of the country. Almoft all the rocks of 
Cornwall are in a Hate of rapid difmtegration, and have 
evidently been much higher than at prefent at fome former 
period. Many of the dream-works or repofitories are of 
very ancient date, as they occur confiderably below the pre- 
fent level of the rivers. Human fkulls, and the horns of the 
elk, or dag, have been found in the beds of fand which 
cover them. In the ftream-works near St. Aiillle, pieces of 
native gold, from the fize of a bean to that of an hazel-nut, 
were occafionally found j and a piece of a vein of quartz 
from the lame place, about one-third of an inch thick, 
containing imbedded globules of native gold, the fize of 
large (hot, is in the polleffion of Mr. Hennah, of Plymouth : 
the latter is important, as proving that gold once cxided in 
regular veins. In St. Blazey Moor there is a depth of 
twenty feet of alluvial foil. The fird dratum next the fur- 


face is compofed of gravel reding upon mud ; the fucceeding 
itratum is gravel, containing a little tin-ore : this lies upon 
a bed of dark combullible pcat*earth. Immediately 
under this lies a bed of dream-tin, about five feet thick. 
Great part of this dream-tin had been wrought out at a very 
remote period, and before ii on mllruments were in ufe; for 
feveral wooden pick-axes, made of oak, holm, and box* 
were difeovered in it a few years fince. Stream- works fome- 
times extend under the fea on the coaft of Cornwall. One 
of the moll lcmarkablc of thefe works is in a branch of Fal- 
mouth harbour. That variety of tin-ore called wood-tin is 
found in dream-works, but is not at prefent met with in 
regular tin-veins. 

In fome parts of the mining didricb of Derbylhire, lead- 
ore is met with in alluvial depofitions. Mr. Farey, in his Der- 
by (hire Report, p. 373, mentions a mafs of lead-ore, 2jlbs. 
weight, being taken out of a gravel at the top of a hill in 
the village of Wyanton, which proves that maffes of lead- 
ore have in former times been carried far from their native 
fituations ; and the reafon why they are not more frequently 
found, arifes from their being fofter and more perifliable than 
tin-ore. Many of the alluvial repofitories of gold have a 
fimilar origin to the dream-works of Cornwall. The gold, 
being heavy and imperifhsble, has remained, while the ma- 
terials in which it was imbedded have been walhed away. 
See Vein. 

STREAMING, or Stream -Works> denotes the ma- 
nagement of the dream-tin. The fird part of this bufinefe, 
after fccuring the ground which contains it, is to fink a 
hatch, or (haft, three, five, or feven fathoms deep, to the 
rocky fhelf or clay on which the tin is dratified. If, upon 
trying a (hovel of it, it be worth working, the operator dig* 
an open trench in the lowed part of the valley, which he 
calls a level ; and this ferves to drain off all water from the 
workings. Thofe places that are rich in ore arc called 
hrylci or living-dreams. The dreamer next carries off what 
he calls the over-burden, 1. e. the loofe earth, rubble, or 
done which covers the dream ; and the dream-tin is dug up 
and walhed at the feme time, by cading every {hovel of it as 
it rifes into a tyc, which is an inclined plane of boards for the 
water to run off, about four feet wide, four high, and nine 
feet long : in which, with fhovels, they turn it over and over 
again, under a cafcade of water which wafhes through it, 
and feparates the wade from the tin, till it becomes one half 
Uu 
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tin. The bed of the tin is colleded by its fuperior’gravity, 
in the head of the tye, under the cafcade ; and the refute and 
foil are call into the beds of adjacent rivers, or buried under 
the gravel and ftones that form the interior ftrata. This 
kind of tin is drefl'ed by walking it again in a fmaUer tye, 
called a pounce, with a lefs current of water, and greater 
care. The richer part is put into large vats, and the wafte 
is dreffed again, till what remains becomes refute ; the tin is 
then fifted through wood or wire fieves, which feparate the 
greater and fmaller particles : the fmalleft tin is put into an- 
other firmly weaved horfe-hair fieve, called a dilutcr, by 
which it is made faleable. 

Some of the nodules of tin are fmelted as they come out 
of the tye ; but thofe which are mixed with water, as well 
as the refufe of the poor tin, which were in the tails of the 
tyeand gounce, are triturated and pulverized in the ftamping- 
mill, fo that all wafte may be cleared from the tin by feveral 
ablutions, as in the dremng of mine-tin. See Drejfmg of 
Ores. 

Befide thefc ftream-works, there is another fort, occa- 
fioned by the refufe from the ftam ping-mills, &c. which are 
carried by the rivers into the lower grounds, and after 
lying fome years and collefting there, yield fome money to 
tne laborious dreflers, called lappiors , probably from the 
Cornifh word lappior , or dancer, from the method of 
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moving up and down with naked feet in the buddies, to fe- 
parate the tin from the refufe. Stream-tin is then carried 
to the blaft-furnace, called the blowing-houfe, in which a 
fire is made with charcoal, excited by two large bellows, 
which are worked by a water-wheel. The tin and char- 
coal are laid in a furnace, made by moor-ftones and clay, 
well cemented and cramped together with iron, called the 
caltle, ftratum fuper Itratum, in fnch quantities, that from 8 
to 12 cwt. of tin, by the confumption of from 1 8 to 24 fixty- 
gallon packs of charcoal, may be fmelted in a tide, or twelve 
hours’ time. The tin is forced out by the blaft of the bel- 
lows, through a hole at the bottom of the earth, into a 
moor-ltone trough, called the float ; whence it is laded into 
lefs troughs or moulds, each of which contains about 3 cwt. 
of metal, called flabs, blocks, or pieces of tin, in which 
fize and form it is fold in every market in Europe. This, 
on account of its fuperior quality, is known by the name of 
grain-tin , which formerly fetched a price of 71., and of late 
is advanced to iox. or I2j. more per cwt. than mine-tin is 
fold for, becaufe it is fmelted from a pure mineral by a char- 
coal fire ; whereas mine-tin is ufually corrupted with 
fome portion of mundic, or other minerals, and is always 
fmelted with a bituminous fire, which communicates a har/h 
fulphurcous quality to the metal. Pryce’s Mineral, 
p. 136, &c. 
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STRENGTH, w, force, or power. 

It has been faid that the ftrengths of different animals of 
the fame fpecies, or of the fame animal at different times, 
arc in a triplicate proportion of the quantities of the mafs 
of their blood : the whole ftrength of an animal being the 
force of all the mufcles taken together ; therefore, what- 
ever incrcafes ftrength, incrcafes the force of all the 
mufcles, and of thofe ferving digeftion, as well as others. 
See Muscle. 

Yet, though the truth of this obfervation be allowed, the 
quantity of blood may be increafed in fueh circumftances as 
to abate the ftrength. The equilibrium between the blood 
and veflels being deltroyed, wonderfully lcflens the ftrength. 
The hidden fuppreflfon of perfpiration, though it increafcs 
the quantity of the blood, ns it mult confiderably do fo, by 
SanCtorius’s calculation, yet it lellens the ftrength ; be- 
catife the retained matter, being what ought to be evacu- 
ated, fo alters the texture of the blood, as to make it unfit 
for rnufcular motion. 

Suppofe the increafe of quantity to be connected with an 
extraordinary vifeidity, the quantity of fmall feparable parts 
decrcafing as the vifeidity incrcafes, the quantity of animal 
fpirits feparated in the brain will be lefs ; and the tenfion 
of the fibres being in proportion to the animal fpirits forced 
into them, they will not be able to counterpoife the great 
weight of the blood, and fo the ftrength will be diminifhed. 

Bellini proves, that if the blood be fo vitiated as to in- 
creafe or dimimfh ftrength, it amounts to the fame as if the 
blood were in a natural (late, but its quantity increafed or 
diminifhed in the fame proportion : fo that the blood, when 
vitiated, may fo impair the ftrength of the mufcles, as even 
to fpoil digeftion ; and yet, in fomc cafes, it may be fo 
vitiated as to help digeftion, and increafe ftrength. 

M. de la Hire, in a calculation of the ftrength of a man 
in drawing and bearing, (hews, that the ftrength of an or- 
dinary man walking m an horizontal direction, and with 
his body inclining forwards, is only equal to twenty-feven 
pounds ; which is much lefs than one would have ima- 
gined. 

He adds, that this force would be much greater, if the 
man were to walk backwards ; and that it is for this real'on, 
that watermen fetch their oars from before backwards : and 
though, he oblerves, the gondoliers of Venice fetch them 
the contrary way, yet this is, bccaufe they choofe to lnfe 
the advantage of ftrength, to have that of feeing the place 
they are going to, in the numerous turns and canals they 
there meet with. 

It is known by experience, that a horfe draws, horizon- 
tally, as much as fcven men ; confcqueritly, his ftrength will 
be 1 89 pounds. A horfe, as to pufhing forwards, has a great 
advantage over a man, both in the ftrength of its mufcles, 
and the difpofition of the whole body ; but the man has 
the advantage over the horle in afeending. M. de la Hire 
(hews, that three men, laden with 100 pounds a-piece, will 
ifeend a pretty fteep hill with more eafe and expedition than 
a horfe laden with 300 pounds. 

Hakewell, in his Apology, p. 238, furnifhes us with 
ibundance of inftances of extraordinary ftrength. 

Strength of a Sentence, in Grammar and Rhetoric , 
denotes fuch a difpofition or arrangement of the feveral 
words or members, as fhull bring out the fenfe to the Left 
advantage, render the impreflion which the period is de- 
signed to make molt full and complete, and give every word 
and every member their due weight and force. A fentence, 
as Hr. Blair oblerves, may be fufficiently clear, and poflefs 
‘the requifite compadtnefs or unity ; and yet, by fome un- 


favourable circumftance in its ftru&ure, it may fail in that 
ftrength or livelinefs of impreflion, which would have been 
produced by a more happy arrangement. The jirjl rule, 
which this writer gives, for promoting the ftrength of a 
fentence, is to divclt it of all redundant words and mem* 
bers. The fecond rule is to attend particularly to the ufe 
of copulatives, relatives, and all the particles employed for 
tranfition and connexion. The third rule is to difpofe of 
the capital word or words in that part of the fentence in 
which they will make the fullelt impreflion. The fourth 
rule is to make the members of fentence9 go on rifing and 
growing in their importance above one another; which 
kind of arrangement is called a climax (which fee): in other 
word?, a weaker aflcrtion or proportion fhould never come 
after a ftronger one ; and when a fentence confifts of two 
members, the Ion gelt fhould, generally, be the concluding 
one. The fifth rule is to avoid concluding fentences witn 
an adverb, a prepofition, or any incoiiliderable word ; be- 
caufc fuch conclulions are always enfeebling and degrading. 
Betides particles and pronouns, any phrafe, which exprefles 
a circumftance only, always brings up tbe rear of a fentence 
with a bad grace. Another rule, relating to the ftrength 
of a fentence, is this : that, in the members of a fentence, 
when two things arc compared or commit ed to each other, 
where either a refemblance or an oppoiition is intended to 
be exprefled, fomc refemblance m the language and con- 
flniCtion fhould be preferved ; for when the things them* 
felvcs correfpond to each other, we naturally expert to find 
the words corre (ponding too. We might here add, that 
the found, harmony, and eafy flow of the words and mem- 
bers of fentences, contribute to promote their ftrength and 
effect. This rule comprehends the choice of words, and 
their arrangement ; the order and difpofition of the mem- 
bers, the cadence or clofe of fentences, and the found of 
words as adapted to their fignification. For t lie illuflration 
and application of thefe rules, we refer to Blair’s LcCtures, 
vol. i. and Murray’s Grammar, vol. 1. Sec Style and 
Numbers. 

Strength and Stirfs of Materials , in Mechanics , is a 
fubjeCt of very con Adorable importance, and one which, of 
all the branches of this ufeful fcience, is the leaft under- 
flood. AVe have, indeed, two or three diftinCt theories by 
different authors, for eftimating the ftrength of beams, and 
other materials, according as they are placed in this or that 
pofition ; but it unfortunately happens that we owe .all 
thefe theories to men who have not thcmfelves made an\ 
experiments, and have, therefore, no better foundation than 
mere hypothefis, and eonfequently are not only difeordant 
amongft each other, but totally at variance with prac- 
tical refults. The authors to whom we more parti- 
cularly allude in this place, are Galileo, James Bernoulli, 
Leibnitz, Euler, and Lagrange ; names certainly of the 
firft eminence as philofophical mathematicians, and whofr 
refpeCtive inveftigations, while we only contemplate the 
analytical precedes cf them, are highly honourable to the 
genius and talents of their authors : but when we confider 
them with reference to their practical application, we are 
obliged to admit that they are almoft entirely ufelefs. Had 
the materials the properties thefe authors fuppofe, vi*. 
were they perfectly eiaftic in one cafe, or perfectly rigid 
and incomprefliblc in another, then we fhould doubtkfs find 
the refults fuch as have been deduced ; but we know that, 
practically, none of thefe properties are found to have* 
place. We know of no bodies either perfectly hard, or 
perfectly elaltic ; we know of no bodies that are either 
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wholly incompreffible, or inextenfible ; and, confequently, 
of none to which thefe theories will apply: being each 
founded upon fome hypothefb, which neceflarily involves 
one or other of thefe principles as their bafes. 

There is, however, another clafs of men to whom we are 
indebted for many varied experiments ; but not one of them, 
we believe, has ever attempted to eftablifh any theory, as 
founded upon the fa&s which thefe experiments have elta- 
blifhed. Of the latter clafs are more particularly to be dif- 
tinguifhed Mariottc, Parent, Belidor, Mufchenbroeck, and 
Bui Fon, particularly the latter, who, with Du Hamel, was 
employed by the French government in making experiments 
on a very confiderable fcale ; but unfortunately M. Buffon 
conduced them rather as a natural philofopher than as a 
mathematician, and, therefore, did not deduce from them 
thofe ufeful pra&ical refults, which might a priori have 
been expe&ed. Our countryman, Emcrfon, alfo made 
fome experiments on the ftrength of various materials ; but 
little confidence is, we believe, to be placed on his deter- 
minations. They appear to have been made in too grofs a 
manner to be at all depended upon, to form the ground- 
work of any calculations ; as, in fome cafes, they nearly 
double the ftrength which has been found by other and 
more accurate experiments ; while, in fome, they make it 
not more than half. Thus, Emerfon fays, that a piece of 
oak, a yard long and an inch fquare, when fupported at its 
two ends, bore, before breaking, 330 pounds ; whereas 
Belidor makes the ftrength only 187 pounds ; and we have 
repeated the experiments on feveral pieces of oak of the 
fame dimenfion, and have found a very accurate agreement 
between them, and the mean given by the latter author, 
viz- 187 pounds. The direct ftrength of cohefion of the 
different woods given by Mufchenbroeck and Emerfon are 
alfo much at variance with each other; and though we 
ought not perhaps, in fuch a cafe, to give our entire con- 
fidence to either, yet the care Mufchenbroeck appears 
to have taken, and the minutenefs with which he deferibes 
the procefies he employed, cannot but incline us to adopt 
his refults, in preference to Emerfon’s, till fome farther 
experiments have been made, that, from their number and 
accuracy, may infpire us with greater confidence. Such a 
courfe of experiments is now carrying on at the Royal 
Military Academy, Woolwich, by Mr. Barlow of that 
inftitution ; and as nothing will doubtlefs there be wanting 
to render the courfe complete, either with regard to the 
fele&ion of proper woods, or the accuracy of the work- 
manfhip that may be required, the publication of them 
will doubtlefs be very interceding, as the means of fupply- 
ing a great defidcratum amongit the fcicntific engineers of 
this country, “ This fubjed,’’ fays Dr. Robifon, “ is of 
fo much importance, that in a nation fo eminent as this for 
invention and ingenuity in every fpecies of manufactures, 
and in particular fo diftinguiihed for its improvements in 
machinery of every kind, it is fomewhat lingular that no 
writer has treated of it in the detail, which its importance 
and difficulty demand. The man of fcience, who vifits 
our great manufactories, is delighted with the ingenuity 
which he obferves in every part, the innumerable inventions 
which come even from the individual artifans, and the deter- 
mined purpofe of improvement and refinement which he fees 
in every work -(hop. Every cotton-mill appears an aca- 
demy of mechanical fcience; and mechanical invention is 
fpreading from thefe fountains over the whole kingdom, 
But the philofopher is mortified to fee this ardent fpirit fo 
cramped by ignorance of principles, and many of thefe ori- 
ginal and brilliant thoughts obfeured and clogged with 
necdlefs and even hurtful additions, and a complication of 
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machinery which checks improvement, even by its appear- 
ance of ingenuity. There is nothing in which this want of 
fcientific education, this ignorance of principle, is fo fre- 
quently obferved, as in the injudicious proportion of the 
parts of machines, and other mechanical ftruCtures 5 pro- 
portions and forma of parts, in which the Itrength and pofi- 
tion are in no wife regulated by the ftrains to which they 
are expofed, and where repeated failures have been the only 
leflbn8. ,, 

Without entering here upon the fubjeft of corpufcular 
attraction, and the law of cohefion which the particles of 
bodies obferve, according to their different arrangements, 
a topic that would carry us far beyond the limits we can 
affign to this article, and on which, after all, fo little fatif- 
fadtory information is to be expedit'd, we fhall proceed to 
examine the different ftrains to which a body may be ex- 
pofed, and its tendency to refill fraCture, according to its 
magnitude, form, and pofition. 

A piece of folid matter may be expofed to four different 
kinds of ftrain, viz. 

1. It may be torn af under by fome force applied in the 
direction of its length ; as in the cafe of ropes, ilretchers, 
king-polls, tie-beams, &c. 

2. It may alfo be crufhed by a force applied in the direc- 
tion of its length ; as in the cafe of pillars, polls, and 
trufs-beams. 

3. It may be broken acrofs by a force adting perpendi- 
cularly to its length ; as in joifls, levers, &c. 

4. It may be wrenched or twilled by a force aCting in a 
kind of circular dircdlion at the extremity of a lever, or 
othervvife ; as in the cafe of the axle of a wheel, the nail of 
a prefs, See. 

On the direct Cohefion of Bodies . — The firll of thefe ftrains 
is by far the moll fimple, as to its phyfical operations 
though it is that of all others,' perhaps, that comes leaft 
under the confideration of a mechanic or engineer : and 
when it is the fubjeft of contemplation, if any former ex- 
periment can be had recourfe to, it is fufficient for his pur- 
pofe ; as no poflible caufe can be affigned, nor any reafon 
offered, for fuppofing but that, in fuch cafes, the ftrength 
varies di reCtl y as the area of the fe&ion of fra&ure, ana is 
totally independent of the length or pofition ; except, in- 
deed, fo far as the former may increafe the weight or force, 
when the body is fufpended in a vertical direction, or in any 
other pofition where the weight of the body itfelf increafes 
the force applied. AbftraCting from this, every part is 
equally liable to fraCture, being throughout ftretched by 
the fame force. But this fuppofes a perfect uniformity of 
corpufcular aCtion, or of the attraction of cohefion, which 
is probably not the cafe in any body in nature ; and, there- 
fore, as the longeft body, may be fuppofed to offer the 
greateft diverfity in this refpeCt : it may hence happen that 
the longeft body is the weakeft, and it is probably to this 
circumftance we mull attribute the popular notion of our 
mechanics, that a long rope is eaiier broken than a Ihortcr 
one of equal quality and thicknefs. It is a faCt perhaps 
drawn from experience, but it is one which cannot be intro- 
duced into the fcience of mechanics; for we mud there 
fuppofe the body of uniform texture, and draw all our in- 
ferences from that fource; and this obvioufly leads us to 
the above conclufion, viz. the Jlrength of bodies, expofed to 
Jlrairu in the direSion of their length, is dirt&ly proportionate 
to their tranfoerfe area, whatever may be their figure, length, 
or pofition. 

As to the irregularities to which we have above alluded, 
they doubtlefs arife from a thoufand circumftances, with 
which we are wholly unacquainted ; in metals, it depends 
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upon their purity, the heat at which they are melted, the 
moulds in which they are caft, the manner in which they are 
left to cool, and many others, which totally efcape our ob- 
servation, lince they produce different degrees of cohelion 
between particles, which, as far as our obferyation can ex- 
tent}* are circumftanced in every refpedt in the fame manner, 
being all blended in one mafs, and undiftinguiftiable the one 
from the other. 

It has been afeertained from experiment, that by forging 
a metal, or by frequently drawing it through a fmall hole in 
a ftecl-plate, its cohefion is confiderably increafed ; a fact 
which, though it feems to have excited fome aftonifhment, 
appears to us to be perfedlly reconcileable with what might 
a priori have been expe&ed from the increafed denfity which 
this operation is known to produce. Admitting the particles 
to be placed at equal diftances from each other, after wire- 
drawing or forging, as wc fuppofe them to be before, their 
lateral difiances will decreafe as the cube root of their den- 
fities, and confequcntly the number that are brought in con- 
tact in equal fe&ions, are as the *d power of the denfity ; 
the ftrength, therefore, ought to vary in the fame ratio : as to 
the difiances in the dirc&ion of the length, we do not con- 
ceive that it increafes the flrcngth ; it may render the fub- 
ftancc lefs liable to rupture in the firft inftance ; but if, as in 
all probability is the cafe, the particles are ultimately re- 
moved to a greater dillance before the fra&ure takes place, 
the fame ultimate force will be requifite to feparate the parts, 
however clofe the contact might be in the original ftate of 
the body ; that is, when firfi fubmitted to the experiment. 

We are unacquainted with the real increafe of denfity that 
may be obtained by the proceffes above alluded to ; and 
more particularly with the lateral approach of the particles, 
which may be greater than would a rife from a uniform dif- 
tribution of them ; and are therefore unable to fay how far 
the increafed ftrength agrees with what we have hinted may 
arifefrom the increafed contiguity of the particles. Lead, 
which is faid to become rarer by wire-drawing, has its co- 
hefion tripled ; gold, filver, and brafs, have alfo their cohefion 
nearly tripled ; and copper and iron have theirs more than 
doubled. How far thefe fa&s can be fatisfa&orily explained 
by the greater contiguity of the particles laterally , wc cannot 
pretend to fay, but it certainly will account for a confi- 
derable part of the increafed ftrength. 

Experiments on the direct cohefion of all bodies, and par- 
ticularly metals, are attended with confiderable difficulty, in 
confequence of the enormous weights that are requifite for 
producing fepantion in bars of any confiderable dimenfion : 
we have, however, a few refults of this kind, which we owe 
to Mufchenbroeck, and other experimentalifU, the principal 
of which are contained in the annexed table, all reduced to 
the fe&ion of a fquare inch. 

Metals. Lbs. 


Gold caff .... 

Silver caft - 

'Japan 

Barbary 

Copper caft < Hungary 
Anglefea 
. Sweden 

Iron caft - 

{ Ordinary 
Stirian 

Beft Swedifh and Ruffian 

Horfe-nails 


{ 20,000 
24,000 
f 40,000 

1 43 »°°° 
19*500 
22,000 
31*000 
34,000 
37,000 

{ 42,000 
59,000 
65,000 
78,000 
84,000 
71,000 


f Malacca 
Banca 

Tin caft ^ Block - 

| Englifh block - 
L Englifh grain - 
Lead caft .... 
Regulus of antimony • 

Zinc - 
Bifmuth - 


Lbs. 

120,000 
150,000 
3*100 
3.600 
3>8oo 
5.200 
6,^00 
860 
1,000 
a, 600 
2,900 


It is very remarkable, that almoft all mixtures of metals 
are ftronger, or more tenacious, than the metals themfelves, 
much depending upon the proportion of the ingredients, and 
thefe proportions are different in different metals. The fol- 
lowing are fome of thofe which Mufchenbroeck afferts to 
produce the greateft ftrength. 


Lb*. 

Two parts of gold with one of filver - - 28,000 

Five parts of gold with one of copper - - 50,000 

Five parts of filver with one of copper - - 48,500 

Four parts of filver with one of tin - - - 41,000 

Six parts of copper with one of tin - - 41,000 


Five parts of Japan copper with one of Banca tin 57,000 
Six parts of Chili copper with one of Malacca tin 60,000 
Six parts of Swedifh copper with one of Malacca tin 64,000 
Brafs confiding of an unknown proportion of zinc 7 

and copper ------ j * 1,000 

Three parts of block-tin with one of lead - 10,200 

Efght parts of block-tin with one of zinc - 10,000 

Four parts of Malacca tin with one of regulus of 7 

antimony ------ 3 2,0 0 


Eight parts of lead with one of zinc 
Four parts of tin with one of lead, and one of 
zinc - 


4 > 5 °° 

13,000 


Thefe refults arc very ufeful, provided they could be fc- 
curely depended upon ; but we could wilh to fee fimilar ex- 
periments repeated by other philofophers : not that we wifh 
to undervalue the labours of Mufchenbroeck, to whom the 
arts are much indebted for many valuable deductions, but fo 
much irregularity takes place in experiments of this kind, 
that it is only in a multiplicity of them, complete accuracy, 
or even an approach towards it, is to be obtained. 

The gun-founder might derive confiderable information 
from a well-direCted courfe of experiments of this kind, as 
well as the plumber and engineer : it appears from the above, 
that a mixture of copper, whofe ftrength does not exceed 
37,000 lbs., with tin, whofe ftrength is 6000 lbs., a mixture it 
produced, whofe ftrength is from 60,000 lbs. to 64,000 lbs., at 
the fame time that it is harder, and eafier wrought : and as to 
the objeClion that has been advanced agaiiitl it, of being more 
fufible, we fufpeCl it is nothing more than a falfe idea ari fing 
out of a very common error, that field-ordnance is liable to 
become fufible with rapid firing : we have been informed by 
very experienced artillery officers, that nothing of this kina 
ever happened, the damage which the piece fultains at the 
muzzle being merely due to the rubbing and knocking of the 
ball in its paffage out of the gun. 

Having faid thus much with regard to the direct cohefion 
of metals, we muft now attend to another very important 
fubjed ; viz. the ftrength of timber. 

The cohefion here is probably of a very different kind, and 
fubje&even to more inequalities than that of metals ; much 
depends upon the foil where the tree grows, and a confider- 
able difference is found between different parts of the fame 
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tree ; viz. whether it comes from near the root, or the top, 
or from the middle or fides ; and even whether it grew on 
the north or fouth fide. 

1. The wood immediately furtvmnding the pith or heart of 
a tree, is faid by fome to be the weakeff, particularly if the 
tree is old ; others, efpecially Buffon, affert the contrary ; 
the fa& probably is, that up to a certain age it is flrongeft 
at the heart, but that afterwards thefe parts become weaker, 
or begin firft to feel that decay which ultimately pervades the 
whole. In many experiments which we have made, wc have 
always obfervedthat the heavieft pieces (and there is a very 
confiderable difference in this refpc& in different parts of the 
fame tree) are the ftrongefl ; and, generally fpeaking, the 
part neareft the centre and towards the root has the greateff 
fpecific gravity. 

2 . The wood of the north fide of all trees in our climates 
is faid to be weaker than that of the fouth, and the fouth- 
eafl fide the ftrongefl : we arc, however, much inclined to 
doubt the fad, as it relates to foreft-trees. In trees parti- 
cularly fituated, with regard to expofure on one part more 
than another, fomething of the kind may have place ; but 
trees in a forefl, which experience very little difference in 
this refped, we are inclined to think, from fome obfervations, 
have but little difference of ffrength depending upon their 
northern or foutherri diredion. it is true, generally, that 
that wood is the itrongeft whofe annual plates are thickeff, the 
ligneous fibres being ftronger than the trachea, or air-veflcls ; 
and, therefore, the more of the fibrous parts there are con- 
tained in any given dimenfion, the greater is the ffrength : 
but this is much more obvious in foinc woods than in others, 
and molt of all, perhaps, m afii, in which we have feen a 
very remarkable difference in this refped. In very dole- 
grained wood it is fcarcely perceptible. 

The only author who has enabled us to judge of the accu- 
racy of his experiments is Mufchenbrocck, who has deferibed 
very minutely his apparatus, and his method of performing 
the experiments. The pieces he employed for this purpole 
were parallelepipedons, cut down in the middle to |th of an 
inch fquare, or ,' s th of an inch faction Thefe relults, re- 
duced to the fedion of a fquare inch, are as follow : 


Locuft-tree 





Lb*. 

20,100 

Jujeb 

- 


- 

- 

18,500 

Beech oak 



- 


17,300 

Orange 



- 

- 

I 5»500 

Alder - 



- 

- 

13,900 

Elm 




- 

I3,2CO 

Mulberry 




- 

I 2,500 

Willow - 




- 

12,500 

Afh 




- 

12,000 

Plum - 




- 

I 1,800 

Elder - 




. 

10,000 

Pomegranate 




- 

9*750 

Lemon - 




- 

9,250 

Tamarind 




- 

8 , 73 ° 

Fir 




- 

8 - 33 ° 

Walnut - 

- 



- 

8,130 

Pitch-pine 




- 

7,650 

Quince - 




- 

6,75° 

Cyprefs - 




- 

6,000 

Poplar - 


- 

- 

- 

5,500 

Cedar - 


- 

- 

- 

4,880 


Emerfon, in his Mechanics, gives us alfo a feries of refults, 
but they are unlike the former, as they do not exhibit the 
utmoff ffrength, but what may be fafely fufpended on a 
fquare inch ; yet as we may prefumc that each of thofe 
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weights are in the fame proportion to the greateff ffrength, 
they ought to enable us, in fome meafure, to compare the re- 
lative flrengths of the different woods given by thefe two 


authors. Emerfon’s table is as follows ; viz. 

Lbs . 

Oak, box, yew, plum-tree - 7 850 

Elm, afii, beech 607a 

Walnut, plum ------ 5360 

Red fir, holly, elder, plane, crab - 5000 

Cherry, hazel - 4760 

Alder, alh, birch, willow .... 4290 


With regard to the abfolute refults in thefe two tables, we 
do not, in courfe, loofc for uniformity ; the one exhibiting 
the ultimate ffrength, and the other the weight which a rod 
of an inch fquare may fupport with fafety : but in the rela- 
tive ffrength of the different woods, fome coincidence might 
have been expeded ; we find, however, confiderable dif- 
ference in this refped. The latter author gives us no particu- 
lars, and we are therefore rat her inclined to give the preference 
to the former, who has been very minute in his defeription, as 
well as careful in making the experiments ; yet fome fubfe- 
qnent experirnentaliff s have not been able to find equal 
ffrength : thus M. Petit fays, on the authority of his own 
experiments, and thofe of M. Parent, that the utmoff 
ffrength of a fquare inch of oak does not exceed 8640 lbs. ; 
whereas Mufchenbrocck makes it 17, 300 lbs. ; and we muff 
add, iri confirmation of the former, that in the experiments to 
which we have before adverted, as at this time in progrefs at 
the Royal Military Academy, Woolwich, the ffrength of oak 
has been found but little exceeding 9000 lbs. ; the fpecific 
gravity of it being 774. We have nut this datum in either 
of the above cafes ; yet we conceive it to be a very import- 
ant one, as we have always found the ffrength of wood of 
the fame kind, to depend a great deal upon its weight or 
fpecific gravity. The fame experiments give for the ffrength 
of afh 1 7,000 lb-., and fir from 10,000 lbs. to 13, 000 lbs., both 
confiderably different from Mufchenbrocck^ tabular refultr. 
The pieces from which thefe weights were found were cylin- 
drical, very accurately turned to one-third and one-fourth of 
an inch in diameter ; but to avoid any errors that might have 
place in gauging the diameters, their circumferences were 
taken by winding a fine filk thread ten times round them, 
and then dividing the length of it by 10 for the circum- 
ference. 

On the Ref ijlance of Bodies , when pre/fed longitudinally . — 
It is obvious that a body, when pi died endwile, by 11 iuffi- 
cient force, may be crufhed an.* deffroyed ; and this may 
take place, either by a total reparation of the matter of 
which it is compofed, or by bending it, whereby it is broke 
acrofs : if the length or height of the body is very inconfi- 
derablc with regard to its other dimenfions, the former is the 
almoft certain refill t ; but if its length be much more than 
its breadth and thicknefs, it generally bends before breaking, 
and in this cafe the operation is not very different from what 
takes place in beams fupported at each end, and loaded in 
the middle ; a fubje£t which will be treated of in a fubfe 
quent part of this article. We have fome very intricate 
analytical inveftigations on this iubje& by Euler and La- 
grange. Thefe authors have both treated the problem on 
the principles firft promulgated by James Bernoulli, in his 
inveffigation of the properties of the claffic curve ; but as 
we doubt very much whether they can be applied to any 
ufeful pra&ical operations, wc muff beg. to pals them over 
in this place, by merely referring fuch of our readers who 
are defirous of confulting the inveffigations of thefe two 
very able mathematicians, to the original works. Euler’s 
firlt memok will be found in the appendix toiiis “ Methodus 
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invtniendi lineas curvas maximi et minimi, & c.” 1744. 
A fecond memoir is publifhedin the Berlin Tranfadions for 
1757, and a third in the Ada Petro. 1778* Lagrange's 
papers are given in the Turin Memoirs for 17 70- 1, and in 
the Memoirs of Berlin for 1769. 

As to the experiments that have been made on this kind 
of itrain, there arc few from which much pradical informa- 
tion can be obtained. M. Petit fays, that his experiments, 
and thofe of M. Parent, fhew that the force neceffary for 
crufhing a body is nearly equal to that which will tear it 
afunder. He fays that it requires fomething more than 6olbs. 
on every fquare line of found oak to crufh it. But experi- 
ments made on fuch fmall pieces cannot be depended upon ; 
and when they are made on pieces of greater dimcnfions, the 
weights become fo enormous, ae to render them nearly im- 
pradicable 5 it is therefore fortunate that we have little oc- 
cafion for very accurate information on this head : what it is 
more defirable to be acquainted with is, the refillance which 
a pillar or poll will offer to compreflion before bending, the 
length being taken into confideration ; for it is obvious, both 
from theory, as well as from a pradical view of the fubjed, 
that the length of the beam muff be an important datum in 
this kind of ftrain, although it is not in the former, viz. in 
oppoling being drawn afunder ; it is therefore very defedive 
to ftate the requilitc forces in both cafes to be equal, or in- 
deed to ftate any proportion whatever between them. 

M. Girard, in his «« Trait6 Analytique de la Refiftance 
des Solides,” Paris, 1798, details a great variety of expe- 
riments made on beams of fir and oak of confiderable di- 
menfions, by means of a certain machine conftruded for the 
purpofe. But as thefe experiments were not made fo much 
with a view of breaking the pieces fubmitted to the prelfure, 
as to meal'uring their defledions, and eftimating what the 
author calls, after Euler, their abfolute and relative elaf- 
ticity ; they do not furnifh us with the kind of refults above 
alluded to, as having been attempted by MM. Petit and 
Parent. 

Through the whole courfe of M. Girard’s experiments, 
much irregularity was obferved, fo much, indeed, as to ren- 
der it very doubtful whether any number of experiments 
could furnifh us with certain and conclufive refults ; and if 
experiments fail in this refped, it is wholly ufelefs to look 
to any afliftance from long and laborious analytical invcltiga- 
tionB. The following table contains many of the moll im- 
portant experiments of this author on oak-bcams ; the fi»ft 
column regilters the number of the experiments ; the fecond, 
third, and fourth, the length, depth, thicknefs, and weight 
of the beams ; the fifth and fixth the diltance of the greateff 
defledion from the bottom or foot of the beam ; the former 
in the diredion of the greateff thicknefs or depth 5 and the 
latter in the diredion of the lefs thicknefs or breadth ; the 
fevonth and eighth columns contain the meafure of the greateff 
defledion, or verfedfine of the curve ; the former of the depth, 
and the latter of the breadth 5 the ninth column exhibits the 
weights under which the feveral defledions were obferved, 
and the tenth and laft column the time between the firft 
weight being applied and the obfervation. It Ihould be ob- 
ferved, that M. Girard has given feveral more meatures of 
defledions, weights, 8cc. than we have copied ; we have, in 
all cafes, taken his firft two and laft two, and omitted the 
intermediate ones. 

The experiments marked with the * broke under the laft 
jregiftered weight ; the others did not v and mod of the latter 
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nearly recovered their original form after being unloaded for 
fome hours. The defledions marked + and — are thofe in 
which the beam took a double curvature. 

The other experiments of this author (the details of which 
occupy nearly 50 quarto pages) were made on the tranf- 
verfe ftrain, or rather on the defledion caufed in beams by 
loading them in the centre with different weights, their ex- 
tremities being fupported on two props. 

The oak-beams were the fame which had been fubmitted 
to the longitudinal preffurc, as exhibited in the following 
table, and which were not broken in thofe experiments; 
the third table contains the refults of fimilar experiments on 
fir-beams of larger dimeufions ; and the two fubfequent 
tables, fimilar ones on what the French workmen call bou 
de briny that is, pieces which have been limply fquared from 
the branches, or trunk, correfponding with what our work- 
men call J bars . 

In all thefe cafes, the defledion was found to follow very 
nearly the ratio of the weights with which they were loaded, 
multiplied by the fquare of the length of the piece, and to 
be inverfely as the fquare of the depth into the breadth. 
The fir-beams gave much more uniform refults than thofe of 
oak, which is accounted for from the more regular and 
uniform organization of the former wood. 

M. Girard endeavours to conned the refults with thofe 
on the longitudinal preffure, for which purpofe he gives us 
the following formulas, viz. let f denote half the length of 
a beam, fupported at each end and loaded in the middle, and 
let half that weight be denoted by P, and b the quantity of 
the beam’s defledion ; alfo 7 r the fcmi-circumference of a 
circle, whofe diameter is 1 . then the 


abfolute elajlicity E kh = — j 


P P 
3* ! 


and the weight Q, under which the fame beam will begin 
to curve, when prefled endwife, will be exprefled by 


Q “ 4 /* 5 

or, by fubftituting for E k ky we have 

*•. P./ 


Q - 


12 b 


We cannot, however, fay how far this formula will ap- 
ply, it being very difficult to afeertain the commencement 
of defledion in the adual experiment. 

M. Girard gives us alfo two other formulae, for eftimating 
the defledion of oak and fir beams, when loaded in the mid- 
dle by a weight, and fupported at each end, viz . 

for oak ?/' = ( 1I l 8 445 lU/+_ 0 :l>_^!; 

I# 3 f 

for fir z= (8161128) ah'; 

3 ° 

where P is half the weight, f half the length, b the deflec- 
tion, b the depth of the beam, and a its breadth. 

Thefe apply only to redangular beams $ and, in order 
to render them general, the author ufes the principles of 
Leibnitz, whereby the errors of the latter are conneded with 
them in fuch a manner as to render the formulae entirely 
ufelefs for pradical cafes. 
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Girard’s Experiments on Oak-beams, preffed in the Dire&ion of their Length, 
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Height of DefleAion from 
the Foot in Metres, 

Veiled Sine of gieatdt 
Deflection. 

In the Direc- 
tion of its 
Depth. 

In the Direc- 
tion of its 
Breadth. 

In the Direc- 
tion of its 
Depth. 

In the Direc- 
tion oi its 
Breadth. 


*•5979 0.1285 54*7844 


**5979 0.1624 0.1060 44.0231 


3 *5979 0.1579 0.1015 42.0665 


2.5979 0.1330 0.0992 34.2402 


2.5979 0.1308 0.1060 33.2620 


6 2.2731 0.1556 0.1308 42.5557 


2.2731 0.1579 0.1285 45*9747 


2.273! °-*55 6 °- 10 3 8 35 * 7 C 76 


2.2731 0.1579 0.1015 33.7511 


a.2731 1 0.126a I 0.1015 I 30.3271 


0 0068 
0.0090 
0.0090 
0.0113 

0.0056 
0.0068 
4-0.0068 1 
- 0.0068 j 


0.0068 

0.0090 

0.0090 

0.0045 

0.0079 

0.0135 


0.01T3 0.0079 

0.0180 0.0124 

0.0124 


0.0068 

0.0113 



Weight 

in 

Kilogmm*. 

Time 

. 

in 

lluura. 

17,320 

0.83 

29,691 

2.08 

37 » 4 2 9 

2.9I 

42,418 

9.58 

”>993 

2.05 

25,664 

9.16 

4 2 > 5*4 

10.83 

J 1 1,991 

OO 

d 

28,575 

1 9-58 

31.339 

1 ,0, 4 l 

n ,993 

6.66 

17.341 

8 -33 

22,939 

10.0 

11,996 

6.66 

I 7 » 34 I 

8-33 

22,931 

8.75 

22,939 

6.66 

28,619 

9.58 

39,630 

J 8-33 

5 2 » 2 7 ° 

22.5P 

l W 7 

0.83 

22,934 

2.08 

47>°47 

20.83 

47»032 

f 3-33 

17,320 

12.08 

22,936 

12.91 

28,616 

13-75 

33,!20 

> 3-95 

17,32! 

12.08 

2 2 > 94 ° 

12.58 

28)626 

14.50 

11,999 

IO.CO 

15,025 

12.91 

17,320 

22.91 

20,326 

25.83 
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T ABLE — ttniinutdi 


STRENGTH 



Height of Dtflt£inn from 
the Foot in Metres. 


Verfed Sine of greeted 
Defle&on. 


In tiie Diree- In the Direc- In ihe Direc 
tion pf its tion of its tion ot its 
Depth. Breadth. Depth. 


0.9742 

-0.0045 

0.9742 

- 0.0045 

0.9742 

0.C034 

0.9742 

0.0051 

0.9742 

0.0079 

0.9742 
0.0146 1 

0.0079 

4-0.0068 

1 

0 

b 

0 

to 

00 

0.6495 

0.0045 

0.6495 

0.0062 

0.6495 { 

4 0.0068 
-O.OO23 

0.9742 

0.0045 

0.9742 

0.0045 

1.2989 

0.0113 

0.6495 

0.0056 

0.6495 

0.0051 
4 0.0068 

*•4342 1 

—0.001 1 

0.9742 

0.0045 

0.9742 

0.0056 

0.674* j 

+ 0.0045 
— 0.0011. 

.9742 

—0.0029 

.6495 

- - 

.9742 

0.0056 

.9742 

0.0113 

1.2989 

0.0051 

1.2989 

0.0068 

1.2989 

— 0.0079 

1.2989 

— O.OI46 

- - 

0.0023 

- - 

0.0034 

1.2929 1 

— 0.0023 1 
40*0023] 

- . 

0.0023 

- - 

O.OO23 

1.6237 

4 0.0056 

1.6237 

-0.0226 


In the Direc* 
tion of its 
Breadth. 


O* °99 
O.OC.90 
O.OO90 
O.OIOI 


O.OI46 

O.OO56 

0.0068 


O.OO40 

O.OO45 

0.0090 


O.OO45 

O.OO45 


O.OO56 

O.OO79 


0.0028 

O.OO34 

O.OO45 

O.CO51 

O.OO34 

O.O056 

0.0079 

O.OO79 


O.OO56 


0.0101 

0.0135 


Kilograms. I Hours. 


22,940 

28,622 

3 3>'°S 

22,940 

33^23 

39.637 

17,321 

22,939 

39.456 

".973 

17.274 

28,509 

32,996 

1 7.294 

22,899 

46,952 

11,998 

*7.3*7 

37.273 

11.998 

17.320 

33 . >20 

39.630 

11.999 

I7»32* 

33 . >20 




10.00 

2?>9X 

122.0 

212,0 


X 
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The reader will perceive coniiderable irregularity in many 
of the above experiments, both with regard to the height 
at which the defleAion begins, the quantity of it, and its 
direAion ; being fometimei in the line of the greateil thick, 
nefs, and fometimes in that of the leaft, but more com- 
monly in both. It will alfo be obferved, that fome of the 
beams broke under lefs preliures than others, of the fame 
or lefs dimenfions, bore without any apparent injury. 

We cannot enter here into a farther explanation of the 
experiments, nor (hall wc attempt to illuitrate the theory 
which the author feems defirous of eftablifhing, both be- 
caufe it would carry us beyond our limits, and that, at the 
fame time, we are very doubtful of its accuracy. When 
the only deduAion is a mean drawn from a great variety of 
very irregular refults, it is of little ufe to the praAical en- 
gineer. -He had much better be furniihed with the feveral 
experiments, and thence form his own judgment of what 
dimenfions will beft fuit his purpofe, according to the par- 
ticular objeA he may have in view ; and in this refpeA, viz. 
in the detail of the experiments, rather than in theory de- 
duced from them, we ought to eftimate the value of this 
author’s labours, which have been very great, and are de- 
ferving of high commendation. 

The only experiments, befides the above, that appear 
entitled to any notice, are thofe of M. Ganthey, in the 
fourth volume of Rozier’s Journal de Phyfique. 

This engineer expofed to great preffures fmall re&angular 
parallelepipeds, cut from a great variety of ftones, and 
notdd the weights which crufhed them. The following table 
exhibits the medium refults of many trials, on two very 
uniform kinds of free -ftone, one of them among the hardeft, 
and the other among the fofteft, ufed in building. 

The firft column contains the length, the fecond the 
breadth, and the third the area, of the feAi«n, in lines, or 
twelfths of inches ; the fourth is the weight in ounces which 
crufhed them ; and the fifth the whole numbers, which 
nearly expreifes the number of ounces borne by each fquare 
line. 



bines. 

Lines. 

Sq. lines. 

Or. 


! 

r 


54 

73 6 

12 

Hard ftone. . 


12 

96 

2625 

24 

1 

L 

16 

128 

4496 

36 

| 

9 

l6 

144 

*6o 

4 

Soft ftone. -i 

9 

i 3 

18 

l8 

162 

324 

*48 

2928 

4 - 

9 

1 

. 18 

24 

43 * 

5296 

12 


Very little can be deduced from thefe experiments. The 
firft compared with the third, and the fifth with the fixth, 
fhould furnifh fimilar refults; for the firft and fifth are 
refpeAivcly half of the third and fixth, but the third is 
three times ftronger than the firft, while the fixth is only 
double the ftrength of the fifth. 

It appears, however, that the ftrength increafes fafter 
than the area of the feAion, and that a fquare line can cany 
more and more weight, as it is a part of a larger furface ; 
but in the experiments on the foft ftone, the ftrength feems 
to increafe more nearly in proportion to the furface. 

Thefe experiments are doubtlefs upon too fmall a fcale 
to be of any eilential fervice to the praAical engineer : the 
pieces of ftone ought certainly to have had a fquare inch of 
furface at leaft, and the weight which would have been ne- 
ceflary to crufh them would not have been fo enormous, but 
that fome very fimple mechanical apparatus might have been 
made fufficient for the purpofe ; and if any tolerable uni* 
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formity were obferved in pieces of that fixe, fome ufefut 
conclufions might poftibly be drawn from the experiments. 
But wc think little confidence can be placed in thofe made 
on pieces of fuch fmall dimenfions. According to M. 
Ganthey’s deductions, a pillar of hard ftone of Givry, 
whofe feAion is a fquare foot, will bear with perfect 
fafety 664,000 pounds ; and its extreme ftrength it 

87 1.000 pounds ; and the leaft, as obferved in his experi- 
ments, 460,000 pounds. The foft bed of Givry ftone had 
for its leaft ftrength, on the fame furface, 187,000 pounds; 
for its greateft, 311,000 pounds 5 and for its fafe load, 

249.000 pounds. 

Good brick will carry with fafety 320,000 pounds, on a 
fquare foot ; and chalk, 9000 pounds. 

Befides the above experiments on the force neceffary for 
crufhing ftone pillars, M. Ganthey made others on their 
ftrength of direA cohefion, as well as on the tranfverfe 
itrain. He found that a prifm of hard Givry ftone, of a 
foot feAion, was torn afunder by a weight of 4600 pounds ; 
and that, when firmly fixed in a horizontal wall, it will be 
broken by a weight of 56,000 pounds, fufpended at the 
diftanec of twelve inches from its infertion ; and if it refts 
on two props, a foot diftant from each other, it requires 

206.000 pounds laid on its centre to produce the fraAure. 
We fhall merely obferve, that thefe refults are very incon- 
gruous with each other ; and that fome miitake, or fome 
very unaccountable irregularity, mult have taken place in 
the experiments, that it ihould require fo much more weight, 
aAing at the diftance of a foot, to produce the reparation, 
than when the force aAed at no mechanical advantage what- 
ever, as in the cafe of direA cohefion. 

Very different to the above have been the refult 9 of fuch 
experiments as we have performed on different kinds of 
wood. An oak rod of an inch furface requires a weight 
of about 9000 pounds to produce the fraAure ; while the 
fame, or a fimilar rod, fixed in a wall, and aAed upon at the 
diftance of a foot, is broken with a weight of 132 pounds; 
and fir, which will bear 13,000 pounds on a fquare inch, 
fufpended vertically, is broke with a weight of 1 36 pounds. 
We are aware that, in different materials, a different law 
may be obferved between the ftrength of direA cohefion and 
the refinance of the fame body to a tranfverfe ftrain ; but 
it is abfolutcly impofiible to have the difference dated by 
M. Ganthey. A good courfe of experiments is, therefore, 
much wanted on materials of this kind. 

We ought perhaps to obferve, that we have not had an 
opportunity of consulting the work in which M. Ganthey’s 
experiments were originally given. Our numbers are drawn 
from Dr. Robifon’s account of them, in the work to which 
we have before referred. 

On the tranfverfe Strain and Strength of Beamsy — The 

moft ufual ftrain, and, therefore, the one with which it is 
molt important for us to be well informed, is that by 
which a body is broken acrofs, from the aAion of a weight 
aAing perpendicularly or obliquely to its length, while the 
beam itfelf is fupported at its two extremities, or by one 
end being firmly fixed in a wall, or other folid and im- 
moveable body. Galileo, to whom the phyfical fcicnces 
are fo much indebted, was the firft who conneAed this fub- 
jeA with mathematical principles, and endeavoured to tract 
the law of ftrength which different bodies poffeffed, in pro- 
portion to their length, breadth, depth, form, and pofition. 
It appears that this philofopher was led to thefe inveftiga- 
tions, in confequence of a vifit that he made to the arfenal 
of Venice, and the refults of which were publifhed in his 
Dialogues in 1633 . Galileo fuppofed fiolid bodies to be 
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competed ftf fmali fibre.; applied parallel to each other, and 
fought. n? HI it rued, at firfl, the force with which they re- 
filled thv adlion of a power to Separate them, applied 
parallel to their length ; and thence readily deduced that 
their refinance, in this direction, was diredtly as the area 
of the tranfverfc perpendicular lection, that is, to the num- 
ber of fibre** which compole the body. He then confidered 
in what manner the fame fibres would oppofe a force ap- 
plied perpendicular to their length ; and concluded, that 
when a beam is fixed horizontally in a wall, the refiilancc 
of the integrant fibres is proportional to their fum, mul- 
tiplied into the arm of a lever, which is always a certain 
part of the vertical dimonfion of the folk! in its plane or 
area of fradlure. This g-eneral principle is, in fadl, adopted 
l,y moll writers on this fubjedl ; but that which is peculiar 
to Galileo is, that he fuppofed the refinance of each fibre 
to be the fame, and, therefore, as wholly independent of 
their quantity of exteniion at the moment of rupture. 
Supported on the refult of their reafonings, and guided by 
the genius for obfervation, which he polfelled in an cmincnl 
degree, he illu 11 rated many of the proceedings of nature, 
which the more ancient plnlofophers had left unnoticed ; as 
well as certain anomalies, or which then appeared as fuch, 
in the works of art. To feme of his obfervations on this 
fubjedl we may have occafion to advert, in a fubfequent 
part of this article; but at prefent we (hall confine ourfelves 
to the illnllration of his particular theory. It will be pro- 
per, however, firll to define a few of the terms which more 
commonly occur in the courfeof om invclligations. 

We h avc already explained what is to be underllood by 
the abfohiie llrcngth of a body, or its Hrcngtli of diredl 
cohtlioii ; viz. the number of pounds weight necelTary to 
produce a fradlure of it? pirts, when applied in a dircdlion 
parallel to its length. 

Aud as to the words Jrcngth, Jrrft or Jr am, they are 
ufed, th former to denote the force or power with which 
any rnafs* or body refills a breach or change in its Hate, 
which a preffure or ftroke upon it has a tendency to pro- 
duce ; and the latter arc ufed indifrrmunatcly to ex profs the 
force which is exerted on any fueli mats, and tending to 
break it. Thus, every part of a pillar is equally JlramcJ 
by the load which it fupports ; and hence it is evident that 
we cannot make any llrudlure fit for its purpofc, uulels the 
Jlrniglh, in every part, be at lcail equal to the Jrrfs laid 
on, or the Jl rain excited in that part; and hence the nc- 
cefiity of an acquaintance with the nature of the refill a ncc of 
bodies, in order that we may not have our llrudlure deficient 
in Itivnglh, nor over-burdened with ufelefs mateuals ; which 
latter, carried to cxccfs, may be the caufe of producing the 
mdehief thc*\ were intended to prevent. 

In order to illullratc the theory of refinances of bodies, 
when expofed to a tranfverfc 11 rain, according to the hy- 
pothefis of Galileo, let R 8 T V, ( Plate XXXIX. Mr. 
ehanics,Jg. i.) reprefent a folid wall, or other immoveable 
mafs, into which the beam, C G, is infrrtcd ; and let 
w reprefent a weight fufpended from its other extre- 
mity. Then ftippofing the beam to be infuperably flrong 
in every part, except in the vertical ledlion A BCD, the 
fradlure mull necelfarily take place in this fedlion only, 
and, according to the hypothefis of this author, it will 
turn about the line C D, whereby the fradlure, com- 
mencing in the line A B, will terminate in the former, C D. 
Galileo alfo further fuppofes, that the fibres, forming the 
ieveral horizontal plates or lamina from C D to A B, adl 
with an equal force in refitting the fradlure, and, therefore, 
differ in their energy only as they adl at a greater or lefs 


STRENGTH 

diitancc from the fulcrum CD. Now, from the knows 
principles of the lever, it is obvious that the equal forces 
adling at the fcveral diftances oa, ob, or, od, Icc. of the 
lever or, will offer refinances proportional to their refpedlive 
diftances ; and, therefore, that the fum of all thefe re- 
fiftances, that is, of the conftant force, /, of each particle 
into its refpedlive diftance, is the force which mutt be over- 
come by the weight W, adling at the diitancc o K. 

This will, perhaps, be better underttood by referring to 
Jg . 2, where A C 1 F reprefent a fedlion of the beam C G, 
and r, r r ff , See. are fo many fmall equal weights adling at 
the feveral dillauces C m, C m', C m n 9 &c. ; then denoting 
each of thefe weights by the conttant quantity /, the fum 
of all their energies or refinances will be expreffed by A C 
./ + C »/+ C m'f + C m"f + &c. sr /x (AC + 
C;» -f C m* + Cm" -f &c.) This, however, fuppofes the 
fedlion ACDB (Jg. i.) to be redlangular, or that the 
number of fibres m each horizontal lamina are equal in 
number. When the beam is triangular, cylindrical, or 
having any other than a redlangular fedlion, the feveral 
fmall weights mutt be proportional to the breadth of the 
fedlion at the point where it is fuppofed to adl ; the illuf- 
tratioH, in this calc, hov'cver, is equally obvious. 

Since then the whole refiltauce to fradlure i* made up of 
the fum of the refi fiances of every particle or fibre adling at 
different diftances on the lever C A, which is fuppofed to 
turn upon C as a fulcrum, there mutt necelfarily be fome 
point in that lever, in which, if all the feveral forces were 
united, their re-adlion to the weight W would be exadlly 
the fame as in the adlual operation, and this point is the centro 
of gravity of the febtion, as is readily demon ft rated at follows. 

Let ABC (fig. 3.) reprefent the fedlion of any beam 
whatever, F H any variable abfeifs ~ x, and D E the cor- 
refponding double ordinate = y ; then, by what is Hated 
above, the energy, or force, of all the particles in the line 
D E, will be as I) E x H F, or as xy, and confequently 
the fluxion of that force will be y.r.v, and therefore the 
fum of them = fy , xx, or fluent ok y x x ; alfo fyx = area 
ABC; whence, affuming G to be the centre of energy 
fought, we mutt have F G x fy \ = fy.v.\ y whence 


which is the well-known formula for the centre of gravity. 

Hence refults the following very Ample theory for the 
flrength of beams placed firmly in a folid wall, or other 
immovable body ; viz. that ** the weight neceffary to pro- 
duce the fradlure, is to tlu* diiecl force of cohefion of all 
the fibres in the fedlion, as the diitancc of the centre of 
gravity of that fedlion from the point where the fradlure 
terminates, to the length of the beam, or diltance of the 
weight from the fame point.” 

Nothing more fimplc can be defiled as a general theory, 
bul unfortunately it is founded on hypothecs which have 
nothing equivalent to them in nature : in the firll place, it 
aflumes the beam to be inflexible, and infuperably ftrong, 
except at the fedlion of fradlure ; fecondly, that the fibre* 
are incxtenfiblc and incompreflible ; and thirdly, that the 
beam turns about its lowell point, when fixed at one end, 
or its upper, when fupported at both ; and, confequently, 
that every fibre in the fedlion is exerting its force in refitting 
extenfion ; and, laftly, (if this be not implied in our fecoaa 
objedlion,) that every fibre adls with equal energy, what- 
ever may be its quantity of extenfion. Now, with regard 
to the firft of thefe fuppofitions, it is obvious that no beam 
of timber, nor any other body, is perfectly inflexible ; nor 
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any (and more particularly timber) whofe fibres are not 
both extcnfible and compremble ; and, confequcntly , a beam 
of fuch matter will not turn about its lowed point as a ful- 
crum; and, laftly, the fuppofitiou of every fibre exerting 
a conftant refinance, independently of ita quantity of ex- 
tendon, if it be not incorre&, is of that nature which 
ought not to be aflumed, without fir ft being verified by 
experiment. 

Such being the inaccuracy of Galileo’s hypothefis, it 
neceffarily happened, as foon as it was attempted to com- 
pare it with experiments, (which the author himfelf had 
never done,) that it was found defective. The fir fl, we 
believe, who did this was Mariotte, a member of the French 
Academy in 1680 ; and what he publifhed on the fubjeft 
engaged the attention of many celebrated mathematicians 
of that day, particularly Leibnitz ; who, after examining 
the theory of Galileo, publifhed his own thoughts on the 
fubje&. He had frequently remarked that the rupture of a 
body, whatever it may be, is always preceded by a certain 
degree of inflexion, from which he concluded, contrary to 
the former opinion, that every body was compofed of ex- 
tcnfible fibres, and afTuming the principle firft laid down by 
Dr. Hooke, viz . “ ut tenfio fic vis,” he concluded that 
every fibre, initead of adling with an equal force, exerted a 
power proportional to its quantity of extenfion, or, which 
is the fame, proportional to its diftance from the line about 
which the beam was fuppofed to turn ; but he ftill confidered 
the fibres to be incompreflible, and confequently that the 
beam turned about its lowed point. Thus, to ufe a fimilar 
illuftration in this cafe that we have done in the former ; 
indead of the fra&ure being oppofed by the action of the 
equal weights at r, r\ r ", r ,fl , &c. as in Jig. 2, the re-adlion 
was fuppofed to be equal to the fevcral equally decreafing 
weights r, r\ r n , r"', See. Jig. 4. The only alteration which 
this new fuppofition introduced into the final refults was, 
the removal of the centre of energy, G, to a point nearer or 
farther from the centre of motion, according to the figure 
of the body ; and this new point is found to be diftant from 
that axis , by a quantity equal to the produd of the dijlances of 
the centre of gravity, and centre of oj'cillation of the area of 
fra8ure, from the axis of motion, divided by the depth of the 
feftion. 

For let ABC (Jig* 3.) reprefent the fe&ion of fra&ure 
on any beam ; F H = .r, any variable abicifs ; and DE 
the correlponding double ordinate : alio make C F — d, 
and let fi reprefent the abfolute and ultimate force of a fibre 
at C, in the moment of rupture 5 then, finer the force of 
each fibre is fuppofed to vary as its extenfion, or as its 


didance from F, wc have d : x ::f 


f* 


=z the force of a 


particle at H ; and the number of particles a&ing at this 

fxf 

didance being y, wc fhall have for the fum of the 

forces of all the fibres in the line D E ; but this force, 
ailing upon the lever at the diftance H F, its refidance will 

f x 1 y 

» and hence the fum of all the refidances of every 


fibre in the feftion will he = / . * JL ; now this is to be 

a 

equal to the direft cohcfion of all the fibres a&ing at fome 

required diftance F I ; that is, FI x fyx */= -{- X 

d 


fyx'x % or FI 


* fy> 


d Jyx 


an expreffion which is 


/ v x ’ x 

exactly equivalent to the general expreffion for the 


centre of ofeiilation of a body, multiplied by 


fyxx 

fyxi 


Jl*' 


the 


general expreffion for the centre of gravity, divided by dm 
Hence, as thefe centres are known in mod bodies which 
come under our coniideration in the prefent fnbjedt, it 
will be ufcfui to avail ourfelves of them in determining 
what may properly be called the centre of energy , or centre 
of tenjion . 

This being the cafe, both theories gave the fame refults, 
fo far as related to the comparifon of the drength of fimilar 
beams, but of different dimenfions 5 thus, from both, it was 
fhewn, that beams of the fame depth and breadth were to 
each other, in point of drength, inverfely as the length ; 
that when the length and depth were the fame, the drength 
varied as the breadth ; when the breadth and length were 
the fame, the drength was directly as the fquare of the 
depths ; deductions which have been found to agree very 
nearly with experiment. There were, however, fome ex- 
preflions arifing out of thefe two hypothefes which were 
totally irreconcileable with each other. In the firft place, 
although the proportions were the fame, the ablolute 
ftrength in the one cafe, was to that in the other as 2 to J, 
in rectangular beams ; and in triangular beams, the difagrec- 
ment was ftill more finking : alfo, according to Galileo, 
the ftrength of a triangular beam, with its edge upwards, 
was to the fame with its bafe upwards, as 1 to 2 ; and, ac- 
cording to Leibnitz, as 1 to 3 : whereas, as we have found 
from numerous experiments, it is ftronger in the former 
pofition than in the latter, at lead in woods of fome kinds, 
and probably in all. 

Thefe anomalies led James Bernoulli to inveftigate the 
quedion de novo. This philofopher obferved, that at the 
inftant a body is broken acrofs by a tranfverfe drain, fuch as 
we have all along fuppofed, a part of the fibres is in a 
ftate of extenfion, as aflumed by Leibnitz, and a part m a 
date of comprefiion, a circumflance which had not before 
been introduced into the confideration of the queftion : he 
moreover doubted of the propriety of the principle, ut tenfio 
fic vis , employed by Leibnitz, and made fome experiments, 
whereby he proved that this is not, at lead, a general prin- 
ciple; but the only effedl of his obfervations and experi- 
ments went no farther than proving that Leibnitz’s theory 
was inadmiflible, for he fubdituted no other in its place, 
except fo far as his theory of the eladic curve (a problem 
which grew out of the prefent queftion ) may be confidered 
as applicable to this fubjeft ; had he purfued the idea he 
feems fird to have promulgated, of a part of the fibres 
being comprcffed, and a part in a date of tenfion, and con- 
fequently that the line about which the beam turns is fome- 
where within the area of the feftion of fradlure, we might 
have expected, from his extraordinary talents, a complete 
folution of this very interfiling problem ; indead of which, 
he contented himfelf with dating a few general observations, 
and pointing out the difficulty of the determination of the 
neutral axis, or of that line which fufFers neither comprefiion 
nor extenfion, which is the principal defideratum for eda- 
blifhing a correct theory ; and in that date he left the 
quedion, and in that date it has ever fince remained. 

The only other attempt, that we know of, at edablifhing 
a new theory, is that given by Dr. Robifon, under the 
article Strength , in the Encyclopaedia Br> annica. Thii 
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author hat taken into his confideration the areas of com- 
preflion and of cxtenfion ; but for want of experiments, is 
unable to aflign the pofition of the neutral axis : we fufpeft, 
alfo, an important error in the principle which he has laid 
down, vi%. that notwithstanding the beam really turns about 
what he properly calls a neutral axis, yet that in our invelti- 
gation, we mud compute the effect of the rotation, as if it 
was made about the centre of comprellion. We were much 
ftruck with the Angularity of this affertion, and have, we 
believed, proved its fallacy in various experiments. 

There is no doubt, from various experiments, and par- 
ticularly from thofe of Du Hamel, when a piece of tim- 
ber is fubmitted to the tranlverfe (train we are confider- 
ing, that only a part, and probably but a fmall part, of 
the whole number of fibres, has a tendency to refill the 
frafture by means of their tenfion, while the reft of the fibres 
aft merely from their refiftance to compreflion. Du Hamel 
was, we believe, the firft author who demonftrated the faft 
by experiment. He took fixteen bars of willow, two feet 
long, and half an inch fquare, and fupporting them by props 
tinder their ends, he broke them by weights hung on their 
middle. Four of them broke with the weights 40, 41, 47, 
and 52 pounds, the mean of which is 4^. He then cut four 
others of them through one-third ot their depth on the 
upper fide, and filled up the cut with a thin flip of harder 
wood, (luck in pretty tight. Thefe were broken with 
weights of 48, 54, 52, and 50 poundi, the mean of which is 
51. He then cut four others half through, and thefe 
required 47, 49, £0, and 46 pounds to break them, the 
mean of which is 48 ; the remaining four were cut to two- 
thirds of their depth, and their mean itrength was 42 
pounds. 

In another fet of his experiments we have the following 
refults, viz. 

Six bars of willow 36 inches long, and inch fquare, 
were broken at a medium with *5 25 lbs. 

Six bars cut one-third through, and the faw-cut filled up 
with a Hip of hard wood, and (luck in tight, broke with 
yyi lbs. at a medium. 

Six bars cut half through, and the cut filled up in the 
fame manner, bore 542 lbs. before the frafture ; and 

Six others cut three-fourths through, broke with 530 lbs. 

A batten cut fimilarly to the latter, that is to fay, three- 
fourths through, when nearly broken, being unloaded, and 
a thicker (lip put into the cut, in order to fill up the part 
which had been comprefl’ed, fo as to bring the batten 
ttraight again, but without draining it, bore afterwards 

577 lbp. 

It will be remarked, that in thefe experiments the bars 
appear to have been ftronger after being cut one-third 
through, than when whole ; and even when cut half through, 
they dill bore more than when they were entire. This 
feems to have arifen from the faw-cut being filled up with a 
harder wood, which rendered the beam differ than when in 
its natural (late, by oppofing a greater refill ance to cornpref- 
fion ; and this may account for his beams being nearly as 
ftrong when cut three-fourths through, as when whole, as 
we have reafon to believe, that there are very few woods, 
if any, in which the neutral line lay fo near as within one- 
fourth of the bottom. We have made fimilar experiments 
on fir, and fome other kinds of wood ; and found that three 
beams of fir, 30 inches long, 2 inches deep, and 1 inch 
thick, broke with 882 lbs. 871 lbu. 852 lbs. refpeftively,the 
mean being 864^8. We then cut three other fimilar beams 
five-eighths through, and having filled up the cut with 
flips of pear-tree) found their itrengthi equal to 808 lbs. 
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846 lbs. and 835 lbs. of which the mean is 830 lbs.? thefe 
proved that the neutral line was nearer the bottom than 
three -eighths, becaufe the pear-tree wedges, being fofter 
than the fir, the defleftion of the beams was throughout 
greater, which {hew that they had loft in ftiffnefs by the 
cutting ; whereas Du Hamel's beams had gained ftiffnefii 
from the circum (lance of being filled up with wood harder 
than themfelves : after all, however, this kind of experiment 
is not the bed calculated for detecting the pofition of the 
neutral axis. 

From what has now been dated, it is very obvious, that 
the theories both of Galileo and Leibnitz mud be ex- 
tremely defective, fo far at lead as they propofe them to be 
employed in afeertaining the abfnlute drain that a beam 
will bear, when afted upon tranfverfely by any weight, 
whether as fupported at its ends, or by having one end 
fixed in a wall, as we have hitherto fuppofed. And as to 
the theory which Dr. Robifon has advanced in the place 
above referred to, although it doubtlefs approaches much 
nearer to the truth, it is dill, we conceive, incomplete 5 fird, 
for want of experiments, from which alone the neutral axis 
can be determined ; fecondly, becaufe he has not afiigned 
the law of compreflion and tenfion, which is neceflary for 
determining thole centres in the feftion of frafture ; and 
thirdly, becaufe (as we have before dated) he fuppofes the 
rotation to be made about the centre of compreflion, in* 
dead of its being made about the neutral axis, and aligning 
the whole refiltance to frafture to the extended fibres, 
indead of confidering one half of it as due to compreflion 
and tenfion refpedtively. It is true that this may make no 
difference in the refults, while we confine our inveltigation 
to rectangular beams, but it makes an important difference 
in triangular and other formed beams ; in which cafes, al- 
though it agrees better with experiment than the theories 
of either Galileo or Leibnitz, it is Hill very defedtive, as it 
gives greater flrength to beams of a certain form, and in 
certain pofitions, where experiment Ihevvs them to be the 
weakefl. 

We cannot fubmit any of the formulse of this author to 
computation, as they are merely general fymbols, in which 
the indeterminate letters are to be fupplied by numbers 
drawn from experiments ; but in the two former, the ex- 
preflions are determinate, and they may therefore be fub- 
mitted to calculation, and the refults compared with thofe 
that have been drawn from aftual experiment ; but before 
we proceed to this comparifon, it will be proper to confider 
the relative drains that a beam is (ubjeft to, according to 
the manner in which it is fupported; a confideration that is 
independent of any particular theory of refiftancee, and one 
in which different authors have come to very contradictory 
conclufions. 

1. A beam having one end firmly fixed in a folid wail, 
will bear the lame weight at its extreme end, as if the beam 
paffed through the wall to the fame length, and wa9 loaded 
by an equal weight at its other end ; its bearing in the wall 
being in the latter cafe fuppofed to be reduced theoretically 
to a line, and praftically to fuch a bearing as will not 
damage the beam by cutting it. Fig* 6. 

This will be evident to fuch of our readers who are con- 
verfant with the laws of motion, and who are familiar with 
the idea, that “ aft ion and re-aftion are equal and contrary 
but to others it may not be amifs to offer a few observations, 
by way of illudration. 

Let A P C, and A 1 P C', (Jig. 7.) be two detached levers, 
fupported on the props P, P 5 and let us fuppofe their ends 
at C) C r , to be held towards each other by a rope or cord 
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C C f . Now if we fuppofe the lever A 1 P C' to be fixed 
by any means to the pofition (hewn in the figure, while the 
other lever, A PC, is loaded with the weight W, and free 
to turn about P, the cord or fibre C C* will be ftretched 
exaftly in the fame manner as the fibre at C ( Jig. 6. ) , when 
the beam is fattened folidly in the wall ; and if, in Read of 
fuppofin^ the firft lever, A' P C', to be fixed, we now 
fuppofe it loaded with a weight W' = W, and free to 
turn about P' 5 then the fibre C C f will be in all refpefts 
circumftanced like the fibre at C ( Jig. 6.), when the beam 
is fuppofed to pals through the wall, and a weight W' = W, 
afting in the direftion A' I = A I. 

But it is obvious that in jig. 7. the tenfion of the cord or 
fibre is the fame in both cafes ; the only difference being, 
that the re-aftion of the fixed lever A f P' C f , in the firft 
inftancc, (and which is exaftly equivalent to the force or 
energy of the weight W,) is, in the fecond, fupplied by the 
aftion of an equal weight afting at an equal dill ance P A' ; 
and, confequently, whatever weight afting at the extremity 
is found fufficient to break a beam when firmly fixed in a 
wail, it will require an equal weight hung on at each end of 
a fimilar beam of double length, when refting on a prop in 
the middle, to produce the frafture. 

2. And hence again it follows, that whatever weight will 
be juft fufficient to break a beam when fixed folidly in a 
wall, a double weight will be required afting in the middle 
point, of a fimilar beam, of double length, fupported on 
two props, as in jig . 8 : for it will be exaftly the fame as 
to the mechanical aftion, whether we contider the weight as 
afting at E, and the beam turning about P and P', or whe- 
ther we fuppofe a fulcrum at E, and the beam turning about 
that point by mean6 of weights W f , W 7 ', palling over the 
pullies £ , Q, and each equal to half the centre-weight W, 
and th.’ latter is evidently the fame as the aftion of the 
weightb W, W', Jig. 6, only that they are afting in an 
oppofite di 1 eft ion. 

3. When a beam is loaded on any other point than its 
centre, and having its extremities reft mg on props, the 
ftrain upon it will be as the reftangle of the two unequal 
parts, and therefore the ftrain will be the greateft, or the 
ftrength of the beam the leaft, when the weight afts at its 
centre. 

For let the weight W prefs upon the beam at C {Jig* 9*) 
then is the weight equal to the prefl'urcs upon A and B j 


W x B C 

and the preffure upon A = - , while the preffure 


upon B : 


W x AC 
A B ~ 5 


but the re-aftion of either point of 


fupport is equal to the preffure upon it, and this may be 
confidered as a force afting at the point C, as upon the arm 
of a lever ; fo that the ftrels at C, is as the preflure at either 
point of fupport into its dtftance from C, that is, the preffure 


W x B 
18 A B x 


An WxAC n ... 

A C, or as — - ^ — x B C, which are 


manifeftly equal the one to the other 5 but as W, and A B, 
are given, the ftrels varies as the re£tangle ; or if we fuppofe 
thr ultimate ftrength of fibre the fame, then W will vary 
inverfely as the reftangle 5 and as the reftangle is the greateft 
when the parts are equal, therefore in the fame cafe the 
ftrength of the beam will be the leaft. 

The fame thing will obtain, if the weight be equally 
diffufed through the whole of the beam ; for in this cafe, 
n in the former, the fum of the preffures upon A and B 
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will be equal to the whole weight ; and if w be the weight 
of the part B C, its preffure upon A will be 

and this referred hack to the point C, will give ™ 


X A C for the ftrefs, which therefore varies as the reftangle 
B C x A C, as before. 

4. When a beam is firmly fixed at both ends, as in two 
walls, or otherwife, the weight neceffary to break it will 
be double of that which would produce the frafture if the 
ends were only fupported. 

Let A B C D (Jig. 10. ) reprefent a beam firmly fixed at each 
end, which is to be broke by a weight hanging upon its 
centre-point, as at E. Now, firft let us fuppofe the beam 
cut through at E, fo as to offer no refiftance, and fuppofe 
the weight to be hung on fo as to aft equally upon the 
arms D E, C E, then W muft be equal to double that 
which would break one part, as is obvious ; and this is the 
fame as would break the whole beam, when only fupported 
at its ends by one prop, confequently when the beam is 
whole in the feftion E F, befides the weight W, which 
we have feen is neceffary to overcome the refinances at 
D and C, an equal weight, W, muft be added to overcome 
the equal refiftance in the feftion E F ; therefore the 
whole weight is equal to double that which would break 
the beam when only loofely fupported at its two ends. 

5. When a beam is fixed with one end in a wall, at any 
given oblique angle, the weight neceffary to produce the 
rupture, 13 to the weight which would break the beam, if 
fixed horizontally, as radius to the cofine of the angle. 

Let A B C D (Jig. 11.) reprefent a beam fixed in a 
wall at the angle (hewn in the figure; let D I be the ver- 
tical direftion of the weight, and let this weight be repre- 
fented by the line D I, and refolve this into the two force# 
D B and B I, the former perpendicular, and the other 
parallel to the beam A B ; then it is obvious, that D R 
only will denote that part of the weight which is effeftive 
in producing the frafture, and that a weight which is to W, 
as D B is to D I, would break the beam when placed 
horizontally; therefore converfely, the weight neceffary to 
break the beam in this pofition, is to that which would break 
it when fixed horizontally, as D I to D B ; or as radius to 
the cofine of the angle of inclination of the beam to the 
horizon. 

Molt authors, indeed all we have ever read, make the 
ftrength in this cafe as the fquare of the radius to the fquare 
of the cofine ; becaufe the area of frafture is greater in the 
proportion of radius to cofine, which blended with the 
mechanical effeft of the lever, gives rad. 1 5 cof.* ; but the 
refult of experiment by no means juitifies fuch an hypothefis, 
nor does a phylical confederation of the fubjeft render it 
neceffary, the number of fibres being the fame in both 
cafes. 

We may now bring under one point of view the deduc- 
tions drawn from the preceding propofitions ; via. 

1. The ftrength of a beam fixed with one end in a wall, 
and loaded at the other end, is to the ftrength of a beam of 
the fame length, fupported on two props, and loaded in the 
middle, as 1 to 4; or to a beam of double the length, 
loaded in the middle, as 1 to 2. 

2. The ftrefs upon a beam, arifing from the fame wtight 
placed at different points, is as the reftangle of the two 
parts ; and, therefore, the ftrength of the beam, or its retift- 
ance to frafture, will be inverfely as the fame reftangle; and. 
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<*onfequently, the ft refs is the greateft, or the ftrength the 
lealt, when the load is placed in the centre. 

3. The refiftance to fracture in a beam fupported only at its 
extremes, is to the refiftance of the fame when Jixed at both 
ends, as 1 to 2. 

4. The ftrefs upon a beam, arifing from any oblique 
aCtion upon it, is as that force into the cofine of the angle 5 
or the refiftance will be in this cafe as radius to the coune. 
Thefe refults are all independent of any particular theory 
•f refiftance, or rather, they form a part of every one ; 
but they require certain modifications when applied to the 
determination of the abfolute ftrength of beams. While 
they are merely ufed for afeertaining the proportional 
ftrengths, for the purpofes of building, machinery, &c. 
they may be properly employed in the forms above given ; 
it will be proper, however, to point out a few of the modi- 
fications to which we have alluded, as it will tend to clear up 
fome apparent anomalies which have arifen in the experi- 
ments of M. Buffon, Belidor, Parent, Petit, &c. 

In the firft place, then, it will have been obferved, that 
all our deductions have been made upon the fuppofition, that 
the beam preferves its rectilinear form and original pofition ; 
and no account whatever has been taken of the deflection 
which it experiences from the horizontal or oblique line in 
which it is firft fuppofed to be placed ; nor is it necefl'ary to 
attend to this circumftance while our views are carried no 
farther than determining the proper dimenfions of timbers, 
in buildings, mechanical conftruClions, &c. becaufc thefe 
are never tubmitted to (trains that caufe any important de- 
fleCtions ; but when we attempt to reconcile theory with the 
refult of experiments in which the beams are abfolutely frac- 
tured, we muft no longer omit the introduction of thefe par- 
ticulars into our inveftigations. 

Inftead, therefore, of fuppofing a beam fixed at one end 
in a wall, and loaded at the other, to retain its horizontal 
pofition, as in Jig. 6, we muft confider it a3 being very con- 
iiderably defieCtcd out of that pofition, as in Jig . 1 2 ; and if 
we here, For the fake of perfpicuity, reprefent the refiftance 
of the fibres to fraCture by a weight P, it will be obvious 
that, in order that P and W may be in equilibrio, the weight 
W muft be to the weight P, not (imply in the inverfe ratio 
of the arms A I, A C, but as thefe distances into the fines 
of their refpe&ive angles of directions ; that is, as A I x 

fin. A I I' : A C fin. A C Q :: P : 

* A 1 x fin. A I' I' 


= W (becaufe fin. A C Q = I ) ; whereas our former re. 
A C x P 

fult was — — — — ; the weight therefore required to break 


a beam in this pofition, is greater than what we found it to 
be in the cafe where no defleCtion was confidered, in the 
ratio of the cofine of the angle of defleCtion to radius. 

This is fometimes a very important quantity, as we 
have feen beams of three feet length, and two inches fquare, 
deflected twelve or thirteen inenes, that is to fay, to the 
amount of one-third of their length, or 20° : and the cofine 
of 20° is to radius as 93 to 100. 

The reverfe of this happens when a beam is loaded in the 
middle, and fupported at its extremities on two props ; for 
in this cafe the re-aCtion of the props is not made, as we have 
fuppofed, in a direction oppofite to the vertical aCtion of the 
weight, but perpendicular to the arms of the lever. The 
beam A BCD (Jig. 13* ) 13 therefore kept in equilibrio 
with regard to its ftrain, by the aCtion of three forces, viz. 
the weight W, the quantity and direction of which may be 
denoted by the diagonal S G, viz. the diagonal of the pa- 
rallelogram, of which P S, P S, are two adjacent fides, and 
You XXXIV. 


which equally denote the quantity and direftion of the re- 
aCtion of the props : which will therefore be greater than 
£ W, the quantity we have fuppnfi d in our former inveftiga- 
tion, in the ratio of S P' to S F ; that is, in the ratio of 
radios to the cofine of the angle of defleCtion. 

Hence it appears that when a beam is fixed at one end, 
and the computed weight necefl'ary to break it be W, the 

W 

real weight that muft be employed will be 5 D de- 

noting the angle of defle&ion : but when the beam is fun* 
ported at both ends, and the computed weight W', and tne 
angle of defle&ion D f > then the real weight w 11 be W* 
cof. D'. 

Hence, fuppofing the former beam to h*ve the fame breadth 
and depth, but only half the length of the latter 5 we (hall 
have, according to the preceding theory, W : W' :: 1 : 2, 
whereas, from this mollification of it, the analogy is W : W :: 
1:2 cof. D . cof. D', which (if the beams are fmall in pro- 
portion to their length, as was the cafe with thole of 
M. Parent) is quite (ufficient for reducing the ratio to 2 : 3 
or 4 : 6, as found by that author. 

Again, with regard to abeam having its two ends folidly 
fixed, its ftrength, according to our preceding in ve (liga- 
tion, as compared with an equal beam fupported at both ends, 
is as 2 : 1 ; but this fuppofes the three fraClures to take place 
at the fame time, or that the fame defleCtion that is nec«*fl‘ary 
for producing the fraCture at F (Jig. 10. ) will alfo at the fame 
time caufe the fradure to happep in the two fe&mnt D A, 
C B ; but this, like the preceding, will not apply to »he 
ultimate refult ; as the defleCtion of the half beams A F, B F, 
is found in experiment to be nearly double that of the whole 
beam A B ; and therefore, fuppofing the deflexion to be at 
the weight, as it is in faCt very nearly for a confiderable 
time, it will only require, in addition to the weight that 
would break the beam, when fupported at its ends, fuch a 
weight a6 would produce the defleCtion in the half beams, 
equal to that at which the fupported beam breaks ; that is, 
about half the faid weight ; and, confequently, the ratio of the 
itrength of the fixed beam to that which is merel) fupported, 
inftead of being as 2 to 1, will be reduced to that of 3 to 2, or 
9 to 6, as found in the experiments above referred to, as well 
as in thofe of Belidor, as publifhed by him in his “ Science de® 
Ingemeurs.” M. Parent found that a beam fupported at 
one end only in a wall, and another of double length fup - 
ported at both ends, and an equal beam Jixed at both end!*, 
broke with weights which had very nearly the proportion of 
4, 6, and 9 ; whereas the theory, which takes no account 
of defleCtion, given 4, 8, 16 ; bat what is Rated above, 
(hew» that Parent’s numbers are thofe which ought to be 
found by experiment ; and the fame explanation renders the 
refults in the following table of Belidor alfo perfeCUy recou- 
cileable with each other. 

We have alfo, fince the above was written, made feveral 
experiments of the fame kind, in order to compare the 
ftrength of beams according to the manner in which they 
were fupported or fixed, at one end or both ; and accord** 
ing as they were fixed horizontally, or at different angles of 
inclination ; and in all thofe cafes the refults anfwer very 
nearly to what the preceding theory requires. Thus 2 
beam of fir fix feet long and two inches fquare, fupported 
at each end, broke with 744 lbs. ; and the mean of feveral 
experiments on fimilar pieces of the fame dimenfion fixed at 
each end, require 1 105 lbs. ; and the fragments of the fame 9 
three feet long, broke with one end in a wall, required at 2 
medium 400 lbs. ; the ratio of which numbers are not very 
different from thofe above dated. 

Yy 
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Belidor 9 s Experiments . — ■ Thefe pieces were found even- 

5 rained oak ; the column b contains the breadth, d the 
epth, and / the length, all in inches: p (hews the number 
of pounds which broke them, and m the mean weight, alfo 
in pounds. 


N° 

b 

d 

l 

P 

m 

How fixed. 

I 

I 

I 

18 

400 

4*5 

405 

406 

the ends lying loofe. 

2 

I 

I 

18 

600 

600 

624 

608 

the ends firmly fixed. 

3 

2 

I 

18 

810 

795 

812 

805 

the ends loofe. 

4 

I 

2 

18 

1570 

1580 

1590 

1580 

the ends loofe. 

5 

I 

I 

36 

,85 

*95 

180 

.87 

the ends loofe. 

6 

I 

I 

36 

285 

280 

285 

283 

the ends fixed. 

7 

2 

2 

3 6 

1550 

1620 

* 5 8 5 

*585 

the ends loofe. 

8 

T 3 

1 

*7 

36 

1665 

1675 

1640 

1660 

the ends loofe. 


By a comparifon of thefe refults, we find 

1. From a comparifon of experiments i and 3, that the 
firength is proportional to the breadth. 

2. Experiments 3 and 4 (hew that the Jlrength is propor- 
tional to the fyuarc of the depth . 

3. Experiments 1 and c (hew the Jlrength to be nearly in 
the inverfe ratio of the length. 

4. Experiments 5 and 7 (hew the Jlrength proportional to the 
breadth and fquare of the depth. 

5. Experiments 1 and 7 (hew, by combination, that the 
Jlrength is in the ratio of the area of frail ure into the depth , and 
in the inverfe ratio of the lengths . 

6. Experiments 1 and 2, as alfo 5 and 6, (hew that the 
Jlrength of beams fixed at both ends is to that of thofe which are 
only fupported in the ratio of 3:2. 

ave (hewn that this laft proportion is about what 
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ought to refult from experiments ; although no theory that 
we know of introduces this confideration. 

Another difcrepancy between theory and experiment is, 
where the ftrength ought to be inverfely as the length, 
it (hews itfelf in the above experiments, but is very remark* 
able rn thofe of M. Buffon ; and though our preceding re- 
marks will explain very fatisfaftorily this deviation, we are 
almo(t afraid to offer it as an illuftration ; after feeing it 
treated as an inexplicable paradox by fome writers of the 
firft eminence : Dr. Robifon, for example, fays, “ the engi- 
neer will carefully keep in mind the important faft, that a 
beam of quadruple length, inftcad of having £th of the 
ftrength, has only about ^th ; and the philofopher fhould 
endeavour to difeover the caufe of this diminution, that he 
may give the arhft a more accurate rule of computation.” 

In another place he attempts to account for it from phy- 
fical confiderations, viz. that the trees being ftrongeft at the 
root end : Buffon’s longcft pieces were broke in the weakeft 
part, which however does not appear quite certain, as we 
cannot tell from which end his fhorteit pieces were cut ; 
he alfo thinks, that the curvature being greateft in the 
longer pieces, may alfo be a caufe of the deficiency above 
alluded to. We are not difpofed to deny that thefe may 
both have an influence ; but it certainly appears to us, that 
inftead of looking for a phyfical explanation, what we 
have before remarked with regard to the defleftion is quite 
fufficient to account for the anomaly on pure mathematical 
principles. We have fecn, that if W be the computed 
weight, independent of defleftion, the abfolute weight will 
be W cof. D, D being the angle of defleftion ; and as 
this defleftion, both from theory and praftice, is found to 
increafe as the fquare of the length ; it follows, that when 
the length is quadrupled, the depth of defleftion will be 
fixteen times greater ; that is, the fine of the angle of de- 
fleftion will be fixteen times more in one cafe than in the 
other, while the radius will be only four times longer ; and 
therefore, the angle is in one cafe about four times what it 
is in the other, (fuppofing in a rough way the angle to 
vary as the fine). Conlequently, if W x cof. D is the 
weight which breaks the (horter beam, £ W x cof. 4 D 
ought to be that which breaks the longer one ; and this 
we prefume will nearly, if not entirely, account for the de- 
creafe of ftrength in Buffon’s experiments. We cannot 
perceive but that this reafoning is perfeftly legitimate, yet 
we are aftonifhed that it fhould not have occurred to fo 
keen a mathematician as the one to whom we have alluded, 
or to fome one of the writers on this fubjeft, and on this 
account wc offer it with fome hefitation. 

The following table contains the refult of Buffon’s ex- 
periments, which are by far the moll valuable of any that 
have yet been made, both on account of the number of 
them, and the fize of the beams that were employed. The 
dimenfions are given in metres, and the weigh* s in kilo- 
grams, as reduced by M. Girar,d, except that wc have not 
always retained the fame number of decimals ; thefe may be 
reduced to Englifh meafure by obferving, that 1 metre 
= 3.281 Englifh feet, and 1 kilogram = 2.20652 lbs. 
avoirdupois. 




No. of Ex- 
periments. 
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Table of Buffon*$ Experiments on the Strength of Square Oak-beams, fupported at both Ends. 


Side of the 
Square. 


Length 

of 

the Piece. 


Weight 

of 

the Piece. 


Weight 
which it 
bore before 
it broke. 


Deflexion 

before 

the Fra&ure. 


Time from 
the firft 


Deflexion 



Fra&ure to at the inftant 
the final of Rupture. 
Hupturc. 


Metres. 

0*1 2 17 

0.1758 

0.2164 

0.2976 

0.2029 

02435 

0.1758 

0.1758 

O.1894 

O.2164 

0.0968 

°- 1 353 
0.1239 

0.1623 

0.1443 

°‘i 353 

0.2029 

0.1825 

0.2321 

°*35 x 7 

0.2706 

0 - 35*7 

0.4328 

0.4906 

0.4599 

0.4058 

o*4373 

0-5547 

0.5141 

0.4058 

0.4328 

0.6768 

0.7576 


°-i 353 

0.1127 

0.1398 


Lengthening 
or ftretchmg of 
the Fibre! to 
a Metre in 
Length. 

Mean 

ftrrtchtng of 
the Fibres. 

Meires. 

Metres. 

0.005 


O.OII 


O.OI3 


0.026 


0.009 


0.013 


O.OO5 


O.OO4 


0.004 


0.006 


O.OO3 


0.005 


O.OO4 


0.006 


0.004 


O.OO4 


O.OO7 


0.006 


0.010 


0.016 

O.OO74452 

0.007 


O.OII 


0.013 


0.017 


0.012 


0.009 


O.OO9 


0.014 


0010 


0.005 


0.006 


0.01 1 


0.013 


0.005 


0.011 


0.013 



2 
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it remains now for us to offer a few oblervations with re- 
gard to the relation between the ftrength of diredf cohcfion, 
and the ftrength of beams fubmitted to tranfverfe (trains ; 
but, unfortunately, we have very little on which to reft any 
theory in this refpect. We know of no experiments that 
have yet been made with a view to this determination, ex- 
cept thofe to which we have above referred, as being at 
prefent in progrefs at the Royal Military Academy, and 
thefe are not yet fufficicntly forward to enable us to offer 
any decided theory. 

According to Galileo’s theory, if f denote the ftrength 
of diredf cohefion, that is, the number of pounds ncceflary 
to break a bar of one inch fquare ; a the area, in inches, of 
the fedfcion of fra&ure ; d the depth of its centre of gravity 
from the edge about which the beam is fupppfed to turn ; 
and / the length, alfo in inches ; and W the required weight ; 
then 

1. When the beam is fixed with one end in a wall, 

W - f ~- 

/ ‘ 

2. When the beam is fupported at both ends, then 

W = 4 f (i d 

3. When the beam is fixed at loth ends, 

w - tfii 

1 ’ 

The weight in both the latter cafes being fuppofed to 
reft on the middle of the beam, and in the firft at Us end. 
When the weight adts at any other part of the beam, the 
itrefs varies diredtly as the redlangle of the two parts, or 
the ftrength is inverfely as the fame. 

According to Leibnitz/ s theory, if a is the area, / the 
length in inches, and f the ftrength of direct cohefion in 
pounds, on a fquare inch, as before ; alio D the depth of 
the fedtion of fradfure, A the diftance of its centre of ofcil- 
lation, and d that of its centre of gravity from the point 
about which the beam turns ; then, 

1. When the beam is fi ed at one end , 

w - f aA ' i 
1 D • 

2. When the beam is fupported at both ends, 

w - i/' 1 -- 

/ D ’ 

3. When the beam is fixed at both ends, 

VJ — ^ f a ^ d 

ID ’ 

From thefe general theorems it is ufual to draw a variety 
of corollaries as to the ftrength of beams of different forms, 
and in different pofitions. Thus, from the former, it ap- 
pears that a triangular beam, fixed with one end in a wall, 
with its edge downwards, or fupported at its two. ends, with 
its baft downwards, has double the lireugth of an equal 
beam laid the contrary way, i. e. with its bale down in the 
firft cafe, and upwards in the fecund ; and Leibnitz's for- 
mula makes the ftrength three times as much ; whereas ex- 
periment proves that the beam i*. a-aker in both thefe cafes, 
where, according to their theory, it fhould be io much 
Itronger. 

Similar erroneous conclufions are alfo drawn from thefe 
theorems, with regard to hollow cylinders, not bored 
through the axis, but on one fide of it ; the ftrength, ac- 
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cording to the above, being greatefl when the beam is made 
to turn about the thinneft part : but here, again, experi- 
ment (hews it to be weakeit in that pofition. 

With regard to the hollow cylinder bored through its 
axis, the above theorems, though they are ft ill inaccurate 
with regard to the proportion between the dire& cohefion 
and the tranfverfe flrain, are not much out in refpedt to the 
proportional ftrength, according to the fixe of the bore, 
and the thicknefs of the Tides : in fad, both fete of theo- 
rems give the fame relults, with regard to the propor- 
tional ftrengths, as depending upon the lengths, depths, 
breadths, &c. of the beams, while thefe remain of the fame 
form, and reft in the fame pofition ; it is in the comparison 
of different formed beams with each other, or different 
pofitions of the fame beam, where the defed is the moft 
obvious ; and particularly with regard to all beams , as de- 
pending upon the ftrength of dired cohefion. On this ac- 
count, we fhall difpenle with the corollaries and Jcdudions 
above referred to, as being more likely to miflead than to 
inltrud the engineer, although we thought it right to men- 
tion them ; and if we cannot fupply them with well efta- 
blifhed rubs and formulae, we will at leaft endeavour to 
point out how fuch may be obtained. 

We have already ftated that the beam, itiftead of turning 
about the line CD (fig. 1. }, as fuppofed by Galileo and 
Leibnitz, really turns about a line within the area of frac- 
ture, as (hewn by the fedtion,^. 5; viz. inftead of turn- 
ing about the lower point C, the beam will turn about fome 
other line, reprefented in the figure by n, the iituation of 
which is unknown, but whofe pofition is abfolutely ncceflary 
to be determined, in order to eftablifli a correct theory of 
the ftrength of beams. According to Du Hamel's experi- 
ments on willow, it is at about one-third the depth from A ; 
and thofe that we have made, make it about the fame for 
fir : and though there may be fome difference in this refped, 
in woods of different kinds, it is probably not far from that 
point in any. 

Now all the fibres between n and A are thofe only which 
are in a ftate of tenfion ; the others between n and C being 
in a ftate of compreflion ; while the fibres in the line, of 
which the fedfion is n , will be neither comprrfted nor 
ftretched ; on which account this is commonly called the 
neutral line , or neutral axis. Hence we fee, that in the 
theories of Galileo and Leibnitz, the ftrength of beams as 
deduced from the ftrength of diredt cohefion, mull far ex- 
ceed the real ftrength, not more than one-third of the fibres, 
which they fuppofe, being employed to refift the fradlure 
at leaft by tenfion ; alfo the centre of tenfion being at only 
one-third of the diftance they have aflumed, thefe combined 
would make the real ftrength only one-ninth of the com- 
puted ftrength. But as we may fuppofe that exactly one- 
half of the entire force is employed in producing the com- 
preflion, that is, that the beam turns about that point where 
the refiltance to compreflion is equal to that of tenfion, this 
reduces it to 4^- times ; that 1.;, the computed ftrength 19 
about 4^ times greater than it wouid be, if the neutral line 
were, a*; we have fiippofed, at one-third of the depth from 
the upper furface of the beam. 

This defect is common to both thefe authors, after con- 
ceding to each his own particular law of tenfion ; that is to 
fay, to Galileo, that evtry fibre adts with the fame energy ; v 
and to Leibnitz, that the te’ lion is as the force. But one 
or both of thefe fnppofitions muff be erroneous ; and we 
mult fay, that, independent of experiment?, we fhould cer- 
tainly have been inclined to adopt the latter ; but we are con- 
vinced, from a great multiplicity of relults, that Galileo is 
much nearer, if not exa&ly conformable to the adfual 
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operation. However difficult it, therefore, may be to ac- 
count for this equality in the force of tenfion on phyfical 
principles, we muft adopt it as a faCl deduced from experi- 
ment, and leave to the philofopher the explanation of its 
exiftence. 

Our limits will not admit of reporting here the nature of 
the experiments, nor the calculations founded upon them, 
which led to this determination ; but we hope foon to fee 
them laid before the public in another form. We can only 
give here the refult, which, as far as it is at prefent afeer- 
tained, is as follows : 

The centre of tenfion and centre of comprejfion are nearly or 
exaSly coincident with the centre of gravity ; and the neutral 
Hue, whatever may be the figure of the fetlion , it fo pfited, 
that the redangle of the area of tenfion into the difiance of its 
centre of gravity from the faid line , is to the redangle of the 
area of comprejfion into the di/lance of its centre of gravity 

as i to 3. 

From which theorem, the neutral line for any formed 
beam may be determined, and the abfolutc ftrength may 
then be found as follows, viz. : Let d denote the diltance 
of the centre of tenfion from the neutral line, a the area of 
teniion, and / the length of the beam, all in inches ; D the 
angle of defie&ion, and f the ftrength of direct eohefion 
on a fquare inch ; then, without confidering the iucreafcd 
length of lever, 

I. When the beam is fixed at one end. 


w = 


2 fad 

/T^Td‘ 


3. When the beam is fupported at both ends, 

8 fad 

W = — ■ — X cof. D. 

3. When the beam is fixed at both ends , 

W = — col. D. 

And when the beam is fixed at one end at any angle, 
formula (1) will ftill apply; only incrcafing or dec rea ling 
the angle of deflection by the quantity of the firft angle 
of inclination, according as that inclination is downwards or 
upwards. 

And when the beam is fupported, or fixed, at both ends, 
and either reiling obliquely, or aCted upon by an oblique 
force ; the two latter formulae become, 

4. For the beam fupported at each end, 

TtT 8 / ad cof. D 

w = -V x sr r 
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in which cafes, particularly in long beams, it becomes ait 
important quantity, and muft not be omitted ; and in all 
cafes where it is required, it muft be drawn from fomc 
prior experiment on the fame kind of wood, by means of 
the following theorem, viz . 

Let /, d, and D, reprefent the length, depth, and de- 
flection of any beam ; and / ' and d f the length and depth 
of any other beam, whofe deflection D 1 is required ; then. 


See the fcveral works referred to in the beginning of the 
article, by Bernoulli, Euler, Lagrange, &c. 

We fhall now illuftrate thefe theorems- by a few examples 

Example 1. — The ftrength of direCt eohefion on a fquarr 
inch of iir being 13,000 lbs., required the weight neceflary 
to break a rectangular bar 30 inches long, 2 inches deep, 
and 1 inch in breadth ; when fixed at one end in a wall, 
and the weight aCting at the other ; the deflection, com- 
puted from other experiments, having been found to be 
5 inches. 

Firfiy to find the neutral line : here, fince the feCtion is a 
rectangle, t he centres of tenfion and compreflion are each 
on the centres of their refpective areas ; therefore, call the 
depth of tenfion .v, the depth of compreflion will be 2 — jt, 
which alfo denote thefe areas; and we muft have, there- 
fore, 

x 1 * (2 — x) * 


or 3* 2 = 4 — 4* + x* ; or x* 4- 2 x = 2. 
Whence x = — 1 -f- a / 3 = .732 = a; 

alfo = .366 = d; 


tan. of deflection = — = = .1 6666666. 

3 ° 

Whence the angle D = 9 0 34', and its cofine = .9860 ; 
therefore, by formula 1, 


w = 


2 fad 
iTcoTD 


2 x 13000 x .732 x .^66 
30 x .986 


= 235 lbs. 


Example 2 . — Required the weight that would break the 
fame beam when fupported at each end, rejecting the de- 
flection, which is very inconfiderable. 

By formula 2, 


W = * fa , d - 8 ^ 000 X ™ X - 3 66 = 028 lbs. 

/ 30 ' 


5. For the beam fixed at each end \ 

12 fad cof. D 

w ~ 1 x cof.r 

Where I denotes the angle which the direction of the 
force makes with the direction of the beam. 

Note 1. It (hould be obferved that the preceding theorem, 
for determining the neutral line, is principally drawn from 
experiments on fir-beams. A different ratio than 1 : 3 
may be neceffary in other kinds of wood ; but at prefent 
that ratio has not been found. 

Note 2. The deflection D, as we have before obferved, 
is not a necellary datum in eftimating the ftrength of timber, 
for any practical purpofes of building, &c. : it is merely in- 
troduced in order to reconcile theory with the refult of 
experiments made upoA the abfolute and ultimate ftrength ; 


Example 3. — Required the weight that would break the 
fame beam fixed at each end. 

Rejecting the defleCtion, we have from formula 3, 

w _ \tfad _ 12 xj 3 _coox .73 2 x . 366 _ ? 

l ~ ' ~3cT” ‘ 49 

Note . — Wc have here affumed 13000 for the force of di- 
rect eohefion ; this, however, rather exceeds the greateft 
ftrength of fir, which varies from 10000 to about 13000 lbs. 

Example 4. — Affuming the direCt eohefion at 13C00, and 
the fpecific gravity of fir 720 ; how long muft a beam be 
that is two inches deep, and one inch broad, which, fixed 
with one end in a wall, will juft break with its own weight ? 

Let x be the required length of the beam, in inches ; its 
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. , ^ x x 7 20 9° * 5 * . 

X»e»ght will be i78 f - ounce*, or ^ ^ pounds ; 

and this weight will have the fame efTe& as if it a&ed all at 
one point in the centre of the beam, or at the diftance x . 


Hence, by fubftituting for W in formula i, we have 

_ 2 x 13000 x .732 x .3 66 
96 P ’ 

or 5 x* = 192 x 2 x 13000 x .732 x .3 66 = 133728. 

Whence x = a / inches, or 47 feet* In this 

V J 
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viz. as 3826 to 7071 ; and as 3826 : 7071 :: 4 tons i 7.6 
tons : that is, if the fecond bars broke with 4 tons, the firft 
ought to have taken 7.6 tons to break them ; and it is 
likely that would, if tried, have been the cafe* 

Experiment 3. — Another bar was placed horizontally upon 
two fupporters, exa&ly three feet diftant, which bore 
6 cwt. 3 qrs., or 675 lbs., but broke when a little more ^as 
added. 

Experiment 4 — The fame experiment repeated, with the 
fame refult. 

Experiment 5. — The bearings were 2 feet 6 inches apart 5 
the bar broke with 9 cwt. Three more experiments were 
tried at 3 feet $ the average refult was 6 cwt. 2 qrs* 7] lbs. 

Experiments tried at Colebroke- Dale y on curved Bars of Cqfl- 
Iron . 


cafe, the angle of deflexion is not introduced. 

When the defle&ion is confidered, as it (hould be in this 
cafe, we find it to be from the data of example 1, and the 


theorem for the defleftion, as 30 1 : 5 :: : ~ 


5 *\ 

36OO 


Whence the cofine = ^ / ^1 — andtheabov 

equation becomes 


5 ? 

96 


2 x 13000 x .732 x .3 66 b 



which produces a cubic equation, whence the value of .r may 
be determined. 

It remains now to add a few particulars relative to the 
tranfverfe ftrength of Hones and metals, but our information 
on this head is limited ; very few experiments having yet 
been attempted, except thofe of Mr. Banks on bars of caft- 
iron, and a few made by Dr. Robifon on fmall pieces of 
marble. 

Mr. Banks has, at various times, made many experiments 
on the real and comparative ftrength of oak, fir, and iron. 
He found that the worll or weakeft piece of dry heart of 
oak, 1 inch fquare and 1 foot long, bore 660 lbs., though 
it wa9 much bent, and 2 lbs. more broke it. The ftrongeit 
piece he tried of the fame dimenfions broke with 974 lbs. ; 
the word piece of deal bore 460 lbs. ; but broke with a 
little more. 

With refpeft to cait-iron, he concludes that a bar of the 
wcakell kind, an inch fquare and a foot long, would break 
with 2 190 lbs. 

The following arc fome of the experiments he mentions. 
Sec Banks on Power of Machines. 

Experiment 1. — Two bars of caft-iron, I inch fquare and 
3 feet long, were placed upon a horizontal bar, fo as to 
meet in a cap at the top, from which was fufpended a fcale : 
thefc bars made each an angle of 45° with the bafe-plate, 
and, of confequence, formed an angle of 90° at the top : 
from this cap was fufpended a weight of 7 tons, which was 
left for 16 hours, when the bars were a little bent, but very 
little. 

Experiment 2. — Two bars, of the fame length and thick- 
nefs, were placed in a fimilar manner, making an angle of 22^° 
with the bafe-plate : thefe bore four tons upon the fcale ; a 
little more weight broke one of them, which was obferved 
to be a little crooked when fir ft put up. In this cafe, the 
preifures would be as the lines of the angles of elevation, 


1. Rib 29 feet 3 inches fpan, a fegment of a circle 
3 feet high in the centre; it fupported 99 cwt. 1 qr. 14 lbs. ; 
it funk in the middle 3 £ inches, and role again three-fourths 
when the weights were removed : the fame rib was after- 
wards tried without abutments, and broke with 55 cwt. 
o qr. 14 lbs. 

2. Rib 29 feet 3 inches fpan, a fegment of a circle 3 feet 
high in the centre ; it fupported 100 cwt. 1 qr. 14 lbs., and 
lunk 1 ,V in the middle. The iame rib was afterwards 
tried without abutments, and broke with 64 cwt. 1 qr. 14 lbs. 
The thickncfs of thefe ribs is not fpecified ; but the experi- 
ments prove that each rib exerted little more than half the 
ftrength when the abutments were removed. 

Mr. Banks made fome experiments on the ftrength of caft- 
iron, at Meftrs. Aydon and Ei well’s foundery, Wakefield. 
The iron came from their furnace at Shelf, near Bradford, 
and was caft from the air-furnace ; the bars 1 inch fquare, 
and the props exactly 3 feet diftant ; one yard in length 
weighed exactly 9 lbs., or one was about half an ounce lefs, 
the other a very little more ; they all bent about an inch be- 
fore they broke. 


1. 

2. 

3- 

4 - 
c. 


The firft bar broke with - 963 lbs. 

The fecond bar with - 958 

The third bar with - 994 

A bar made from the cupola 864 


A bar equally thick in the middle, but the*J 
ends formed into a parabolic form, and > 874 
weighing 6 lbs. 30Z. - - -J 


The fame gentleman made many other experiments, and 
concludes* from the whole, that caft-iron is from 3J to 4I 
times ftronger than oak of the fame dimenfions ; and from 
5 to 6 \ times ftronger than deal. 

We fhall only obferve here, that Mr. Banks’s pieces of 
oak exceed very confiderably the fpecimens that we have 
had an opportunity of trying, while his fir falls fomewhat 
fhort of ours. 

It was our intention, in conclufion, to have added a few 
examples illuftrative of the fcveral rules and principles laid 
down in the preceding pages ; and alfo inveltigations rela- 
tive to the form of beams poffefling equal ftrength through- 
out, or beams of equal refiftance ; but as this article has 
already exceeded the ufual limits, we can merely ft ate the 
refults, and mull leave the inveftigation to the reader 5 or 
we may refer him to Gregory’:* Treatife of Mechanics, 
where all thefe fubje&s are inveftigated at length. 

As the ftrefs upon any beam fubmitted to a tranfverfe 
ftrain is direftly as the length, and the ftrength diredly as 
the breadth into the fquare of the depth ; it follows, if the 
fe&ions are fo proportioned to the lengths, that the breadth 
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into the fquare of the depth is always as the length or di(- 
tance from the point where the weight a&s ; that every part 
of the beam will be equally ftrong, in which cafe it is faid 
to be a beam of equal refinance : hence, when a beam is 
fixed with one end in a wall, 

1 . If the breadth is the fame throughout, the lengths muft 
be as the fquare of the depths ; and confequently the vertical 
fides of the beam will be parabolas. 

2. If the depth is the fame throughout, the bteadths muft 
be as the lengths, and the upper ana lower Tides of the beam 
will be triangles. 

3. If the feveral feftions be circles, the cubes of their 
diameters (which is equivalent to the breadth into the fquare 
of the depth) muft be as the lengths ; and the curve will 
be the cubic parabola. 
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4. The Itrongeft beam that can be cut out of any cylin- 
drical beam or tree, is that in which the breadth into the 
fquare of the depth is a maximum ; which will be the cafe 
when the fquares of breadth and depth, and the fquare of 
the cylinder's diameter, are to each other as the numbers z, 
2, and 3. 

As to our fourth head, relative to the wrenching or twill- 
ing of a body, very little that is fatisfaftory can be advanced ; 
according to Mr. Banks, a caft-iron bar an inch fquare, and 
fixed at ore end, will break by the twift when 631 pounds 
are fufpended by a wheel of two feet diameter, and made to 
a6t upon it ; though fome have required more than 1000 lbs. 
in firmlar fituations, to break them by the twift. The 
Itrength to refill the twilling (train is as the cube of like 
lateral dimenfions. 



Sugar 


SUGAR, Sacchakum, a very fweet, agreeable faline 
juice, exprelfed from a kind of canes, or reeds, growing in 
great plenty in the Eatt and Weft Indies. (See Sugar- 
Cane.) Pure fugar is perfeftly tranfparent and colourlefs, 
when cryftallized ; but when granular, of a pure glofs of 
white, foluble in water and alcohol, without fmt-11, and with 
a Amply fweet tafte, having no other flavour. 

It is a queftion not yet decided among botanifts, &c. 
whether the ancient* were acquainted with this cane, and 
whether they knew how to expref* the juice from the 
fame ? What we can gather from the arguments advanced 
on either fide is, that if they knew the cane, and juice, 
they did not know the art of condenfing, hardening, and 
whitening it $ and of confequence, they knew nothing of 
our fugar. 

Some ancient authors, indeed, feem to mention fugar 
under the name of Indian fali ; but they add, that it oozed 
out of the cane itfclf, and there hardened like a gum ; 
and was even friable between the teeth, like our common 
fait ; whereas fugar is expreffed by a machine on purpofe, 
and coagulated by the fire. 

Theirs, Salmafiua (Plinian* Exercit. tom.i. P.716.G.) 
tells us, was cooling and loofening ; whereas ours, the fame 
author aflerts, is hot, and excites thirft. Hence fome have 
imagined, that the ancient and modern fugar plants were 
different : but Matthiolus on Diofcorides, c. 75. makes no 
doubt they were the fame ; and others are even of opinion, 
that ours has a laxative virtue, as well as that of the ancients, 
and that it purges pituita. 

The generality of authors, however, agree, that the an- 
cient fugar was much better than the modern ; as confifting 
of only the fineft and matured parts, which made them- 
felves a pafl'age, and were condeufed in the air. The inter- 
preters of Avicenna and Serapion call fugar, /podium} the 
Pcrfians, tabmr ; and the Indians, mumfa. Salmafius 
(Com. de Sacchar. apud Piin. Exercit. vol. ii. p. 257. 
A.D. 1689) affures us that the Arabs hive ufed the art 
of making lugar, fuch as we now have it, above nine hun- 


dred years. 

Others produce the following verfes of P. Xerentius 
Varro Atacinus, to prove that it was known before Jefus 
Chrift ; 

“ Indica non magna nimis arbore crefcit arundo : 

Illius e lentis premitur radicibui humor, 

Dulcia cui nequeant fucco contendere mclla.” 

Dr. William Douglas, in his Summary, 8 cc. of the firii 
planting of our American fettlements, printed at Bofton 
in 175*1, and reprinted at London in 1755, a ® rm8 > that 
fugar was not known among the ancient Greeks and 
Romans, who ufed only honey for fweeteoing. Paulus 
jEgineta, he fays, a noted compiler of medical hiitory, 
and one of the laft Greek writers on that fubjett, about 
anno 1625, is the firll who cxprefsly mentions fugar: it 
was at firlt called mel arundtnaceum , i. e. reed or cane honey . 
He adds that it came originally from China, by way of 
the Ealt Indies and Arabia, into Europe, and was formerly 
ufed only in fyrups, conferves, and fuch Arabian medicinal 
compofition8. 

Lucan, enumerating the eaftern auxiliaries of Pompey, 
deferibes a people who ufed the cane-juice as a common 
drink. 

“ Qui bibunt tenera dulces ab arundine faeces.” 

Another queftion among the naturalifts is, whether the 
fugar-canea be originally of the Weft Indies, or whether 
they have been tranflated rather from the Eaft ? 

The learned of thefe laft ages have been much divided 
on the point 5 but F, Labat, a Dominican miflionary, 
in a differtation publifhed in 1722, aflerts, that the fugar- 
cane is as natural to America as India ; and that the Spa* 
niards and Portuguefe firtt learned from the Orientals the 
art of exprefiing its juice, boiling it, and reducing it into 
fu^ar* 

fhofe who adopt thk opinion afiert, that the fugar-cane 
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was found growing fpontaneoufly in many parts of the new 
hemifphere, when firft explored Vy the Spanifh invaders. 
In fupport of this opinion, Labat quotes, among other 
authorities, that of Thomas Gage, an Englifhman, who 
went to New Spain in 1625, and who enumerates fugar-cancs 
among the fruits and provifions with which the Charaibcs 
of Guadaloupe fupplied the crew of his fhip. Labat 
further adds, that, befides the evidence of Francis Ximtnes, 
who, in a treatife on American plants, printed at Mexico, 
ailerts that the fugar-canc grows without cultivation, and 
to an extraordinary fize, on the banks of the river Plata, we 
are allured by Jean de Lery, a Proteftant roinifter, who was 
chaplain, in 155 6, to the Dutch garrifon in the fort of 
Coligny, on the river Janeiro, that he himfelf found fugar- 
canes in great abundance in many places on the banks of 
that river, and in iituations never vifited by the Portuguefe. 
Father Hennepen, and other voyagers, bear teftimony, in 
like manner, to the growth of the cane near the mouth of 
the Miflifippi; and Jean de Laet to its fpontaneous pro- 
duction in the ifland of St. Vincent. Hence it is con- 
cluded, that it is not for the plant itfelf, but for the fecret 
of making fugar from it, that the Welt Indians are in- 
debted to the Spaniards and Portuguefe ; and thefe to the 
nations of the Eaft. Thus Labat reafons, and Lafitau is 
of opinion that his reafoning is incontrovertible ; and it is 
alfo greatly confirmed by recent difeoveries ; the fugar- 
canc having been found in many of the iflands of the Pacific 
ocean, by our late illuitrious navigator captain Cook. In 
thefe accounts, fays Mr. B. Edwards, there is no contradic- 
tion. The fugar-cane might have grown fpontaneoufly in 
many parts of the new world ; and Columbus, unapprized 
of the circumllance, might likewife have carried fome of the 
plants to Hifpaniola ; and this molt probably was the fa£t. 

However this be, the induftry with which the Spanilh 
fettlers applied to its cultivation, affords a wonderful con- 
trail to the manners of the prefent inhabitants ; fince it 
appears, by the teftimony of Oviedo, that no lefs than 30 
ingenios, or fugar-mills, were cllablilhed on that ifland fo 
early as the year 1535. 

Other writers, however, have maintained, that it was 
not known in America till the Europeans tranfplanted it 
thither. Its origin appears to have been from the inland 
continent of Afia, very probably as far eaft as China, 
where it ftill greatly abounds. From that continent it was 
fir ft tranfplanted to Cyprus, and thence (according to 
various authors) into Sicily, where confiderable quantities 
of it were produced about the year 1 148, and whither, 
as fome have afl'erted, it wa 9 brought from India by the 
Saracens. Lafitau conje&urcs, that the plant itfelf was 
unknown in Chriftendom, until the time of the Cru fades. 
Its cultivation, and the method of exprefling and purifying 
the juice, as pradifed by the inhabitants of Acra ana 
Tripoli, ar? deferibed by Albertus Aquenfis, .a monkiftt 
writer, who obferves, that the Chriftian foldiers in the 
Holy Land frequently derived refrelhment and fupport, in 
a fcarcity of provifions, by fucking the canes. It flourifhed 
alfo in the Mforea, and in the iflands of Rhodes and Malta, 
and from thence was tranfported into Sicily, but the time 
is not precifely afeertained. Lafitau recites a donation of 
William, the lecond king of Sicily, to the monaftery of 
St. Bennet, of a mill for grinding fugar-canes, with all its 
rights, members, and appurtenances. This happened in 
11 66. From Sicily it was tranfplanted by the Portuguefe 
to Madeira about the year 1420, and from Sicily, or the 
Tout hern coalts of Africa, or, as Herrera, the American 
hiitorian, obferves, from Granada, which derived it from 
Valencia, whither it might have been tranfplanted by the 
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Arabian Moors, it was brought to the Canaries j from the 
Canary ifles to Brafii ; where, indeed, fome luppofe fugar 
was originally and fpontaneoufly produced. Others are 
of opinion, that the Portugtiele, before they dilcovered, or 
at lead planted in Brafii, being in polleffion of the coaft of 
Angola in Africa, firfl tranfplanted the fugar-cane from 
Angola to Brafii. About the year 1506, fugar-canes 
were brought from Brafii and the Canaries, and planted 
in the ifland of Hifpaniola, where many fugar-mills were 
gradually erefted. It appears, however, by the teftimony 
of Peter Martyr, in the third book of his firft Dccad, written 
during Columbus^ fecond expedition, which began in 1493 
and ended in 1495, that the lugar-cane was at that penod 
fufficiently known in Hifpaniola. The fa£t feems to have 
been, that Columbus himfelf carried it thither, among other 
articles and productions which he conveyed from Old Spain, 
and the Canary iflands, where it grew, in his fecond voyage. 
In 1641, fugar-canes were tranfplanted from Brafii to Bar- 
badoes, and thence to our other Weft India ifles : as from 
Brafii they were alfo carried to the Spanilh Weft India ifles, 
and alfo the Spanifh dominions in Mexico, Peru, and Chili ; 
and lailly, to the French, Dutch, and Danilh colonies. 

The boiling and baking of fugars, fays Dr. Heylin in his 
Cofmography, the firft edition of which was printed in 
1624, as it is now ufed, is not above two hundred years 
old ; and the refining of it more new than that, firft found 
out by a Venetian in the days of our forefathers, who got 
one hundred thoufand crowns by the invention. Before 
which art of boiling and refining it, our anceliors made 
ufe of it rough as it came from the canes, but they molt 
commonly ufed honey inftead of it. The firft account we 
have of fugar-refiners in England i* in the year 1659. An- 
derson's Hift. of Com. vol. i. p. 82. 246. 331. 334. vol. ii. 
p. 72 — 105. 

Sugar-CW, in Botany . See Saccharum. 

The root of this plant is jointed like thofe of the other 
forts of canes and reeds, from which arife four, five, or more 
(hoots, according to the age or ftrength of the root : thefe 
grow from eight or ten to twenty feet high, according to 
the richncfs of the ground ; but thofe of middling growth 
are the belt. 

The canes are alfo jointed, and the length a6 well as the 
fize of the joints depend upon the weather and the foil ; at 
each joint are placed leaves, the lower part of which em- 
braces the ftalk or cane to the next joint above their infer- 
tion, before they expand. The firft joint, which comes 
out either at the third, fourth, or fifth month, according 
to tht feafon and foil, always keeps in its firft place near the 
earth ; out of this comes the fecond, and out of the fecond 
a third, &c. each week producing its joint, or very nearly, 
and a correfponding leaf likewile drying and falling off 
nearly every week. 

A cane of thirty-two joints, which is fit to be cut, ha3 
from five to twenty-eight of them which have loft their 
leaves ; the next five or fix ftill have them, in a withered 
ftate, and ready to fall off ; and the remaining joints, fur- 
rounded wilh green leaves, form the head, which is cut off 
after the bit leaf is withered. In a cane, whole length is 
from leven to nine feet, and which grows in a new, or a 
very moiit and favourable foil, the number of ufcful joints 
is between forty and fifty, the firft above the ground gene- 
rally appearing at the end of three months, or, with frequent 
(bowers, a fortnight fooner ; and many canes in fuch a foil 
are found rotten, or almoft dried up, at the end of thirteen 
months : in a good foil, favourably expofcd, well drained, 
and worked for a number of years, canes not Ihorter than 
four feet and a half have thirty-eight or forty joints, the firft 
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joint appearing about the fourth or middle of the third 
month, and many canes that have been cut in fuch a foil at 
the end of fourteen or fifteen months being found rotted or 
dried : in a dry, but good foil, not manured, but well 
worked, and feconded by the feafon, the canes have been 
from three to four feet long, and have had from thirty to 
thirty- four joints 5 the firft joint coming out at the end of 
four or four months and a half ; and canes of this kind have 
been found (landing at the end of fifteen months, but very 
dry, and fometimes a little changed : in a foil which is flill 
drier, and more parched, canes which have been about two 
feet high have had from twenty-four to twenty-eight joints, 
the firft of which appears at the end of the fiftn month, and 
many of thefe canes have been dried at the end of fifteen 
months. From thefe and fimilar obfervations on the growth 
of canes in various kinds of foil, it has been inferred, that 
if there be any in which they can exift till the fifteenth or 
fixteenth month, they never grow to any kind of purpofe 
in any after the thirteenth, or even after the twelfth. A 
deep foil and light land are mod fuitable to the fugar-cane ; 
and the rainy feafon is the proper time for planting it : the 
fooner they are planted after the rains begm to fall, the 
more time they have to get itrength before the dry weather 
fets in. 

If the ground is proper for the fugar-canes, and they are 
planted at a good diltance from each other, and the land is 
carefully managed by changing the crops to other fpecies, 
or allowing a fallow to reft and recover itfelf, the fame 
plantation, fays Mr. Miller, may be continued above twenty 
years without replanting, and produce good crops the whole 
time : whereas in the common method, they are generally 
replanted in fix or feven years, and in fome of the poor land 
they are continued but two or three years. * The canes are 
propagated by cuttings or joints of proper lengths, from 
fifteen to twenty inches, in proportion to the nearnefs of the 
joints; which are generally taken from the tops of the 
canes, juft below the leaves : but Mr. Miller fays, that if 
they were chofen from the lower part, where they are lefa 
fucculent and better ripened, they would not produce canes 
fo luxuriant, but their juice would be lefs crude, and con- 
tain a greater quantity of falts, which would be obtained 
by lefs boiling than that of thofe commonly planted. How- 
ever, Mr. Cazaud, a late writer, and a planter of fugar- 
canes, obferves, that the upper part, commonly called the 
head, is the bed part that can be ufed for propagating 
them ; and he recommends to put the plant in the groilnd 
as foon as it is cut. The diftance which the canes are 
ufually allowed in planting is from three to four feet, row 
from row ; and the hills are about two feet afunder in the 
rows, in each of which hills they plant from four to feven 
or eight cuttings: inftead of which number, produ&ive 
often of blights, Mr. Miller is of opinion, that if one good 
cutting were planted in each hill, or two at moft ; and if 
both fucceeded, the weakeft were drawn out foon after they 
had taken, blights would be prevented, and the quantity of 
fugar would be full as great, and require little more than a 
fourth part of the fuel to boil it. In the proper feafon for 
planting, the ground (hould be marked out by a line, that 
the rows of canes may be ftraight and at equal dittances ; 
and the whole (hould be divided into pieces of fixty or Se- 
venty feet broad, leaving intervals between each of about 
twenty feet, for the convenience of p&ffage, and for the ad- 
miflion of the fun and air between the canes. 

The common method of planting the canes now pra&ifed, 
» to make a trench with the hoe, which is performed by 
the hand ; into this a negro drops the number of cuttings 
intended to be planted, which are planted by other negroes, 


SUGAR 

and the earth drawn about the hills with the hoe, all which 
is performed by the hand : but if the right ufe of the 
plough was introduced, the work would be both better and 
cheaper performed. If, therefore, inftead of a trench 
drawn by the hoe, a deep furrow is made with a plough, 
and the cuttings properly planted therein, the ground being 
deeper ftirred, will be more favourable to the growth of 
the canes. 

If the ground is afterward to be kept clear by the horfe- 
hoe, the rows of canes (hould be five feet afunder, and the 
hills be two feet and a half diftant ; and but one cane left in 
each hill. After they have made fome (hoots, the fooner 
the horfe-hoe is ufed, the more they will thrive, by keep- 
ing the weeds under, and well ftirring the land. 

When the canes are from feven to ten feet high, and of 
proportionable fize, the (kin fmooth, dry, and brittle; if 
they are heavy, their pith grey or inclinable to brown, 
the juice Iweet and glutinous; they are efteemed in per- 
fection. 

Mr. Cazaud obferves, that the withering and fall of a 
leat is the only and a fuflicient criterion of the maturity of 
the joint to which it adhered ; and that the eight laft joints 
of two canes, which are cut the fame day, have exa&Iy the 
fame age and the fame degree of ripenefs, notwithftanding 
one of the canes may be fifteen, and the other only ten 
months old : to which purpofe he adds, that each joint of 
the cane of a fuppofed growth of ten months, contained the 
fame quantity of (ugar as that of a cane of the fuppofed 
growth of fifteen. 

The time for cutting them is ufually after twelve or fif- 
teen months growth, but this varies according to the foil 
and the leafon. Thofe which are cut toward the end of the 
dry feafon, before the rains begin to fall, produce better 
fugar than thofe cut in the rainy feafon s when they are 
more replete with watery juice, and require a greater ex- 
pence of fuel to boil it. 

In thofe plantations where the number of negroes is 
fmall, fugar is made in almoft all fealons indifferently, and 
confequently the canes are planted when the planter is belt 
prepared for his work, rather than at the moft advantageous 
time. The fyftem of cultivation among planters, who are 
better fupplied in refpe& of labourers, confifis in planting a 
fourth or a fifth of their lard in O&ober, November, and 
December ; in digging very deep trenches, for the greater 
nouriftiment of the root ; in planting at great diftances, for 
the benefit of a freer circulation of the air ; and in cutting 
the canes in the four fineft months, viz. February, March, 
April, and May, becaufe the fugar 13 then the fineft, the 
canes are cut with the leaft trouble, and fupply (as is fup- 
pofed) greater quantities of it. Thofe who adopt this me- 
thod, cut about three- fourths of their plantations, the 
remaining being made up of young canes, to be cut the fol- 
lowing year, and for new plants. 

Mr. Cazaud, who has made many judicious obfervations 
and experiments on the cultivation or the fugar-cane, has 
adopted a new method. He employs the whole of the firft 
fix months of the year in the bufinefs of the crop, and in 
May and June plants the canes which have been cut in 
January. This of covarfe induces a neceflity of cutting the 
rattoons (or the canes proceeding from the old dumps) at 
the end of the eleventh inftead of the end of the twelfth 
month, and the planted canes, which (hould (land fifteen 
months, at the end of the year ; fo that the whole planta- 
tion is cut every year ; and he only plants a fixth part of 
his land every year. He has largely illuftrated the reafont 
and advantages of this method ; the fundamental principle 
of which is the neceflity of planting the canes in the only 
4 
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feafon fitted to acftelerate and preferve them : as in the 
Windward ifland6, the weather is eommonly dry from the 
15th of February to the 15th of May, and the rains are mo- 
derate till Auguft, and copious the two or three following 
months, and afterwards decreafe till February : and, there- 
fore, the progreffion of the rain keeps pace, as it were, with 
that of tne canes, when they are planted in May. With 
regard to the maturity of the cane, as far as it is of confe- 
quence to the fugar, this, he fays, does not depend on the 
age, but on the leafon. In February, March, and April, 
au the canes, whatever be their age, are as ripe as the na- 
ture of the foil ever allows them to be ; and accordingly he 
never fails to make the greateft part of his fugar at this 
feafon. He obferves, that the drynefs of the weather, (and 
not the age of the canes,) which increafes from January to 
April, is the caufe, that in January four hundred gallons 
of juice commonly yield forty-eight gallons of fugar and 
melaffes one with another; in February, from fifty-fix to 
fixty-four ; in March, from fixty-four to feventy-two ; in 
April, fometimes eighty ; after which period the fugar fer- 
ments, and even burns when the refiner is not very expert 
at his bufinefs. The greateft relative maturity of his canes 
he infers to be, when tne juice of them was made up of four 
parts water, and one part of fugar and meiafles : and in 
Canes perfe&ly ripe, the quantity of fugar, he fays, is equal 
to that of the meiafles. After a trial of this plan for five 
years, he is convinced that there is a difference of above one- 
fixth in its favour. Miller’s Gard. Did. Phil. Tranf. 
vol. Ixix. part 1. art. xix. p. 207, &c. 

The bed foil, according to Mr. Edwards, which he has 
feen or heard of, for the produ&ion of fugar of the fineft 
quality, and in the largeft proportion, is the afhy loam of 
St. Chriftopher’s. Next to that is the foil, which in Ja- 
maica is called the brick-mould, containing a due mixture 
of clay and fand. Plant-canes in this foil ( which are thofe 
of the firft growth) have been known, in very fine feafons, 
to yield two tons and a half of fugar per acre. After this 
may be reckoned the black mould of feveral varieties. 
The bed is the deep black earth of Barbadoe9, Antigua, 
and fome other of the Windward ifland^ ; but there is a 
fpecics of this mould in Jamaica, that is little if at all in- 
ferior to it, which abounds with lime-ftone and flint, on a 
fubftratum of foapy marie. We (hall not enumerate the 
varieties of foil proper for this kind of culture ; but con- 
tent ourfelves with mentioning a peculiar iort of land on the 
north fide of Jamaica, chiefly in the parifli of Trelawney, 
ab few foils produce finer fugars, or fuch as anfwer fo well 
in the pan, or which yield a greater return of refined fugar. 
This land is of a red colour, varying by different (hades ; 
but every where remarkable, when firft turned up, for a 
gloffy or (hining furface, and, if wetted, for ftaining the 
lingers like paint. This foil feems to confift of a native 
earth, or pure loam, with a mixture of clay and fand. It 
is eafily wrought, and at the fame time fo tenacious, that a 
pond dug in this foil in a proper fituation, with no other 
bottom than its own natural texture, holds water like the 
ftiffeti clay. The fyftem of hufbandry in fugar plantations, 
which abound with this, chiefly depends on what are called 
rattoon-canes. 

In moft parts of the Weft Indies, it is ulual to hole and 
plant a certain proportion of the cane-land (commonly one- 
third), in annual lucceffion. The common yielding of this 
land, on an average, is feven hog(heads of 16 cwt. to ten 
acres, which are cut annually. In the cultivation of other 
lands, efpecially in Jamaica, the plough has been introduced 
of late years, and in fome few cafes to great advantage ; but 
the ufe of the plough is not adapted to every foil or fitua* 
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tion. The only advantageous fyftem of ploughing in the 
Weft Indies is to confine it to the Ample operation of holing, 
which is much more eafily and expeditioufly performed hr 
the plough than by the hoe, and which affords, in the cafe 
of ftiff and dry foils, great relief to the negroes. The 
method of holing has bfeen already deferibed. The proper 
feafon, generally fpeaking, for planting, is in the interval 
between Auguft and the beginning of November. By 
having the advantage of the autumnal feafon, the young 
canes become fufficiently luxuriant to (hade the ground be- 
fore the dry weather fets in : thus the roots arc Kept cool, 
and the earth moift. By thefe means, they are ripe for the 
mill in the beginning of the fecond year, fo as to enable the 
overfeer or manager to fini(h his crop by the latter end of 
May. It has been juftly remarked, that there is not a 
greater error in the fyftem of planting, than to make fugar, 
or plant canee, in improper feafons of the year 5 for by mif- 
management of this kind, every fucceeding crop is put out 
of regular order. However, neither prudence in the ma- 
nagement, nor favourable foils, nor fcaionablc weather, will 
exempt the planter at all times from misfortune in the cul- 
ture of his fugar- canes. They are fubjeft to a difeaie 
called the “ blaft,” which confifts of many myriads of little 
infeda of the aphis genus, faid to be invifible to the un- 
aflifted eye, whofe proper food is the juice of the cane ; in 
purfuit of which they wound the tender blades, and deftroy 
the veffels. The circulation is thus impeded, and the growth 
of the plant is checked, until it withers or dies in proportion 
to the degree of the ravage. In fome of the Windward 
i (lands, the cane in dry weather is liable to be deftroyed by 
a fpecies of grub, called the “ borer ” In Tobago they 
have another deftrudive infed, called the “ jumper-fly ” 
It ia faid that the “ blaft” never attacks thofe plantations, 
where colonies have been introduced of the little animal, 
called the carnivorous ant; the “formica omnivora” of 
Linnaeus, and the « Raffles” ant of Jamaica. 

The manure generally ufed in fu gar-planting is a compoft 
formed of the coal and vegetable afhes, drawn from the fires 
of the boiling and ftill-houfes ; feculencies difeharged from 
the ftill-houfe, mixed with rubbifh of buildings, white 
lime, &c. ; refufc, or field-tra(h, u e. the decayed leaves 
and items of the canes, fo called in contradiftindion to 
cane-iralh ufed for fuel ; dung, obtained from the horfe and 
mule (tables, and from cattle-pens ; and good mould, col- 
leded from gullies, or other wade places, and thrown into 
the cattle-pens. 

When the rattoons or canes are ripe, as they ordinarily 
are in twelve or fifteen months, or, as Mr. Cazaud appre- 
hends, in eleven or twelve months, they are cut, and carried 
in bundles to the mills. The mills confift of three wooden 
rollers, covered with (teel or iron plates; and have their 
motion either from the water, the wind, cattle, or even the 
hands of Haves. Thefe rollers or cylinders are from 30 to 
40 inches in length, and from 20 to 25 inches in diameter ; 
and the middle one, to which the moving power is applied, 
turns the other two by means of cogs. Between thefe 
rollers the canes, being previoufly cut, are twice compreffed 5 
for having paffed the firft and fecond rollers, they are turned 
round the middle one by a circular piece of frame-work, or 
ferew, called in Jamaica the «« dumb-returner,” and forced 
back through the fecond and third ; an operation which 
fqueezes them completely dry, and fometimes even reduces 
them to powder. (For a farther account of fugar-milla, fee 
the fequel of this article.) The juice from the mill ordinarily 
contains eight parts of pure water, one part of fugar, and one 
part made of grofs oil and mucilaginous gum, with a por- 
tion of effentiju oil. Some juice, however, has been fo rich 
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as to make a hogihead ( 1 6 cwt.) of fugar from 1 300 gallons ; 
and fome fo watery as to require more than double that 
quantity. A pound of fugar from a gallon of raw liquor is 
reckoned, in Jamaica, very good yielding. 

Sugar, Preparation of. The juice or liquor runs from 
the receiver to the boihng-houfe, along a wooden gutter 
lined with lead. In the boiling-houfe it is received (ac- 
cording to the modern improved fyftem, which almoft uni- 
verfally prevails in Jamaica) into one of the copper pans 
or cauldrons, called clarifiers. Of thefe, there are com- 
monly three ; and their dimenfions are generally determined 
by the power of fupplying them with liquor. There are 
water-mills that will grind, with great eafe, canes fufficient 
for thirty hogfheads of fugar in a week. On plantations 
thus happily provided, the means of quick boiling are mdif- 
penfably requifite, or the cane-liquor will unavoidably be- 
come tainted before it can he expofed to the fire. The 
pureft cane-juice will not remain twenty minutes in the re- 
ceiver without fermenting. As cane-juice is fo very liable 
to fermentation, it is neceffary alfo that the canes Ihould be 
ground as foon as poffible after they are cut, and great care 
taken to keep and throw afide thofc whicli are tainted, 
which may afterwards be ground for the ft ill-houfc. Cla- 
rifiers, therefore, are fometiines feen of one thoufand gallons 
each. On eftates that make on a medium, during crop- 
time, from fifteen to twenty hogfheads of fugar a week, 
three clarifiers of three or four hundred gallons each are 
fufficient. With pans of this fize, the liquor, when cla- 
rified, may be drawn off at once ; and there is leifure to 
cleanfe the veffels every time they are ufed. Each clarifier 
is provided either with a fiphon or cock for drawing off 
the liquor. It has a fiat bottom, and is hung to a feparate 
fire, each chimney having an iron Aider, which being fhut, 
the fire goes out for want of air. Thefe circumftances are 
indifpeniable, and the advantages of them will prefently be 
Ihewn. The clarifiers are commonly placed in the middle 
or at one end of the boiling-houfe. If at one end, the boiler 
called the “ teache” is placed at the other, and feveral boilers 
(generally three) are ranged between them. The teache 
is ordinarily from 70 to 100 gallons, and the boilers be- 
tween the clarifiers and teache diminifh in fize from the firff 
to the laft. Where the clarifiers are in the middle, there is 
ufually a fet of three boilers on each fide, which conffitute 
in effe& a double boiling-houfe. On very large eftates, this 
arrangement is found ufeful and neceffary. The objection 
to fo great a number is the expence of fuel ; to obviate 
which, in fome degree, the three boilers on each fide of the 
clarifiers are commonly hung to one fire. 

The ftream then from the receiver having filled the cla- 
rifier with frefh liquor, and the fire being lighted, the 
“ temper,” which is commonly Briftol white-lime in pow- 
der, is fiirred into it. One great intention of this is to 
neutralize the fuperabundant acid, to get properly rid 
of which, is the great difficulty in fugar-making. This 
is generally effected by the alkali or lime ; part of which, 
at the fame time, becomes the bafis of the fugar. The 
quantity neceffary for this purpofe muff, of courfe, vary 
with the quality both of the lime and of the cane-liquor. 
Some planters allow a pint of Briftol lime to every hundred 
gallons of liquor ; but this proportion is, Mr. Edwards be- 
lieves, generally found too large. The lime is perceptible 
in the fugar, both to the fmell and tafte, and precipitates 
in the copper pans a black infoluble calx, which fporches 
the bottom of the veffels, and is not detached without dif- 
ficulty. Mr. Edwards is of opinion, therefore, that little 
more than half the quantity mentioned above is a better 
medium proportion ; and, in order that lefs of it may be 
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precipitated to the bottom, an inconveniency attending the 
ufe of dry lime, Mr. Eoufie’s method of diffolving it in 
boiling water, previous to mixing it with the cane-juice f 
appears to him to be highly judicious. In fome parts ot 
Jamaica, where the cane-liquor was exceedingly rich, Mr 
Boufie made very good fugar without a particle of temper. 
Too much temper is perceptible in the fugar, both to the 
fmell and tafte : it might be added, and alfo to the Jtghi . It 
tinges the liquor firff yellow, and, if in excefs, turns it to 
a dark red. Too much temper likewife prevents the me- 
lafies from feparating from the fugar, when it is potted or 
put into the kogfhead. 

As the fire increafes in force, and the liquor grows hot, 
a feum is thrown up, which is formed of the mucilage or 
gummy matter of the cane, with fome of the oil, and fuch 
impurities as the mucilage is capable of entangling. The 
heat is now fullered gradually to increafe, until it rifes to 
within a few degrees of the heat of boiling water. The 
liquor muff by no means be fuffered to boil : it is known to 
be fufficiently heated, when the feum begins to rife into 
bliilers, which break into white froth, and appear in general 
in about forty minutes. The damper is then applied, and 
the tire extinguifhed ; after which, the liquor is fuffered to 
remain a full hour, -if circumftances will permit, undiiturbed. 
During this interval, great part of the feculencies and im- 
purities will attradl each other, and rife in the feum. The 
liquor is now carefully drawn off, either by a fiphon, which 
draws up a pure defecated ftream through the feum, or by 
means of a cock at the bottom. In either cafe, the feum 
links down unbroken as the liquor flows, its tenacity pre- 
venting any admixture. The liquor is received into a 
gutter or channel, which conveys it to the evaporating 
boiler, commonly called the “ grand copper 5” and, if ori- 
ginally produced from good and untainted canes, will now 
appear almoit, if not perfeftly, tranfparent. The merit of 
introducing into Jamaica the clarifiers at prefent in ufe with 
fiphons and dampers, was claimed by Mr. Samuel Sainthill; 
and an exclulive patent, to fecure his claim, was granted to 
him in 1778, by an a& of the affembly. 

The advantage of clarifying the liquor in this manner, 
in (lead of forcing an immediate ebullition, as pradiiied for- 
merly, is vifible to the molt inattentive observer. The 
labour which it faves in feumming is wonderful. Neither 
can feumming properly cleanfe the fubjeft ; for when the 
liquor boils violently, the whole body of it circulates with 
fuch rapidity, as to carry down again the very impurities 
that had come up to the lurface, and which with a lei's vio- 
lent heat would have {laid there. 

In the grand or evaporating copper, which Ihould be 
large enough to receive the net contents of one of the cla- 
rifiers, the liquor is fulfered to boil ; and as the feum rifes, 
it is continually taken off by large feummers, until the 
liquor grows finer and fomewhat thicker. This labour is 
continued until, from the feumming and evaporation, the 
fubje£t is fufficiently reduced in quantity to be contained in 
the next or fecond copper, into which it is then laded. The 
liquor is now nearly of the colour of Madeira wine. In the 
fecond copper the boiling and feumming are continued ; and 
if the fubjedl is not fo clean as is expe&ed, lime-water is 
thrown into it. This addition is intended not merely to 
give more temper, but alfo to dilute the liquor, which fome- 
times thickens too faff to permit the feculencies to run to- 
gether, and rife in the feum. Liquor ju faid to have a good 
appearance in the fecond copper, when the froth in boiling 
arifes in large bubbles, and is but little difcoloured. When, 
from fuch feumming and evaporation, the liquor is again 
Sufficiently reduced to be contained in the third copper, ii 
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is laded into it, and fo on to the laft copper, which is called 
the “ tcache,” probably from the practice of trying by the 
touch. This arrangement fuppofes four boilers or coppers, 
cxcTufive of the three clarifiers. 

In the tcache the lubirrt is itill farther evaporated, till it 
is judged fuflicieutly boiled to be removed from the fire. 
This operation is ufually called “ finking,” /. r. lading the 
liquor, now exceedingly thick, into the cooler. 

The cooler, of which there are commonly fix, is a (hallow 
wooden veffel, about eleven inches deep, feven feet in length, 
and from five to fix feet wid.\ A cooler of this fize holds 
a hogfhead of fugar. Here the fugar grains ; /. e. as it 
cools** it runs into a coaric irregular mala of impeded femi- 
formed cryftals, feparating itfelf from the melafTes. From 
the cooler it is earned to the curing-houfc, where the me* 
lalles drai.i from it. It may be proper in this place to ob- 
ferve, that, in order to obtain a large-grained fugar. it mull 
be fufFered to cool (lowly and gradually. If the coolers are 
too ih alhnv* the grain is injured in a furpriftng manner. 
Any perfon may be convinced of this, by pouring fome of 
the hot fyrup, when fit for linking, into a pewter plate : he 
will immediately find if will have a very fmall grain. 

But* before we follow it into the curing-houfc* it may be 
proper to notice the rule for judging when the fubjed is fuf- 
ficiently evaporated for “ {hiking, ■ ” or become fit for being 
laded from the teach? to the cooler. Many of the negro 
boilers guffs folely by the eve, (which by long habit they 
do with great accuracy,) judging by the appearance of the 
grain on the back of the ladle ; but the practice mod in ufe 
is to judge by what is called “ the touch /. e . taking up 
with the thumb a fmall portion of the hot liquor from the 
ladle ; and, as thg heat diminifhcs, drawing with the fore- 
finger the liquid into a thread. This thread will fuddenly 
break, and fhrink from the thumb to the fu fpended finger, 
in different lengths, according as the liquor is more or lefs 
boiled. The proper boiling height for ftrong mufeovado 
fugar is generally determined by a thread of a quarter of an 
inch long. It is evident, that certainty in this experiment 
can he attained only by long habit ; and that no verbal pro- 
cept< will furnifh any degree of fkili in a matter depending 
wholly on conit ant practice. 

A method more certain and fcientific was recommended 
fome years ago, by John Proculus Baker, cfq., barrifter at 
law, m the iuand of Jamaica, in a treatifr publifhed by him 
in I 775 > entitled “ An Eflay on the Art of making Muf- 
eovado Sugar/ 9 It is as follows : “ Provide a fmall thin 
pane of clear crown glals, fet in a frame, which I would 
call a * tryer on this drop two or three drops of the 
fubjed, one on the other, and carry your tryer out of the 
boiling-houfe into the air. Oblerve your fubjed, and more 
particularly whether it grains freely, and whether a fmall 
edge of melafTes feparates at the bottom. 1 am well fati^. 
fied that a little experience will enable you to judge what 
appearance the whole fkip will put cm, when cold, by this 
fpeeimen, which is rJfo cold. This method is tiled by 
clu mifts, to try evaporated iolutions of all other falts ; it 
may feem, therefore, fome what ilrange, it has not been long 
adopted in the boillng-houfe. ,, 

Th“ prefen t improved fyftem of clarifying the cane- 
liquor, bv means of veffels hung to feparate fires, and pro- 
vided with dampers to prevent ebullition* was firil fuggelted, 
fays Mr. Edwards* to Mr. Sam thill, (who three years 
aftei wards claimed the ment of the invention,) by the trea- 
tife in queltion. 

The curing-houfe is a large airy building, provided with 
a capacious melafTes ciftern, the fides of which are doped 
and lined with terras* or boards. Over this cillern there is 
Vol. XXXIV. 
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a frame of maffy joift-work* without boarding. On the 
joifls of this frame, empty hogfheads, without headings 
are ranged. In the bottoms of thefe hogfheads eight or ter 
holes are bored, through each of which the llalk of a plan 
tain leaf is thrufl, fix or eight inches below the joiltc, and 
long enough to Hand upright above the top of the hog- 
fhead. Into thefe hogfheads the mafs from the cooler if 
put, which is called “ potting and the melafTes drain 
through the fpongy llalk, and drop into the ciilern, front 
whence it is occafionally taken for diflillation. The fugar, 
in about three weeks, grows tolerably dry and fair. It is 
then laid to be cured, and the procefs is finifhed. The 
curing-houfe fliould be clofe and warm, as warmth contri- 
butes to free the fugar from the melafTes. 

Sugar, thus obtained, is called “ nuifcovado,” and is the 
raw material from which the Britifh fugar-bakers chiefly 
make their loaf, or refined lump. There is another fort, 
which was formerly much approved in Great Britain for 
domellic purpofes, and wap generally known by the name 
of Eifbon fugar. It is fair, but of a foft texture, and in 
the Weil Indies is called “clayed fugar. ” The procefb is 
conducted as follows : A quantity of fugar from the cooler 
is put into conical pot* or pans, called by the French 
“ forme?,” with the points downwards, having a hole about 
half an inch in diameter at the bottom, for the melafles to 
drain through, but which at firfl is elofed with a plug. 
When the fugar in thefe pots is cool, and become a fixed 
body, which is diicoverable by the middle of the top falling 
in, (generally about twelve hours from the firft potting of 
the hot fugar,) the plug is taken out, and the pot placed 
over a large jar, intended to receive the fyrup or melafles 
that drain from it. In this Hate it ig left as long as the 
melafles continue to drop, which it will do from twelve to 
twenty -four hours, when a llratnm of clay is fpread on the. 
fugar, and moiltencd with water, wh.ch oozing imperceptibly 
through the pores of the chy, unites intimately with, and 
dilutes the meluflc' ; confequently more of it comes away than 
from fugar cured in the hogfhead, and the fugar, of courfe, 
becomes fo much the whiter and purer. The pots remain 
for twenty days in this fituation, after which the fugar is 
taken out, dried in the fun for fome hours, and then taken 
to a large {lore-room* where it is kept in a pretty ftrong 
heat for three weeks. The procefs, according to Sloane, 
was firft difeovered in Brafii, by accident. “ A hen*” 
fay* he, “ having her feet dirty, going over a pot of fugar, 
it was found under her tread to be whiter than elfewhere.” 
The reafon afligned why this procefs is not univerfally 
adopted in the Britifh fugar iflands is this, that the water, 
which dilutes and carries away the melafTes, diffolves and 
carries with it fo much of the fugar, that the difference 
in quality does not pay for the difference in quantity. The 
French planters probably think otherwife, upwards of four 
hundred of the plantations of St. Domingo having the ne- 
ceffary apparatus for claying, and actually carrying on the 
fyftem. The lofs in weight by claying is about one-third 2 
thus, a pot of 60 pounds is reduced to 40 pounds ; but if 
the melafTes which are drawn off in this pradice be reboiled* 
they will give nearly 40 per cent, of fugar ; lo that the real lofs 
is little more than one-hxth : but the dillillery, in that cafe, 
will fuffer for want of the melafTes ; and, on the whole, 
Mr. Edwards believes that the ufage of the Englifh planters 
in (hipping mufeovado fugar, and dillilling the melafTes* is 
more generally profitable than the fyftem of claying. 

The Cochi nchinefe prepare a very excellent moil! fugar* 
remarkably cheap, by a very fimpie procefs, fimilar to tliat 
of claying. The grained fugar, after the grofs fyrup has 
drained from it* and it has become confiderably folvd, is 
3N 
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placed in layers about an inch thick, under layers of the 
fame dimenfions of the herbaceous trunk of the plantain tree ; 
the watery juices, exuding from which, aft like claying, 
and leave the fugar very white and porous, like a honey- 
comb. This is pure enough to diffolve in water, without 
any fediment. 

F. Labat mentions feveral different kinds of fugars, pre- 
pared in the Caribbees, viz. Crude fugar , or mufcovado ; 
J/lrained , or brown fugar ; earthed , or white fugar in powder ; 
refined fugar , either in powder or loaves ; royal fugar ; can- 
died fugar ; fugar of fine Jyrup ; fugar of coarfe Jyrup ; fugar 
of the fcum . 

Sugar, Crude , or Mufcovado , is that firlt drawn from the 
juice of the cane ; of which all the reft arc compofed. The 
method of making it is that already deferibed as for fugar 
in the genera!. 

Sugar, Strained , or Brown , though fomewhat whiter and 
harder, does not differ much from the crude fugar though 
it is held a medium between this laft and the earthed fugar ; 
which is the white powder fugar. 

The preparation of this is the fame as that of the mufeo- 
vado, with this d fference, that, to whiten it, they ftrain the 
liquor through blankets, as it comes out of the firft cop- 
per. The invention of ft rained fugar is owing to the*Knglifh, 
who are more careful than their neighbours in the prepar- 
ation of it ; for they not only It rain it, but, when boiled, 
put it into fquare wooden forrm, or moulds, of a pyramidal 
figure ; and when it has purified itfelf will, they cut it in 
pieces, dry it in Hove?, and barrel it up. See Refining vf 
Sugar, infra . 

Sugar, Earthed \ is that which is whitened by means of 
earth Lid on the top of the forms it is put in to purge itfelf. 
See Refining of Sugar. 

Sugar of the Scum . This is all made of the fcum of the 
two la't coppers ; thu/e of the former being referved for the 
making of rum. 

The fcum deftined to make fugar is kept in a veflel for 
that purpofe, and is boiled every morning in a copper fet 
apart for that ufe. With the fcum, is put into the copper 
a fourth pnrt of water, to retard the boiling, and give time 
for it- purging ; when it begins to boil, the ufual ley is put 
in, and it is carefully feummed : when almoft enough boiled, 
lime and alum- water are thrown in ; and wlteri it is ready 
to be taken out, they fprinkle it with a little powdered 
alum. 

Sugar of Syrupy or Treacle. There are three kinds of 
fyrups that run from (ugar. The firft, from the barrels of 
raw fugar, which is the coarfeft of all ; the fecond, from 
the forms, or moulds, after they are perforated, and before 
they receive their earth ; the third, that coming from the 
forms after they have had their earth ; which laft is the 
beft. 

The coarfe fyrups fhouldonly be ufed for rum, but fugar 
being grown dear, endeavours have been ufed to make feme 
of them, and that; with tolerable fuccefs. They are firft 
clarified with lime-water : and, when boiled, are put up in 
barrels, with a fugar-cane in the middle, to make them purify 
themfiJ ves. After twenty days, a quantity of coarfe eartn 
is thrown in, to make them caft the remainder of their fyrup, 
and fit them to be returned into a crude fugar. The Dutch 
and German refiners firft taught the iflanders how to turn 
their treacle into fugar. 

The fecond fyrup is wrought fomewhat differently : after 
the copper it is to be boiled in is half full, eight or ten 
quarts of lime-water are caft in ; it is then boiled with a 
brifk fire, and carefully feummed ; fome add a ley, and others 
■one. F. Labat takes the former method to be the better, 
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though it requires more trouble and attention. This fugar 
may be earthed alone, or at leaft with the heads of loaves, 
the dried tops, and fuch other kinds of fugars as may not 
be mixed with the true earthed fugar, nor yet with the crude 
fugar. 

For the third fyrup, after boiling and feumming it as the 
former, they put it inftantly into coolers, the bottoms of 
which are covered half an inch thick with-white fugar, very 
dry and well pounded ; and the whole is well ftirred to in- 
corporate the two together. This done, they ftrew the 
furface over with the fame pounded fugar, to the thicknefa 
of one-fifth of an inch, this aflifting the fugar in forming its 
grain. When fettled, and the cruft gathered at the* top, a 
hole is made in the cruft five or fix inches in diameter. 

By this aperture they fill the cooler with a new fyrup, 
poured gently in, which infenfibly raifes up the former emit. 
When all the fyrup9 are boiled, and the cooler is full, they 
break all the crufts ; and, after mixing them well, put them 
up in forms or moulds. 

The reft is performed in the fame manner as for the 
earthed fugar, from which it only, differs in that it falls fhort 
of it 8 glofs and brightnefs ; being, in reality, fometimes 
whiter and finer, though of a flatter and duller white. For 
the ufe and management of the fyrup of fugar, fee Refining 
of Sugar. 

Sugar, Refined. Crude fugar, ftrained fugar, and the 
heads or tops of loaves that have not whitened well, are the 
baiis, or ground, of this fugar. See Refining of Sugar. 

Sugar, Royal. The bafis of this fort ought to be the 
pureft refined fugar to be found. This they melt with a 
weak lime-water ; and, fometimes, to make it the whiter, and 
prevent the lime from reddening it, they ufe alum-water. 
This they clarify three times, and pafs as often through a 
clofe cloth, ufing the very beft earth. When prepared with 
thefe precautions it is whiter than fnow, and fo tranfparent, 
that we fee a finger touching it, even through the thickeft 
part of the loaf. 

The curious in the whole art of fugar-making, or the 
reducing vegetable juices to what we call fugar, by expref- 
fion, decoftinn, clarification, graining, claying, and cryllal- 
lization, will find farther accounts and dire&ions, in the 
feveral precedes of this art, in Pifo’s Hift. lnd.; in Angelus 
Sala’s Saccharologia ; in Dr. Slare’s Treatife on Sugars ; 
in Sir Hans Sloane’s Hiltory of Jamaica ; Baker’s EUay, 
above cited ; and Edwards’s Hiltory of the Weft Indies, 
vol ii. There are alfo feveral valuable papers on thefe fub- 
jefts in the Philofophical Tranfa&ions. 

Sugar, Refining of y is the ait of purifying fugar, and of 
giving it a fuperior degree of whiter, efs and folidity. The 
excellence of mufcovado fugars, or fuch as have not been 
refined by the planter, but are fent home in the mo ft crude 
ftate, confifts in their whitentf dryntfs or freenefs, clean- 
nefs and (harpnefs or ftrc*gth. The judicious refiner de- 
cides upon thefe leveral qualities by the eye, the touch, and 
the tallc. 

The firft operation in the procefs of refining is that of 
clearing the pans ; previoufly to which they are charged, by 
throwing about fix quarts of frefh bullock’s blood (called 
Jbice) into each pan, and hilii.g it with lime-water to about 
naif the height from the bottom to the part in which the 
brace is fixed ; and when thefe are well ftirred together, the 
pan is filhd to the brim with raw fugar. This rnafj, with a 
moderate fire, will in about two hours be brought to 
the verge of boiling heat ; but it ftiould not be allowed 
a&ually to boil ; and in this time the earthy particles cl the 
fugar, and other adventitious impurities, will be feparated 
from it by the effeft of the beat, and the cleanfing quality 
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ol the fpice, and thrown up to the furface. About two 
quarts of fpice are added to each pan, within the firft hour 
after the fires are lighted. The fcum thus produced, which 
is ufually from four to ten inches thick, is fit to be taken 
off, when the furface appears black and dry, and not greafy ; 
and it is gently removed with a broad fkimmer into a port- 
able tub, and conveyed into the fcum-ciftern. Having done 
this, the panman ftirs together a ladleful of fpice (e. gr . 
about a quart), and a quantity of lime-water ( e . gr. one or 
two gallons, as the cafe may require) ; and pours this mix- 
ture into each pan. When the fugar is again brought to a 
fcalding heat, it throws up a fecond fcum, not fo foul as the 
firft, which is removed as before. He then adds a frefh 
quantity of fpice, but lefs than the former, and repeats this 
operation, till the fugar cafts up a clean milky froth, which 
indicates that the impurity is wholly extra&ed. The liquor 
is alfo fometimes examined with a bright filver or metal 
ipoon, that any remaining fuulnefs may be difeovered. In 
the making of double loaves, powder loaves, or very fine 
{Ingle loaves, it is ufual to heighten the natural colour of 
the fugar by the addition of a little blue. For this pur- 
pofe, when the pans are almoft clear, the quantity of about 
fix pennyweights troy of the fineft indigo, finely powdered 
and filtered through a piece of woollen or blanketing in a 
bafon of frefh water, and well ftirred together in a bafon, is 
thrown into each pan. The fugar being once raifed in the 
pan after this infufion, the grofler particles of the colour 
are taken off in the laft fcum, and the remainder is incor- 
porated with the fugar in the pan. 

The panman having brought the fugar to the cleaneft 
ftate, prepares to Jkip it ojf % or to fhift it from one velfel to 
another: this is done by means of a wooden gutter laid 
along the parts, and opening into the clarifying ciftern. 
Over this ciftern, upon large iron bars, is fixed an oblong 
baflcet, about fixteen inches deep, in which a large thick 
blanket is faftened ; and through this blanket and bafket the 
fugar liquid paffes out of the gutter ; and to the mafs a 
quantity of fyrup is ufually added. Having meafured the 
quantity of liquid in the ciftern with a rod graduated by 
inches, the panman pumps back into the pans either the 
fixth or ninth part of the whole, a9 he is dire&ed by the 
fupervifor or boiler ; and the pans are all fupplied together by 
means of a trough. When this is done, the fire is Itirred up 
to a confiderable degree of fiercenefs ; and then commences a 
new operation, viz . evaporation. In this part of the procefs 
(the day’s work being divided into three fillings), the panman 
pumps into the pan one-ninth part of the quantity in the 
ciftern, which in a few* feconds begins to boil, and mutt be 
continued in a boiling ftate, but not with too intenfe a fire ; 
and to prevent the uigar from boiling up to the furface of 
the pan, or from boiling over, he cafts a fmall quantity ( viz . 
a piece as large as a nutmeg or walnut, as the cafe may re- 
quire) of butter or greafe into the boiling liquor. Here it is 
to be obferved, that fugar fhould boil low in the pan, and yet 
not too flat, like water; for by riling hollow from the bottom, 
the neceifary evaporation i9 retarded, and the fugar is ex- 
pofed to the a&ion of the fire for a longer time than it ought 
to be. In a fpace of time from twelve to thirty minutes, 
the evaporation will have produced its effed, and the fugar 
acquire the requifite degree of vifcoufnefs. The ftate will 
be indicated by various circumftances ; as by the bubbles 
dragging heavily over the furface of the boiling mafs, and 
by the clammy liquid falling in ropes from the proof-ftick ; 
but principally by that teft which is called the provf. For 
this purpofe the boiler draws the ftick out of the boiling 
liquid with his right hand, and placing his left thumb upon 
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the fugar, draws it acrofs the ftick, carrying away upon the 
end of his thumb as much of the fugar as wnl hang upon it ; 
he then, by means of a candle placed in a black box, called 
the proof-box, and by repeated trials (drawing the fugar to 
a thread between his thumb and fore-finger) determines 
when the evaporation is complete 5 and when this is decided, 
the fire is fmothered, and nearly quenched. The hot fugar- 
liquor is then removed by means of bafons out of the pans 
into coolers, two or three gallons being left in each pan to 
prevent the bottom frqm being fcorched ; and the pans are 
again fupplied with a quantity of liquor for the next eva- 
poration. The liquor in the coolers is gently ftirred to 
prevent a cruft from forming on its furface. When the 
lecond quantity is brought to proof, and fkipped off into 
the coolers, the pans are fupplied with a fimilar quantity ; 
and while this is boiling, that part of the procefs of refining* 
called granulation , is purfued. For this purpofe the fugar 
is difturbed in the coolers by an inftrument called an oar f 
and refembling the oar of a boat : the violent motion thus 
continued for leveral minutes, ferves to deftroy the vifcouf- 
nefs of the fugar, and to complete the granulation. Upon 
this operation much of the beauty and luccefs of the manu- 
facture depend ; for if the fugars are not ftirred enough* 
the grain of the refined fugar will be large and loofe, and its 
colour not fufficiently white ; but if it be ftirred too much* 
the grains will be broken, the fugar will be difunited in its 
parts, and though clofe and fmooth, without luitre ; and it 
will lofe confiderably of its due weight. When the third 
{kipping is boiled, and the coolers fufficiently ftirred, the 
contents of the pans are removed to the coolers, as before ; 
and thus the firft ftage of boiling for the day is completed# 
The courfe of the other two fillings is precifely the fame. 

The next operation in refining is conduced in that part 
of the ground-floor of a fugar-noufe, which is denominated 
the fill-boufc , becaufe all the upper floors of the houfe are to 
be filled from this ; and this operation confifts in filing the 
moulds with the three flappings contained in the coolers. 
The moulds, in the form of inverted cones, previoufly pre- 
pared by foaking and wafhing them, and flopping their 
apertures with wet linen rage, are placed fide by fide, and 
in rows two or three deep : their number is to fuffice for the 
quantity of liquor in the coolers, which is eftimated by the 
number of bafons which were fkipped off from the pans ; 
and they are propped up by other moulds (commonly fuch 
as are broken) placed with the broad end downwards, in 
front of the outward rank, by way of abutment : thefe are 
called foyers. The fugar, being previoufly Itirred in the 
coolers, in order thoroughly to mix each (kipping, is ladled 
out of the coolers in fucceffion, and not all at once, (unlefs 
the fillings are fmall, in loaves, and always in lumps,) into 
bafons conveniently fituated 5 and thefe are carried into the 
fiil-houfe, where as much of the fugar is poured into each 
mould as will fill about one-third of its capacity ; the fame 
quantity is again poured into each ; and at the third time 
they are filled to the brim. 

The moulds being filled, the next operation, which is that 
of ftirring the fugar in them, ie cauled hauling , and is de- 
figned to prevent an adhefion to the mould, and to lay the 
grain of the mafs even and regular through all its parts. In 
this bufmefs each man takes a tool, made of wainfeot, and 
called a knife, and in fize proportioned to that of the mould 
to be ftirred ; with this tool, keeping his hand over the centre 
of the mould, he ferapes the fugar from its Tides by fuccef- 
five ftrokes downwards, carried all round ; and when two 
revolutions are performed, the fugar is allowed to reft fome 
minutes, until it has acquired fome firmneft* The moulds* 
3N » 
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being ftirred round three or four times* according to the* 
direction of the boiler* are no more 1 difturbedrtill they are 
pulled up* 

The procefs already defcribed relates to (War once refined, 
called angle loaves : double loaves are ufually cleared with 
thewhitesof eggsinfteadof fpice, (two hundred of which 
are neceffary to each pan,) and with frefh water inftead of 
lime-water. With refped to the proof, one rule only can 
be laid down ; vi%. the fugar mutt be boiled higher as the 
moulds which contain it are increafed in fize. 

The order of refining is uniformly this: to begin the 
firft day with the fineft fugar intended to be wrought, and 
to proceed daily with fugar of a lower quality, and of 
courfe to begin with fmall loaf-moulds, and to ufe larger 
moulds progreffively ; lo that the brownifh fugar will be put 
into large lump-moulds ; for this fugar works beft in large 
mattes, and it is likewife more in demand in England than 
the finer kind. The ufe of this diftribution of a refining is 
to enable the boiler to make a more advantageous difpofition 
of his fyrups and feu ms. The order of the firlt twelve 
days is ufually as follows : firft day, double loaves ; fecond 
and third days, powder loaves ; fourth, fifth, and fixth, 
fingle loaves ; feventh, Pruffian lumps ; eighth, Canary, 
or pattern lumps ; ninth, tenth, eleventh, and twelfth days, 
large lumps. To thefe twelve days are added four or five 
more, in a part of the procefs called baft ard- boiling ; and 
thefe fixteen or feventeen days conftitute a complete feries, 
denominated a complement, or refining. 

From this digreflion let us now return to the fill-houfe ; 
where the fecond and third fillings having been boiled off, 
and paffed from the coolers into the moulds, in the manner 
already defcribed, the panman proceeds to make over the 
feum which was taken off the pans in the morning, in order 
to extrad the remaining fugar from it ; the method of doing 
this will be hereafter explained. When it is finifhed, the 
pans are loaded for the work of the following day. In the 
evening, when the new-made goods are cool, and fit for re- 
moval without damage, they are pulled up into that floor 
of the houfe which is beft fuited for receiving them, and 
where a proper number of well-forted pots are placed in 
ranks for this purpofe. Theup-ltairs man plucks out from 
the point of every one the ftopper or rag ; and pricks them 
in the point with an awl, the fize of which is proportioned 
to the mould ; and they are then fet upon the pots. 

The contents of the moulds, cleared by the preceding 
operations of their earthy particles and water, confift of the 
vegetable fait, and an oily matter, now called fyrup , but 
which, after the final extradion of the falts, will be called 
mehjfes. For the feparation of thefe there is required a 
feries of operations, which may be diilinguifhed by the name 
of filtering , or draining . In twenty-four hours after the 
loaves have been placed upon the pots, the quantity of 
fyrup which will have exuded from the aperture of each, 
will fill more than half of the pot on which it (lands. 
When the ft ate of the loaves has been examined, by drawing 
one or two loaves of each filling out of their moulds, if the 
fyrups are not in a digetting Rate, they are left unclayed 
for two or three days longer, and the warmth of the room 
in which they (land is fomewhat increafed ; but if they ma- 
nifeft a proper appearance, they are prepared for receiving 
the firft clay, which ic laid on either the next or the third 
day. The -green new-made loaves are judged to bear a 
healthy and proir.ifing appearance, when the fyrups have 
quitted the broad part of the loaf, and are evenly drawn to- 
gether 5 and when the whole furface has a compact and 
fmooth appearance, they are fit to receive day* When the 
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fyrup hath icarcely defeended from the top or face of the 
cone ; when the head, i. e. the narrow and moiit end, is not 
evenly drawn off to a line ; it is concluded that the fugar in 
over-boiled, or of an ill quality ; the fyrups are not in a 
date of digeftion ; and time is given, and heat added, to 
make them fit to receive the clay. On the other hand, if 
the moillure U (lirunk and fettled, and of a pale colour juft, 
round the apex of the cone, there is reafon to apprehend 
that the fugar is under-boiled, or too free 5 in which cafe 
the furface or coat will appear loofe, and want that fmooth- 
nefs which the well-boiled loaves exhibit. When this is the 
cafe, they mutt be lightly clayed, and care mud be taken 
that the clay be not too thin or wet. Before the clay is 
laid on, the thin cruft, w hich had been formed round the 
edge of the mould by the motion of the hauling knife, if- 
feraped from each loaf into the receiving box, and by 
preffirtg the face of the loaf with that part of the hand 
which is neared the wrilt, a fmall concavity is made for re- 
ceiving the firil clay, as well as a proper folidit) to the bed 
on which it is intended to reft. 

The firft or green fyrup is now taken away, and poured 
into large earthen jars, called gathering-pots ; and the empty 
pots are returned to receive the moulds which had been taken 
from them. When they are returned to their proper places, 
a fmall ladleful of wet clay is poured on the face of each 
loaf. This firft or green clay dries up in five or fix days, 
and forms a cake, which is taken off, and laid by for fu- 
ture ufe. When the clay is removed, the whole lurfacc of 
the loaf will be found to have (lirunk under it, and the loaf 
is become concave in the middle. With a tool, called a 
bottoming-trowel , the fugar which adheres to the Tides of the 
mould is cut away by a horizontal movement : and a fmall 
quantity of ferapings, or of lumps broken down for this 
purpofe, is added to the loole fugar which the trowel had 
cut ; and they are prefled down together on the furface, till 
the whole has been brought to a good level, and to a mode- 
rate degree of firmnefs for bearing the next clay. 

On the following day the loaves are clayed a fecond time ; 
and when this clay is dry, it is removed, like the former ; 
and each loaf is drawn out of its mould, and carefully exa- 
mined ; and this part of the procels is called overfeeing. 
Double loaves, fine powder loaves, and fine fingle loaves, 
will fometimes, under this clay, be found neat , * c. the 
rednefs or brownnefs will have quitted the loaf, and the head, 
though ftill moift, will appear perfectly free fiom deco- 
loration. The workman, however, in order to be farther 
fatisfied, cuts off the heads of two or three loaves with the 
trowel ; and if he is fatisfied, thefe loaves are to be clayed 
no more; but he proceeds to the operation of brufhing- off, 
i.e . of leraping off the irregularities and impurities occafioned 
by the contad with the clay with an iron tool, called a 
brujhing-hool ; and with one corner of this a number or let- 
ter is icratched upon the level face of the loaf. To thofe 
loaves which are not found neat, the workman gives a third 
clay ; which is ufually laid on in a thinner mafs than the 
former. If his loaves are not yet quite finiflied, lie puts a 
little fre(h moillure on the back of the overleen clay, and 
thus effeda his purpofe. 

The loaves being now rendered neat, and brulhedoff, mult 
(land fome days in the moulds to acquire face, or that (tony 
hardnefs of lurface, which will enable them to (land firm, 
when they are turqcd down out of the moulds ; and during 
this time they are once or twice loofened in the moulds by a 
gentle blow on a (tool, or againft a poll ; and thus the coats 
are improved by preventing adhefion to the moulds, and fa- 
cilitating the precipitation of the remaining moillure. The 
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windows are opened to let in air, if the weather be dry ; 
and the points or nofes are alfo examined, which will fome- 
times melt away, whilft the above operation is effe&ing. 
When thefe fymptoms appear, the workman proceeds to 
turn down his loaves, by taking the moulds from the pots, 
covering the floor with clear brown paper, and turning each 
loaf down with its mould over it. They are ufualiy turned 
down either upon the Hove-hcad, or in fome warm place, 
becaufe by being left uncovered, and expofed to the a&ion 
of cold air, the moifturc remaining in the head will not de- 
scend into the body of the loaf, and be equally difperled ; 
but remaining in the head, would fpoil and disfigure the 
loaf ; partly by the fyrup’s coagulating, and becoming unfit 
to defeend between the fine interfticcs of the concrete body, 
and partly from the aftri&ion of the folid particles. With 
thefe precautions, in twenty-four hours the moifture is ap- 
parently difperfed, and the cone aflumes throughout an uni- 
form appearance. The loaves are then taken off the floor, 
feparately examined, and cleared of any difcMoured fpecks 
with a fmall knife ; and are cither papered and fet in the 
Rove, or elfe are placed in the itove without paper, as the 
cafe may require. If any of them have Hill a remaining 
yellownefs in the head, the point is cut off, and they are then 
called fpot-loaves . They remain in the Hove five, fix, or 
1‘even days, till they are entirely dry, and are then fit for 
fale and ule. The management above ffairs in the courfe of 
this one day’s work is nearly the fame, whether the fugar 
be fine or coarfc. 

Brown fugars, wrought in large moulds, require more 
clay than fine fugara in fmall moulds : nor is it neceffary 
that lump9 fhould be made neat ; but it is the confiant prac- 
tice to cut off the wet head from every lump, fo as to leave 
no remaining rednefs ; thefe wet tips, called lump headings , 
are received into a large mould, and placed upon a pot to 
drain, and when dry, arc melted for making double loaves, or 
for improving powder loaves ; or elfe they are bruifed and 
mixed with brufhings to bottom-up , i. e. to defend the face of 
loaves, or other goods, before they receive clay. Large 
lumps frequently need claying four times. And it may be 
obferved in general, that iugars of every kind require more 
heat to bring them forward, as they fink in quality. 

The materials for double-loaf boiling are made from re- 
fined fugar, and frequently from loaves or lumps bought for 
that purpole. But thofe who are moll cu-mus in this fabric, 
chufe to make lumps for this purpole, which are called 
vi ellers: they are low boiled, and llirred but little (though 
fome boilers ffir them much), in order to preferve the 
llrength of the fugar unimpaired. Fine double loaves are 
kept in a room of the temperature of a common parlour ; 
a little warmth is fufficient for powder loaves, and fine Angle 
loaves; inferior loaves, and lumps of a middling quality, 
require warmth ; but the browneff lumps and bnjlards thrive 
in a glowing heat. Every fort of refined iugar will bear 
and require more heat in proportion as it is higher boiled ; 
for the brown fyrupy matter will not quit the denfer, unlefs 
it be kept in a fluid Hate ; and this can only be effe&ed by 
the adlion of heat ; and, moreover, the fluid parts of high- 
boiled goods muH be more vifcous than thofe of goods which 
have been lefs bound up by lire. 

The fyrup3, which are difeharged from refined fugar 
during the operation of draining, exceed in bulk and weight 
the whole quantity of loaf or lump fugar, and are, there- 
fore, of great importance in this manufadlory ; and upon 
the proper management of them much of its fuccefs de- 
pends. It will be proper, therefore, to purfue the enquiry 
relating to the ufe of fyrups, produced from a day’s work 
of fugar once refined in loaves. When the loaves are pre- 
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pared to receive the firft clay, the fyrup is colJe&ed into 
gathering-pots, each of which contains from 50 to 60 pounds 
of fyrup ; this is called green fyrup, on account of the new 
or green Hate of the loaves from which it runs ; and the 
quantity of it is ufualiy about 15 gathering-pots from each 
pan of goods. The next fyrup, called fecond runnings , is 
commonly colledted when the fecond clay is removed, and 
amounts in quantity to about eight gathering-pots per 
pan. The third and lall collection is made after the 
moulds are finally removed from the pots ; it is called 
drippings , and is about five gathering-pots per pan. How- 
ever, lome workmen collect their fyrups oftencr than 
thrice. The fyrups of every kind of refined fugar inefreafe 
in finonefs and value, the later they exude from the moulds. 
As for the appropriation of them, the green or low fyrups 
are boiled away on the days next after the conclufion of re- 
fining : they are taken into the pans without the addition 
of any fugar, and after a fuflicient evaporation are poured 
into large moulds ; and under the name of bajlard fugar, 
form a principal article in the fugar-tradc. The finer fy- 
rups are all incorporated with fugar, and a proportion of 
them is daily brought down through the lyrup-pipcs into 
the ciltcrn, at the fame time in which the lugar is firft 
fkipped from the pans ; the lyrup-pipe difeharging its con- 
tents into the clarifying balket, fo that the fyrup, as well 
as the fugar, palfcs through the blanket ; and it is pumped 
back from the cillcrn into the pans. 

The following ellimates exhibit the quantity of fyrup 
that may be allowed (catcris paribus) to a given quantity of 
fugar ; •viz., for double loaves’, fix gathering-pots per pan ; 
for powder loaves, 10 ditto; for fine Tingle loaves, 15 ditto; 
for middling' loaves, 20 ditto ; for brown Angle loaves, and 
Canary lumps, 25 ditto ; for lumps, 30 or 40 ditto. 

With the nectffary allowances for particular circura- 
Ranccs, the feveral lorts of fyrups may be duly appro- 

riated in the following manner. Green fyrups of every 

ind may be mixed with raw fugar, or applied to the 
making of goods, two degrees in quality lower than thofe 
from which thefe fyrups were produced. Second running# 
of every kind arc lit to be incorporated with goods one 
degree below thofe from which they were produced. Drip- 
pings may be ufed with raw fwgar, or with other proper 
materials, in making the fame kind of goods from which 
they had been fupplied. In other words, the green fyrup 
of double loaves would be ufed in making Angle loaves ; 
the fecond runnings would go into the compofition of pow- 
der loaves ; and the drippings would enter into the fubttance 
of other double loaves. Again, the green lyrup of large 
lumps would be boiled off in baftards; the fecond running 
would make pieces ; and the dripping, added to proper 
fugar, would be united therewith in the production of other 
lumps. 

Pieces are a better kind of baftards, which are either 
boiled from fyrups that are too good to make baitards, or 
are made of luch fyrups, and a fmall portion of cheap 
and bad fugar, which is too poor to make lumps. In the 
latter cafe, they are called fugar- pieces ; but in either, all 
the fyrup that comes from them is boiled again, either to 
make bafiards or other pieces, according to its goodnefs ; 
whereas the fyrup that runs from, bafiard3 is always con- 
fidered as a caput mortuum, and no efforts are made to 
obtain any fugar from it, but it is put into calks, and fold 
under the denomination of melaffes. It is, therefore, worth 
the boiler’s attention to keep all the weight of fugar pof- 
fible in his baftards ; and for this purpofe he boils them as 
high as he may venture, without incurring the danger of mak- 
ing Hopped baftards, i. baftards from which the melaffes 
xx 
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will not run ; which may be owing either to the ill quality 
of the materials, or to overboiling. But as the fyrup of 
pieces is to be boiled again, a good workmau never exhaufts 
it by overboiling. The materials of which baftards and 
pieces are compofed, not abounding with falts like thofe 
already treated of, have not an equal difpoiition to con- 
crete ; and, therefore, it is found neceffary to give them 
fome aid, in order to effeft the neceffary granulation : this 
is done by taking grain (which we (hall prefently explain) 
into the coolers. Thefe inferior productions are (tirred, 
neither in the coolers nor in the moulds, any more than 
by a fmall movement round the coolers, with an iron fcraper, 
juit fufficient to incorporate the grain with the hot fluid 
mafs. 

In order to illuftrate the formation of this grain, we may 
obfervc, that the ftrong particles of fugar, which are ca- 
pable of concretion, have evidently a greater degree of den- 
fity than the oily or aqueous. Wnen the hot fluid is poured 
into a baftard or piece mould, thefe denfer particles defcend, 
and would pafs into the pots if there were any paffage for 
them ; but the ftopper is not taken out of the moulds of 
thefe goods until five, fix, feven, or eight days after they 
have been pulled up ; for they want time to harden, and 
cannot fafely be left unllopped. Having reached the lower 
part of the mould, they are formed into fmall ltony fub- 
liances of the nature of candy, and when the (toppers are 
withdrawn, thefe fmall (tones remain near the point of the 
mould, and form what is properly called baftard grain, 

Baftards and pieces are ufually clayed but twice, and 
when dry enough, are knocked out of the moulds, their 
wet heads being cut off into a large mould placed to re- 
ceive them, and they are called baftard-heading , or fmcar / 
in another mould is preferved the grain, which ufually forms 
a ftratum about two inches broad, beginning about four 
inches from the point of the mould. The baftards and 
pieces are then put into the (love, and in five, fix, or feven 
days, will be found dry enough ; for they muft not, like 
lumps and loaves, be rendered perfectly dry. They arc 
then taken out and piled in a room, as near the mill as pof- 
fible, and ground all together ; or the brown tip is cut off, 
and the other two parts, called the middle and face, are 
ground together : or fometimes the baftard or piece is di- 
vided into three parts, which arc ground feparately, and fold 
at different prices. 

We (hall now clofe this article with a fhort account of 
the method of making over feums, and the application of 
their produce. The refiner extracts from the feum of hia 
fugars, every particle of fugar which it is in his power to 
obtain ; and after he has reduced the feum to fuch a it ate 
that it appears to be a mere earth, refembling garden mould, 
he fells it to a feum-boiler, who again tries it over the fire, 
and extra&s a fmall quantity of fweet liquor out of it. 
The feum of fine treble or double loaves is often put into 
the pans again without anv procefs, and mixed with raw 
fugar, for the production of inferior goods ; but, in general, 
the feum of each day’s work is made over in the fame day 
after the boiling of the fugar is finifhed. The method is 
this ; the panman, having put about three quarts of fpice 
into his pan, draws lime-water until the pan be four-fifths 
full without the pan-brace ; to this he adds about four 
tubs of the feum, each tub containing about three-fourths 
of a hundred-weight. Having ftirred the liquor well, he 
makes a moderate fire, and the feum will feparate from the 
fluid and float upon the top of it ; with a fmall iron fcraper 
he prevents anv foulnefs from adhering to the bottom of 
the pans ; and then fuffers the fire to increafe, and the 
liquid, upon the verge of boiling, is feen through the open- 


SUGAR 

ings of the dirty furface, Having kept it fimmering for 
feveral hours, and having provided a cooler or receiver, 
over which is placed a ftrong wooden frame, and upon this 
a bafket, to which a coarfe bag, called the feum-bag, is fitted, 
he pours the contents of his pan into this bafket and bag ; 
and then the mouth of the bag is drawn up, and well 
twifted together, and a ftrong board, called a feum-^oard , 
is laid upon the bags, with feveral weights upon the board, 
to prefs down the feum. In the fpace of an hour, or an 
hour and a half, the bag (hould be twifted and prefled ; and 
the liquor, which oozes plentifully through the bag, is 
ufually taken into the pans the next morning : its thinnefs 
renders it ufeful in clearing the pans, and if any grofs 
matter hath palled through the bags, it is drawn off with 
the reft of the feum of the fugar when cleared. The feum, 
as it is taken from the pan, is called fat feum, and the liquid 
matter drawn from it bears the fame appellation ; in contra- 
diftindion to the poor meagre liquor which is expreffed 
from the fame feum when they are made over a fecond time, 
by an operation much like the former. After prefling and 
draining, the exhauited remains, under the name of rubbijb 
feum, are either burnt in the cockeil, or delivered to the 
feum-boiler at a very low rate. The produce^f over-made 
feums mult be ufed immediately, or it muft be (hortened, 
i, e, boiled thick ; otherwife it will turn four and do great 
harm ; for acidity 16 a conftant enemy and deitroyer of 
fugar. 

The liquor drawn from thefe feums is commonly ufed iu 
baftard boiling, or in the browneft lumps. There is a large 
proportion o i the fat feum ufually left of every refining, 
to be made over during the baftard boiling : it is common 
to fet by the firit or groffelt feum for this purpofe, and to 
keep feparate the finer and later feums, which are made 
over day by day in the manner already deferibed : the 
liquor thus obtained from the fat feums, being full of fugar, 
is very ufeful to the baftards, fortifying the fyrups, and 
promoting their ftrength and adhefion. The editor is in- 
debted for the materials which have fupplied this article, 
and thofe on the manufa&ure of fugar-candy, and the con- 
(tru&ion of a fugar-houfe, to the kind communication of 
Mr. Griffin, an eminent fugar-refiner in London. 

Of the improvements that have been made in the pro- 
ceftes for refining of fugar, we (hall give an account ac- 
cording to the order of time in which the patents were 
granted. 

In O&ober 1812, Edward Charles Howard, efq. of 
Weftbourn Green, in the county of Middlefcx, obtained a 
patent, the fpecificatiou of which informs us, that he has 
eftablifhed and adopted the following operations. In the 
firit inltance, he fubmits raw or mufeovado fugar to a pri- 
mary operation, by well mixing, as expeditioufly as pofliblc, 
the faid fugar with fuch a quantity of water as will, at the 
common temperature of the atmofphere, bring it to a magma 
of the confiftency of well-worked mortar; having left it 
at relt for the fpace of an hour or more, he heats it to a 
moderate temperature, e, g . from 190° to 200° Fahi;., 
which is moft conveniently effe&ed in a veffel furrounded by 
boiling-water or (team, under the common preffure of the 
atmofphere ; he then adds more fugar, or a thinner magma, 
fo as to render the mafs imperfedly fluid, and fills the 
moulds with it from the water-bath ; and when it is become 
cold in the moulds, he takes the ftopper out of the mould, 
and fuffers the melaffes to drain from it. When the drain- 
age is completed, he pares down the large or upper furface 
of the lump, loaf, or rnafs of fugar remaining in the mould, 
with any fit inftrument, until the fugar prefents an uniform 
appearance. He next mixes the fugar fo pared off with 
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cold water, till the magma acquires a confiftency, which 
will not allow it to readily clofe behind the ftizar ; and then 
replaces it, in that condition, upon the uniform and firm 
furface before prepared ; and as foon as the magma becomes 
moderately dry, he pours upon it, with the intervention of 
a float or fimilar guard, a cold faturated folution of fine 
fugar in cold water, about half an inch deep ; or, he takes 
off the faid magma down to the furface of the lump, loaf, 
or mafs, left after the firft; paring, and remixes the fame 
with water to a thinner confiftency than laftmentioned, and 
again replaces it as aforefaid ; and he repeats the faid opera- 
tions by this magma, or with a cold faturated folution of 
finer fugar than that which he intends to refine, according 
to its nature or quality. He farther declares, that when 
the fugar proves extremely clofe-grained, and the furface 
extremely hard, an unfaturated folution of fugar, or even 
water itfelf, may be poured on it, without running in : but 
this procefs requires too much nicety for general practice. 
When the fugar proves open-grained, the finer the fugar, 
made into magma, is ground, the better, becaufe the moif- 
ture is thereby prevented from defeending too fad or un- 
equally into the loaf. It is not neceflary, that the fugar 
taken from the furface of the loaf fhould be ufed as magma 
or fyrup upon it. 

The fit time for terminating this primary operation is af- 
^ertained either by drawing from time to time one of the 
lumps, loaves, or mattes fo prepared, or by obferving the 
greater or lefs freedom with which new moifture is admitted, 
and the colour of the mclaffes dripping out. It is farther 
declared, that it is moft beneficial in condu&mg this procefs, 
to leave the temperature of the place or apartment in 
which the moulds are placed, previoufly to their being 
created with the magma, to about 6o°, and again to raife 
the fame to about 8o° or 90°, after the furface of the leaf 
becomes dry for the laft time. It will be neceflary. in 
every cafe of the percolation of melattet or fyrup, to pierce, 
perforate, or break the dry furface of the mafs of fugar in 
the moulds, when it is become fo folid >r iced over as to 
prevent the accefs or efcape of the air into or out of the 
fugar, and thus to impede or prevent the flow of the me- 
laffes or fyrup. 

This primary operation being finiftied, the operator does 
in the tifual manner break or draw out the lumps, loaves, 
or mafic*, and feparate the net or good fugar from that 
which retains melafles, referving this latter to be mixed up 
with raw fugar, for a fubfequent preparatory operation, 
fuch as has been already defenbed. The former is then re- 
fined by pouring upon it, in any convenient vcflel, ft lbs. 
of water (boiling-hot) to every 5 lbs. of fugar, deducing 
about 6 per cent, for the moillure previoufly contained in it; 
and having infured a perfect diflolution of the fugar, by 
ftirring, the impurities are allowed to fubfidc, and then the 
folution is drawn off from the faid impurities into another 
clean fuitable veflel ; and in order farther to clarify and 
feparate impurities and colouring matter, the ordinary fin- 
ings are added. Thefe finings are prepared by flaking well- 
burned lime with bailing water, fo as to obtain a cream of 
lime; to this is added about an equal bulk of water, and 
the mixture is boiled for fome minutes, until the lime aflumes 
the appearance of fine curd: the extraneous matters or 
lumps, always contained in lime, are f-paated by wafhing 
over, or, as the chemifts term it, by *he procefs of elutri- 
ation ; and that this may be done effectually, the lime and 
liquor fo walked over, are made to pafs through as fine a 
fieve as will admit the pattage of thp fineft curds. The 
next part of the procefs is to diflblve about 2^ lbs. of 
alum for every cwt* of folid fugar that is to be refined in 
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about 1 6 times its weight of water, and to add to fuch folu- 
tion about 70 Or 80 grains of whiting for each pound of 
alum ; and after ftirring up the mixture till the effervefcence 
ceafes, the fufpended Jubilances are allowed to fubfide, and 
the folution is drawn off from the precipitated matters, and 
then are put into it the prepared lime-curds, fhook up with 
the water they retain (the whole being agitated during the 
effufion) in fuch auantity of the curds, fo that paper (tained 
with turmeric fhall barely change its colour by immerfion in 
the mixture, and fhall recover its former yeilownefs when 
dry, and fhall, by immerfion in the clear (upernatant liquor, 
after fubfidence, be fcarcely changed at all. The finings, 
thus duly prepared, are funered to fettle to the bottom of 
the containing vcflel ; and after draining off the fupernatant 
liquor, the laid finings are placed upon blankets, lupported 
in the manner of a filter, and the moifture is drained off till 
the mafs begins to contract, and feparate by cracks in it ; 
and in this laft It ate the faid finings are fit for the clarifi- 
cation of the fugar laii drawn >-fl, as above deferibed. 
Such a quantity of that folution, or of any other fimilar 
folution of fugar, is added by degrees, and with ftirring, 
as will bring them to an uniform creamy ftate. This mix- 
ture is then poured into the whole quantity of the faid 
fidution of fugar prepared or intended for clarification as 
aforefaid, with fufiicient agitation for difluliug the finings 
equally. 

The refined or clarified fugar is then fuflered to remain, 
cither during the night, or for about fix hours, and the 
bright liquor drawn off from t lie finings, in the ufual me- 
thods ; and an evaporation ib commenced and carried on at 
the temperature of about 200°, which i» belt effe&ed by the 
heat of fleam, or water under the common preflure of 
the atmofphcrc, until the hot liquor fhall have acquired a 
fpecific gravity of about 1.37 (that of water being 100), 
and in thi* Hate the fame is transferred to any convenient 
veflel, and ftirred frequently, until it aflume the proper gra- 
nular confiltcnce to fill the moulds, and accordingly the 
moulds arc filled with it. The Hoppers are then taken out 
from the moulds as foon as they become cold, and the fyrup 
naturally contained in the lump, loaf, or mafs, is allowed 
to run off from it in the ufual manner : during the laid ope- 
ration, and when the iyrup has left the upper furface of the 
lump, loaf, or mafs, the fame is pared down, as before de- 
feribed ; and if the fugar appear fufficiently fine for the in- 
tended confumption or market, it is taken cut of the mould, 
after it ceafes to drip, in the ufual manner, the fmaller end 
of the loaf not clear of fyrup being cut off ; and it is then 
dried in the ordinary mode. But if the lump or loaf be not 
fufficiently white, the fugar before pared off the furface is 
mixed up to a magma with water, as in the primary opera- 
tion. If the loaf, as above prepared, be not fufficiently 
denfe or clofe in its grain to fatisfy the confumer, the loaf, 
previoufly to drying, is remoulded, according to the ufual 
pradice, by ftamping the grains into a metallic or other 
mould, which will immediately redeliver the fame. If it be 
required to retain the point of the lump, loaf, or mafs, 
without returning the fyrup contained in that point upon its 
body, this defideratum is effected by the appendage of a 
pipe, applied and fixed to moulds of the ufual conftru&ion, 
having tne aperture enlarged to one inch at the leait, or to 
form part of a new mould, which is to be fabricated on pur- 
pofe ; then the lower portion of the fugar is taken off, which 
will be contained in the faid pipe, along with the redundant 
fyrup, inftead of taking off the point as ufual. 

To the firft of the liquors left in the two citterns or other 
veffels which contain the infoluble impurities, is added 
about its bulk of boiling water, and it ii then patted through 
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«i cloth fufficiently clofe in its texture for retaining the grofs 
impurities ; and the fecond liquor, containing the above- 
defcribed finings, is added, abftra&ing from them, by wafh- 
ing and fubfidence, all the fwcet they contain ; which fweet 
liquor is ufed for magma. The fyrups, which drain from 
fugars which have been fubje&ed to the a&ion of finings, 
may be evaporated without any addition, provided the boil- 
ing temperature be avoided by means of the fteam or water- 
bath above-mentioned ; and fuch fyrups will, by fuch treat- 
ment, afford ftrong cryflals a fecond, third, or even fourth 
time. Or, otherwife, fugar remaining from top-parings, 
cut-off points, or any other remnants, may be melted in 
them, upon the water-bath, to bring the fame up to their 
cryftallizing denfity or granular con fiftency : and the inferior 
fyrups may be advantageoufly mixed with mufcovado fugar 
inftead of water, in the manner ftated in the account of the 
primary operation. 

The lumps, loaves, or mafi'es of fugar which have been 
refined by the ufe of the ordinary or common finings, or any 
other fugars in a forward ftate of refinement, may be far- 
ther refined by the application of other finings, prepared in 
the following manner ; vim. by diffolving about three pounds 
and a half of alum for every hundred weight of folid fugar, 
in about fixtecn times its weight of boiling-hot water, and 
adding to fuch folution about feventy or eighty grains of 
whiting for each pound of alum ; and after ftirring up fuch 
mixture till the effervefcencc ceafes, allowing the fufpended 
fubftances to fubfide, and drawing off the folution, pouring 
into it (inilead of the lime-curds in the ordinary finings) a 
concentrated folution or ley of cauftic foda, until the agi- 
tated mixture (hall produce a very flight {lain upon turmeric 
paper ; and then adding to it the faireft water, wafhing the 
precipitate by alternate diffufion and fubfidence, until the 
water comes off taftelef6, and then drawing off or draining the 
remaining water from the finings, as before described. The 
water is often purified by the well-known procefs of boiling 
it with a fmall quantity of alum, and a little lime or chalk, 
taking care to leave no excefs of cauftic lime in folution. 
It is obferved, that a compound of lime and alumine would 
anfwer the purpofe of the firft finings, and that pure alu- 
mine, howfoever obtained, will anfwer the purpofe of 
the fecond finings : and that cauftic lime is preferred to 
potafh, becaufe the fait refulting is moft eafily wafhed 
away, and to ammonia, becaufe this laft is an article of 
great price. In the fpecification it is added, that the 
fuperior degree of refinement in folid fugar (already refined 
to a forward ftate) is produced by diflolviRg the fugar 
intended to be refined, in the faireft water (boiling hot), 
in the manner and proportion already deferibed. Subse- 
quently to his preparatory operation, and immediately upon 
the folution being cffe&ea, the patentee mixes and diffufes 
his fecond finings as the firft finings were directed to be 
mixed and diffufed, and after due clarification by repofe, he 
proceeds to the evaporation and fubfequent completion of 
the fugar in loaves, as before dire&ed and preferibed in like 
cafes. He farther declares, that in the application of heat 
to the refining of fugars, he makes ufe, in certain circum- 
ftances, of higher temperatures than thofe ftated (although 
lefs beneficial), taking care to preferve an uniformity in the 
application of the heat to the furface of the boiler. For 
temperatures above the boiling point of water, he makes his 
fleam-batl ftrong, and capable of being properly clofed, 
and provides the tame with a feeder under due preffure, or a 
forcing-pump for feeding, and a fafety-valve and pipes of 
communication, cocks, and gauges, and all or any of the 
needful fittings-up, which are commonly ufed with fleam- 
boilers. It sa farther remarked, that if it be required to 
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ufe the ordinary or common finings to very coarfe moift 
or deliquefeent fugars, it will be neceflary to add a greater 
proportion of the lime-curds than that which has been pre- 
feribed with regard to fugars partly refined by percolation 
or otherwife ; and making the faid addition, the judgment 
of the operator muft be dire&ed by the quality of the faid 
coarfe moift or deliquefeent fugars. The patentee further 
declares, that his invention, and the feveral manipulations 
of it, may be pra&ifed, wholly or feparately, without or 
in conjunction with the methods of refining lugars already 
in common ufe. Mr. E. C. Howard obtained another 
patent, dated Nov. 20th, 1813, for certain improvements 
m the procefies deferibed in the patent granted to him Oc- 
tober 31ft, 1812, and certain apparatus for carrying the 
fame into effect. 

A patent, dated May 8th, 1815, was granted to Peter 
Martineau the younger, of Canonbury-Houfe, Iflington, and 
Jokn Martineau the younger, of Stamford-Hill, gentleman, 
for a new method or methods of refining or clarifying cer- 
tain vegetable fubftanccfi. In their fpecification they de- 
clare, that if their invention, fo far as relates to animal char- 
coal, be applied to vegetable acids, fuch as are ufually pre- 
pared or maruifa&ured in a cryitallized ftate, or other ve- 
getable fubftances, the procefs ftiould be the fame as is 
hereafter deferibed, excepting only that as blood may be 
advantageoufly ufed in refining fugar, it is not necclfary for 
refining other fubftances, from which the articles which they 
employ may be feparated by filtering in common and well- 
known methods. 

The articles employed by the patentees for purifying and 
clarifying fugar, are, ift, animal charcoal; that is, animal 
fubftances, properly burnt, or charred, or calcined, fuch 
as ivory-black, bone-afti, & c. and afterwards reduced 
into fmaller pieces or powder. 2dly. Bituminous earths, 
commonly called coals, either in the ftate in which they ar« 
mined, or articles of their produ&s after fufion, and reduced, 
as before-mentioned. 3dly. Certain argillaceous earths, 
known by the name of ochres. 4thly. The vegetable char- 
coal, ufually called lamp-black. The firft-mentioned ar- 
ticles, however, are preferred in the procefs of refining and 
clarifying fugar, which render the fugar fo clarified much 
whiter than by the heretofore common method of clarifying. 
The following method of applying the above-mentioned 
fubftances is preferred. We charge, fay the patentees, or 
fill our boilers or pans with fugar and water, or lime-vrater, 
as in the common and well-known methods of refining fugar, 
only fometime8 preferring to add a little more water or lime- 
water than in the common mode of refining, as it generally 
more eafily and effeftually feparates the animal charcoal, or 
other fubftances, from the liquid fugar. And we alfo add to 
the above fugar and water in the boiler the fubftances before- 
mentioned, in any quantity, according to the quality of the 
fugar to be refined or clarified ; though we generally prefer 
from two to five pounds of charcoal or carthsbefore-mcntioned, 
to and for every hundred weight of fugar to be refined or 
clarified. And, farther, we pour into the boiler the ufual 
finings of eggs, blood, or other albuminous matter, in rather 
larger quantities than in the ufual mode of refining, in order, 
in fome degree, to coagulate and combine the animal char- 
coal, or other fubftances, with the dirt contained in the 
fugar. We now well ftir up and agitate the liquor in the 
boiler, in order that the animal charcoal, and other fub- 
ftances, may have the greater effedl in blanching the liquor. 
And after the coagulated albumen has completely rilen in 
the form of feum by the application of heat, in the ufual 
way, we either fkim it off* as in the common procefs, or we 
pour the whole of the liquid fugar and feum into and upon 
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the ufual or any other known filter, when this clarified 
liquor is completely feparated from the albuminous matter, 
as well as from the animal charcoal, or other fub (lances em- 
ployed ; taking care to return back into the filter the firft 
runnings v of the faid liquor, if not quite feparated from the 
above jubilance ufed. And, further, we proceed in the 
ufual manner to evaporate, granulate, and refine, the faid 
liquid lugar fo clarified. And, further, we boil over and 
filter our feum in the ufual manner. We further declare, 
that the fugar fo clarified and refined is preferable to fugar 
refined in the heretofore common mode, inafmuch as it is 
purer and whiter. And we further declare, that the fyrups 
obtained by this proccfs have not that tendency to ferment 
which the fyrups have which arc produced in the heretofore 
ufual method. 

A patent, dated June 22d, 1815, W3R granted to John 
Taylor of Stratford, in the county of Ellcx, manufactur- 
ing chemilt, for a method or methods of purifying and re- 
fining fugar. The patentee, in his fpecification, declares 
that his invention is applicable to the purification and im- 
provement of raw fugars, if employed in the original manu- 
facture in the Welt Indies ; or that the faid raw fugars, as 
now commonly imported into this country, may thereby be 
improved in quality here, fo as to render the fubfequent 
operations of refining lefs complex and expen five than when 
raw fugar not fo purified is employed. The patentee Rates 
the nature of his invention to be as follows : “ I have 
found that the melafles and other foluble impurities con- 
tained in raw fugar may be feparated therefrom by mechani- 
cal means, without the ufe of heat ; and that by abltraCling 
thefe from the raw fugars, the injury caufcd by their mixture 
with the refined fugar in cryftallizmg is avoided. For puri- 
fying raw fugan according to my invention, it mult lirll be 
brought to a moill Itatc ; and if the procefs be employed in 
the original manufacture in the Welt Indies, the degree of 
Hioifture at which the fugar will be upon draining a fhort 
time after it is taken from the coolers in which it is cryflal- 
lized, will be fufiicient. But if my faid invention be prac- 
tiled in this country on fugars as dry as they are ufually im- 
ported, they will require to be mixed with a certain propor- 
tion of cold water, or lime-water. This proportion may be 
varied according to the opinion of the operator and the 
quality of the fugar, and will readily be determined by trial, 
as no exad rule can be laid down for each cafe : — in gene- 
ral, the proportion of water may be from one-eighth to onc- 
tenth of the weight of the fugar. The fugar and water 
are to be well mixed in any proper vefiel, and the whole is 
then to be fubje&ed to preflurc, carried to fuch a degree as 
to exprefs all the fluid part therefrom, which will be found 
to contain the melafles and foluble impurities, and a certain 
quantity of fugar in folution ; and the fugar, if the preflu re 
be fufiicient, will be rendered dry, and much improved in 
colour and appearance. 

“ I further declare, that though my invention may be 
carried into cffeCt in a variety of ways, by ufing prefles of 
various conltruaion, and by expofing the fugar to prelfure 
in a variety of modes, yet that the following operation is 
the one which by preference I adopt. After the fugar has 
been mixed with water, or other wife moiitened, 1 inclofe it 
in ilrong linen or woollen cloths, each of which is cut about 
thirty inches fquare, and being laid over a wooden box 
twelve inches fquare and two inches deep, fome of the 
moiftened fugar may be prefled in, and the cloth folded 
round it fo as to form a fquare cake. A prefs is to be con- 
ftru&ed with a platform, capable of containing at leaft four 
piles of thefe cakes, which may be arranged fo as to Hand 
at a certain height, and may then receive a degree of pref- 
Vol. XXXIV. 
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fure, which will caufe the fluid part to flow out, and which 
is to be received in a copper pan, fixed upon the platform 
of the prefs, and furnimed with a fpout, to convey the ex- 
prefled fyrup into a receiving vefiel. While thefe cakeB are 
prefling, another fet is to be got ready, and the firft having 
been hardened with prelfure, may be adjufted fo as to keep 
the piles upright, and the frefh cakes fet upon them, and 
fo expofed to preflurc. In this way a confiderable quantity 
of fugar may be got into a prefs, and, after having been 
moderately hardened, the whole fhould be taken down, and 
again fet up, and expofed to a higher degree of preffure, 
which will render the whole dry, and of uniform good 
colour and appearance. 

“ I further declare, that any machine cr apparatus w ca- 
pable of applying prelfure to fugar, either vertically or 
horizontally ; and whether the fugar be inclofed in cloths, ai 
I have deferibed, or in bags, or in cafes, frames of wood, 
metal, or other materials, may be ufed for the purpofe of 
my invention ; but that I prefer the mode I have herein 
pointed out ; and that I have found the hydroftatic prefles, 
and commonly known by the name of Bramah’s prefles, 
moll convenient for the purpofe. 

“ And I further declare, that the fugar prepared and puri- 
fied in the way I have deferibed is much improved, and may 
be refined into lump-fugar by any of the procefles for that 
purpofe, and with lefs cxpence and trouble, and in lefs time, 
than is required for raw lugar not fo purified. And further, 
that if my faid invention be applied to the original manu- 
facture of fugar in the Weft Indies, the fugar fo prepared 
will be fit for immediate Ihipment, as all the time required 
for draining and drying will be faved, and all danger of fer- 
mentation prevented. 

“ And 1 do further declare, that the fugar contained in 
the ex prefled fyrups may be obtained therefrom by the ufual 
procefles of evaporation, and from its not being injured by 
the ufual application of heat, is capable of being made into 
an inferior fort of refined fugar.” 

Sugar, Barley , faccharum hordeatum , is a fugar boiled till 
it be brittle, and then call on a ftone anointed with oil of 
fweet almonds, and formed into twilted flicks, about the 
length of the hand, and the thicknefs of a finger. 

It fhould be boiled up with a deco&ion of barley, whence 
it takes its name ; but, in lieu of it, they now gene- 
rally ufe common water, to make the fugar the finer. To 
give it the brighter amber colour, they fometimes call faf- 
fron into it. It is found very good for the cure of colds- 
and rheums. 

Sugar -Candy, Saccharum Candum , or Cryjlallinum, is 
fugar depurated and cryltallized, and differs from common 
fugar in being much harder and tranfparent. See Candy. 

The fugar to be ufed in this procefs is firft diffolved m a 
weak lime-water, then clarified, feummed, ftrained through 
a cloth, and boiled, and put in forms or moulds, that are 
traverfed with little rods, to retain the fugar as it cryftal- 
lizes. Thefe forms are fufpended in a hot ftove, with a 
pot underneath, to receive the fyrup that drops out at the 
hole in the bottom, which is half-ftopped, that the filtra- 
tion may be the gentler. When the forms are full, the 
ftove is rnut up, and the fire made very vehement. 

Upon this, the fugar fallens to the flicks that crofs the 
forms, and there hangs in little fplinters of cryftal. When 
the fugar is quite dry, the forms are broken, and the fugar 
is taken out candied. Red fugar-candy they make, by 
calling into the veffel, where the fugar is boiling, a little 
juice of the Indian fig ; and if it is defired to have it per- 
fumed, they call a drop of fome effence in, when the fugar 
is putting into the forms. 
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This method of making fugar-eandy is that of F. Labat, 
pradtiled in the Caribbees. 

The method among our manufacturers is as follows* A 
ftove is let apart for this purpofe, the entrance into which is 
in the ground finor, and as near as poflible to the pans ; and 
the top is ufuaily from ten to fourteen feet above the ground, 
and covered like the top or crown of an oven. Beams are 
fattened into the walls, at the di dance of about twenty-fix 
inches from each other, and fufficient to bear a very large 
weight : upon which ftrong planks are laid when they are 
wanted, and upon the planks the candy-pots are fet : when 
the Itove of candy is finilhed, the planks are removed. The 
pots are ufually made of thin copper, without feet, and with 
an iron rim round the top, to ftrengthen them : the bottoms 
are hammered into the molt perfedt flatnefs, that they may 
Hand firm and tteady : they are perforated in rows on two 
tides with holes about one-tenth of an inch in diameter. 
According to the old method of piercing, the holes were 
very clofe laterally, and the candy of each firing united 
with that of the next, and the whole formed a ftrong cake : 
but according to the improved method, the holes are kept at 
a proper di fiance apart, i. r. at the difiance of one inch 
and a half in the upper rows, and widening downwards to 
two inches ; and the candy is formed in diftindl bar 1 ', more 
convenient for package and fale, and much more beautiful 
than the former. 

When a Hove of candy is intended to be made, the eoc- 
kell Ihould be moderately heated, at leall twenty-four hours 
before the operation begins ; and the candy-pots arc ftrung, 
i. e . a coarfe white thread is drawn by a needle through the 
fir ft hole of the bottom row, and the end being fattened 
there, the thread is led acrois the infide of the pot to the 
oppofite hole, and continued from fide to fide, till that row 
is finilhed : the next row above it is then ftrung in the lame 
manner, &c. till every row is finilhed. The pots, being 
all ftrung (wz. about forty to each pan of fugar), muft be 
patted, i. e. the holes muft be Hopped either by palling 
papers over them on the outfide, or by brufhing any glu- 
tinous matter over the outfide. When the ftoves and pots 
are ready, the workman places five pots upon the pavement, 
beginning either at the right or the left-hand corner of the 
ftove oppofite to the cockell. 

The management of the pans is nearly the fame as has 
b»eti deferibed under Refining of Sugar, with feme fmall 
difference. The fugar intended for candy fhould be cleared 
with lefs water than other goods : the lime-water for brown 
candy Ihould be of the greateft ftrength ; and the work- 
man endeavours to extract the feum as foon as pofiible, be- 
caufe it is imagined that the ftrength of the fugar may be 
impaired if it be fuffered to lie too long diffoived. No 
feura is ever incorporated with the lugar intended for candy ; 
indeed four or fix gathering-pots to a pan are fometimes 
taken ; but it is apprehended, that it would be better to 
omit even this. The fugar melted for candy Ihould be the 
(Irongeft that can be obtained. 

When thefe precautions have been obferved, let us ima- 
gine the fugar cleared off and Ikipped into the cittern. The 
panman pumps back about the ufual quantity : the boiler 
carries the evaporation to the point he judges proper ; and 
it is immediately (kipped off into bafons, which are carried 
diredtly to the Itove ; and the pots are then filled in the fol- 
lowing manner. The fill-houfe man receives the firil bafon, 
and pours its contents into N° i, proceeds to N° a, and fo 
on, till he has reached N° C ; and then proceeds to fill N° 5, 
4, 3, 2, and 1. When this fet is filled, the fill-houfe mail 
goes on till he has covered the whole pavement : he then 
lays two planks upon the lowed beams, and places a feries 
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of pots upon the farther one, (landing upon the other to 
fill them : he then lays down another ftrong plank, and co- 
vers that on which he ftood, and fo proceeds to build up 
row after now, till the whole is finilhed. In the whole pro- 
grefs of this bufinefs he moves (lowly and cantioufly, and 
caufes all the doors to be (hut, fo that no currents of air 
may approach him ; as ftillnefs is of the greateft confequence, 
and the leatt concuflion of the air is fumcient to ditturb and 
break the cryftallization. When the pots are filled, tli? 
ftove-door is faftened up, and covered with a blanket, or 
flopped with wet clay. The cockell is Itoked to fuch a 
degree, that the candy may Hand in a blood-heat ; at the 
end of fix or feven days, the cryftallization of brown candy 
will he complete. The pots are then removed from thr 
planks and the floor, and the operation commences, which 
is called firring, or l^ahingup a ftove of candy. Each p>;t 
is brought to the fide of a cooler, upon which, over a frame, 
a clean balket is laid, into which all the fugar that lias not. 
cryitallized poured off, 3rd along with it the crujl> which is 
a coat of candy, that had formed itfelf upon the lurface : the 
lyrup or uncryftallized fugar runs through the bafket into 
the cooler, but the cruft remains in the balket, in which it if. 
walhed and dried, and afterwards packed for fale with the 
candy. As loon as the fyrup is poured off, the pot is 
brought to the fide of the pan, and ladle 3 of clean water., 
blood- warm, are poured in till it be nearly filled ; the pot 
is then fmartly (hook round, and the water is returned into 
the pan. The candy being thus worked, the boiler ex- 
amines it. If it be iliong and good, it prefents a beautiful 
appearance ; the fides of the pot are every where covered 
with a coat about half an inch thick, the front of which is 
cut in Harry forms, reflecting the light in various directions ; 
and upon cvrry line the cryftais fallen in the moft varied 
and capricious forms. If the pots were pierced, as the)' 
formerly were, lo that the firings might lie but an inch 
afunder, the candy of each line would then run into the 
next, their fides become united, and the whole form a ftrong 
cake, not to be ieparated without force : but the modern 
improved pots are lo pierced, that the cryftais are fufpended 
upon every thread in diftinCt bars, without either lateral or 
perpendicular cohelion. 

The wattling above deferibed is neceffary to cleanfe from 
the face of the cryftais every particle of fyrupy matter, 
which would otherwife occafion a clamminds in the candy, 
and oh fc ure its luftre. After wattling, each pot is turned 
down into a cooler or other receiver, to drain, and when 
they arc wattled and drained, they are again put into the 
iiove to be dried ; for this purpofe they are placed in the 
Itove attant, retting againlt the wall, or againtt each other, 
wuth the mouth downwards ; and under each pot is placed a 
fmall earthen pan, called a candy Jafott, to receive the re- 
maining moiilure which will drip from them : the ftove is 
again faftened up, and the cockell lloked, fo as to produce a 
fierce fie, which muft be well kept up for three days : at 
the end of which time the candy will be dry enough to quit 
the pot ; they are therefore taken out of the Itove, and 
turned down upon the floo r , previoufly covered with clean 
paper ; and with a little ftmking, or a genti«* blow, the whole 
mafs of candy quits the pot, retaining the form of it com- 
plete : and then the candy is returned to the ftove for the 
third and lalt time, where in three or four days, with a 
good fire, it will become perfe&ly dry, and fit for fale. It 
is generally packed m boxes of about fifty-fix pounds each : 
at the bottom of the box is a layer of the bottoms of the 
pots, w hich have the leait beauty or fmenefs ; then a courfe 
of bars of candy, upon that a Itratum of cruft, and fo ou 
to the top of the box* fmilhing with bars of the handfomelt 
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candy, neatly laid with the face upwards. At the bottom 
of the candy there are often found maffes of fugar which 
hath not yet cryftallized, but is become concreted in fmall 
round grains, of a lighter colour than the candy ; this is 
called foot t and is either fold at a lower rate, under the name 
of candy-foot , or melted with other fugar, for the making of 
lumps and loave*. The fyrup of candy is fit to be taken 
copioufly with raw fugar in lump-boiling. The walkings 
and the drips from the bafon are applicable to the fame 
ufe?. 

White-candy is made like the former, but from fine lump 
or loaf fugar, cleared as for double loaves. It is boiled to 
lower proof ; fiands in a milder warmth ; forms in three 
days inilead of feven ; and the value depending upon the 
whitenefs, it mult be managed with the utmoll delicacy in 
every Itage of the procefs. 

The brown fort cryftallizes as regularly as the white, but 
becomes clammy and deliquefeent in a damp air, whereas 
the white candy remains always dry. On account of its fu- 
perior hardnefs, it is lefs eafily foluble than the loaf-fugar, 
and would be excellently calculated for preferving all ve- 
getable food, if the price was lower. The foie difference 
between the white candy and the fined loaf appears to be in 
the form, which in the candy is the natural faline form of 
fugar, but in the loaf is granular, owing to the agitation 
given to it for this exprefs purpofe whilft cooling. The 
molt common form of the regular cryttals of fugar-candy is 
an oblique four-fided prifrn, terminated by dihedral fummits. 

White fugar-candy, and :ilfo fugar, are uied as ingredients 
to render water a vehicle for colours in miniature-painting. 
The intention of uiing them is to prevent the colours from 
cracking when mixed with gum-arabic, and alfo to make 
the gum-water work more kindly with the pencil* See 
Starch. 

Sue; A w-Houfe, is a brick or done building, conftru&ed 
for a fugar-rclining manufactory. A houfe intended to 
contain one or two pans fhould be fquare, or nearly fquare : 
but a houfe of larger dimenfiona ought to be of an oblong 
form ; as it may be conveniently heated, by placing the 
chimney of the Hove and of the pans at oppofite angles. A 
houfe to contain one pan fhould confitt of fix floors bclides 
the ground-floor; the di mention about twenty-feven feet 
fquare ; a two-pan houfe about thirty-fix feet by forty feet : 
a houfe of four pans, about forty feet t-y lixty or fixty-five 
feet. The Hove is a brick building from eight to fourteen 
feet fquare, ufually placed in one coiner of the building. 
The height of the feveral (lories fhould be as follows ; the fill- 
houfe, or ground-floor, nine feet below the girders ; the next 
floor above it, called the nuarehoufe , of the fame height ; 
and every other floor upwards, fix feet at molt between the 
girders and the floor. In every floor mu ft be left an aper- 
ture, through which a rope is fufpended upon a brafs pulley 
on the uppermolt floor for drawing up the fugar?. : and pro- 
vided due attention be given to the flrcngth of the build- 
ing, and to the exclufion of damps and a cold air, a fugar- 
houfe cannot be rendered too light. The utenfils necdlary 
to a fugar-houfe are of copper, lead, iron, carpentry, back- 
maker’s work, wicker-work, pottery, & c. The copper 
utenfils are the pans, coolers, citterns, fyrup-pipes, batons, 
ladles, (kimmerss, and, in fome cafes, candy-pots, &c. 

The pans are ufually made of a conical form, from five to 
fix feet diameter at the top, decreafing to a diameter of about 
two feet fix inches, or three feet. The coolers are veflels of 
thin copper, of fix feet in diameter, and about twenty 
inches high : the number of pans and coolers is ufually the 
fame. The clarifying cittern is a large receiver, either of 
copper or lead, placed as near as poffible to the fides of the 
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pans, and capable of containing at lead one-third more 
than the contents of all the pans colleaively. The fyrup- 
pipes are tubes of four inches diameter, made of thin cop* 
per, or tin-plates, and fufpended perpendicularly over the 
clarifying cittern, from the tipper floor through the whole 
building. The bafons are veflels containing from four to 
fix gallons each, in which the boiled fugar is carried from 
the pans to the coolers, and from the coolers to the moulds. 
The ladles are of feveral fizes. Skimmers arc of fourteen 
inches diameter, pierced with holes like a cullender ; and 
likewife a fmall one of the fame kind. Cullenders are of 
eighteen inches diameter, and fourteen inches deep, through 
which the clay is to be drained : and there is alfo another, 
which is fmaller, for the purpofe of draining fpice. 

The leaden utenfils and plumbers’ ware, are fucli as fol- 
low : the bench is a ledge about one foot broad, running 
before the pans, and rifing in front, by which it is capable 
of receiving the fugar which is fpilled before the pans. The 
fcum-cittcrn is a wooden receiver, ufually lined with lead, 
and nearly a& large as the clarifying cidern. 

The water-pipes are a pewter or hard metal pipe from 
the lime-cittern to the pans, and leaden pipes for the con- 
veyance of common water or liquor to the pans, and to the 
lime-citterns. The pumps are a copper pump fixed in the 
clarifying cittern, and a fpare pump of the fame kind. 

The iron-founder fupplies bars of a triangular form, to 
be laid under the pans, and the cockell, which is an iron 
trunk, uied to dry the goods in the dove ; and alfo iron 
doors, ttove-doors, and pan-doors, &c. 

The carpenter raifes the deam-vent over the pans, which 
is a hood of thin board, fo formed as to condud the fleams 
to the two brick funnels, which are led up on either fide of 
the pan-chimney to the top. He alfo furnifhesthe racks of 
the ttove, a trough to convey the fugar from the pans to the 
Cittern, and another to return it from the cidern to the 
pans, fyrup-ttools, blocks, cooler oars, &c. 

The back-makers fupply two or more tubs or backs for 
lirr.e-water, which are round, oval, or fquare, and whofc 
capacity varies from thirty to two hundred barrels. The 
liquor-back, is any veffel large enough to hold a con- 
fiderable quantity of common water. The mould-cittern is 
a large oblong veffel, in which the moulds are foaked before 
they are ufed : it is ufually about four feet fix inches deep, 
and fhould be capable of containing at once as many moulds 
as are ufed in one day’s refining. 

The clay-citterns are fupplied cither by the back-maker 
or carpenter, and alfo the clay-dar, which is made of oak or 
elm, its club end being ttuck full of iron points ; its ufe is 
to macerate and fine the clay. 

The wicker-work confitts of rcfining-bafket6, feum- 
baffcets, pulling-up-bafkets, coal and clay-bafkctr>, &c. 

The fugar-mill i3 one of the moll iimple machines of the 
kind : the runner is fometimes made of cad-iron and fomc- 
times of ftone : the former is preferable, bccuufe a larger 
diameter and a broader furface may be had with the fame 
weight. The runner and the centre poll fhould have a brafs 
collet within them, for the iron fpindle to turn upon. The 
mill fhould (land on a folid foundation ; either on the earth, 
or on the centre of a brick or done arch. The veflels of 
pottery are of various fizes, and of two different forms and 
denominations, viz. pots and moulds. 

The conllru&ion of the pan-chimney requires peculiar 
attention ; it fhould be placed on iron bales, and the hori- 
zontal bars on which it refts mud be wrought in the walls 
of the building, and clenched down on the out fide. But 
the fett ing of the pans is the mod difficult work ; for it is 
neceflary that they fhould be fo fixed, as that the Hones, 
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which bum away under them three or four times in a year, 
fhould be taken out and replaced, without pulling down the 
whole work. 

After all, a principal confideration in the conftru&ion of 
a fugar-houfe, is the obtaining a fufficient degree of heat. 
Various degrees of heat are required for different forts of 
goods, and occafionally for the fame fort; accordingly 
each floor may be made more or lefs warm, as the cafe re- 
quires. The heat is introduced through the pan-chimney, 
the ftove-chimney, and fometimes through iron or brick 
flues raifed on purpofe. It is communicated from the 
chimnies by (hutting the regiller-plates, after the fires are 
extinguifhed, or when they are nearly out, and the remain- 
ing allies are perfectly clear. After (hutting the regifter- 
plates, the fmall iron doors (one of which is fixed in the 
chimnies both of the cockell and the panB upon every floor) 
are opened, to convey heat where it is wanted. 

Labourers in fugar-houfes are very fubjedt to dyfenteries ; 
the vitrum antimonti ceratum is an effe&ual remedy in thefe 
cafes. 

Sugar-/#//, a machine ufed in the Weft Indies to prefs 
out the juice from the fugar-cane, as briefly defcribed 
under our article Sugar, fupra. The fugar-mill is a very 
Ample machine, confifting only of three vertical rollers 
mounted in a frame. The power is applied to the centre 
one to turn it round, and all the three are made to turn to- 
gether by means of cog-wheels. The canes are introduced 
between thefe rollers, which as they turn round draw in the 
canes and give them a very violent preffure, which is fuf- 
ficient to extract the juice and leave the canes dry. 

Sugar-mills are worked by cattle, wind, or dreams of 
water 5 and fince the improved fteam-engines of Mr. Watt 
have become general, many fleam fugar-mills have been fent 
out to the Weft India plantations. In fituations where a 
fall of water cannot be obtained, thefe are preferable to 
cattle-mills or wind-mills ; for if cattle are ufed, an extra 
flock fhould be kept on purpofe, becaufe the regular cattle 
of the plantation are fully employed at the fealon of cut- 
ting the canes. The operations of the mill fhould be car- 
ried on conftantly in a regular manner, until the whole crop 
is finifhed, or there will be danger of the juice fermenting 
in the canes, if the machinery is not fufficiently powerful 
to extract the juice from the canes as faft as they are 
brought in from the field in bundles. For this reafon wind- 
mills are very obje&ionable, as no dependence can be placed 
upon them for fulfilling their allotted talk in the required 
feafon. In many wind-mills levers are provided, to which 
mules or oxen can be harneffed, to work the mill when the 
wind fails, the machinery of the fails being then detached. 
But this expedient takes off the cattle from their regular 
field employment. A water-mill, or fleam-engine, is free 
from thefe obje&ions ; and if it is fufficiently powerful, the 
whole produce of a plantation can be preffed, and the juice 
obtained ready for the boiling-houfe, in fo fhort a time that 
the juice will be quite frefh. There are fome water-mills in 
Jamaica, fufficiently powerful to grind as many canes in a 
week as will make thirty hogfheads of fugar. 

Plate Sugar-Mill contains two views of a fugar-mill 
to be worked by fleam. K reprefents the axis of the 
crank of the fteam-engine, and 1. the fly-wheel ; I is a 
pinion, fixed upon the end of the axis K, and turning the 
targe cog-wheel H, which is faftened upon the extremity of 
the horizontal axis G. The beams M, which fupport the 
pivots of the two latter wheels, are built into a wall, which 
may be confidered as the wall of the houfe in which the 
ftetm-engine is placed. At the oppofite end of the hori- 
zontal (haft, G, is fixed the bevilled cog-wheel F, which 
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gives motion to the horizontal bevilled wheel E, fixed upon 
the top of the axis, D, of the middle roller B. The two 
other rollers, A and C, are placed on each fide of it, 
and all three are made to turn round together by a cog- 
wheel, S S S, at the upper end of each. The rollers are 
mounted in an iron frame, confifting of two horizontal frames, 
P P, Q Q, fuftained by uprights O, O, and the openings 
of the frames P, Q, contain the brafs bearings for the pivots 
of the three rollers, which brafles arc adjuftable by means 
of crofs keys, and wedges driven through openings in the 
frames, fo as to force the rollers towards each other, and 
retain them at a regular and invariable dillance. The fur- 
faces of the rollers are fluted, as is (hewn in the figure, with 
grooves of a fmall depth. Thefe make the rollers take a 
firmer hold of the canes to draw them in, and alfo facili- 
tate the running down of the juice from the canes into a 
pan or cillern, which is formed round them at the lower 
part Q Qi by a plate of iron upon the frame Q, turned 
up all round at the Tides ; and at one end there is a 
fpout, Q, to carry oft the juice into a pipe, which leads to 
the boiling-houfe. This receptacle for the juice forms a 
fmall circular channel or gutter round the lower edge of 
each roller, to receive the juice which runs down the furface 
of the rollers ; but a fmall raifed rim is carried round the 
centre part or pivot of each roller, the edge of which is higher 
than the furface of the liquor in the pan, to prevent the 
juice flowing down into the bearings of the lower pivots. 
The weight of each roller, which is confiderable, is fup- 
ported in a brafs Hep or bearing beneath the frame Q Q, 
as is {hewn by the dotted lines in Jig. 1 ; and in fome cafes 
fri&ion-rollers are applied beneath. The rollers are made 
of caft-iron, and hollow within ; the external furfaces are 
truly turned. 

The operation of the fugar-mill is extremely Ample ; the 
canes are made to pafs twice under the prefliire, fir ft be- 
tween the rollers B, C, and then between B and A. For 
this purpofe, the negro who attends and feeds the machine, 
takes the cancs in a nandful, and applying their ends be- 
tween the rollers B and C, the motion will draw the canes 
in between them, and they thus receive a firft p re flu re. 
Another perfon, who (lands behind the mill, and is called 
the returner, bends the ends of the canes as they come 
through, and holds them in contact with the furface of the 
centre roller B, fo that it will carry them round by its mo- 
tion, and introduce them again between the rollers A, B, 
where they will come out again in front, preffed dry from 
their juices. The fecond pair of rollers, A, B, are ad- 
jufted by the wedges of their bearings, fo as to be rather 
nearer together than the firlt pair, becaufe the canes are 
flattened and crufhed by the firft preflure between the rollers 
B, C, and require a ftili greater degree of preflure the 
fecond time. The fpace between the rollers is very fmall in 
either cafe, for the cancs are of a very foft fubftance, and 
they are fqueezed exceflively hard in pafiing between them. 
In the molt complete mills they employ what is called a 
dumb returner, inftcad of having a perfon behind the mill 
to return the canes. This is a circular piece of frame-work, 
or kind of fereen, which is fixed faft to the frames P and Q, 
and is made to encompafs the middle roller at the back. It 
receives the canes as they come through the firft time, and 
holds them in contact with the middle roller, till the ends 
return between the other pair of rollers. It effe&s this 
much more completely than the mod attentive returner can 
do. The canes which have paded through the mill are 
fqueezed completely dnr, and are fometimes even reduced 
to powder. This refute is called cane-trafh, and is ufed as 
fuel in the boiling-houfe. 
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Sugar-mills were formerly made of wood in the framing, 
and the rollers were made of hard wood ; afterwards they 
were covered with an iron cafmg. The belt mills are now 
made wholly of iron, which is a better material, bccaufe it 
will not fuffer the rollers to yield, and the canes which are 
prefented cannot efcape the full force of the preffure to 
which it is intended to fubje£t them. When the fugar-mill 
is turned by cattle, the axis, D, of the middle roller has a 
long lever fixed acrofs it, in place of the wheel E : the arms 
of the lever extend on each fide at lcait eighteen feet from 
the centre, for the cattle to draw from ; and to render the 
arms firm, the axis L is carried up to a confiderable height 
above E, and oblique braces of wood are extended from the 
extremities of each of the arms, by which the horfe3 or 
mule6 draw, to the top of the vertical axis, thus forming a 
triangle. Two mules are harneffed to’ each arm for the 
common fmall mills; but for a mill fuch as is reprefented in 
the drawing, four arms mull be provided, to admit of fix or 
eight mules to turn it. 

Some (ugar-mills have been made within thefe few years 
of an improved ftru&ure : the rollers are placed horizon- 
tally, and the centres of the three arc arranged in a tri- 
angle, two rollers being below and one above th^m, 
fo that the upper roller, to which the power is applied, 
touches the other two : in fact it refts upon them, and the 
returner is rendered unncceffriry, becaufe the two lower 
rollers are fo near together, that the canes pals from one 
to the other. This is not a new invention, as we find a 
drawing of it in Mr. Smeaton’s MS. papers entitled “ fu gar- 
mill, defigned for Mr. Grey in 1754, and fent by him to 
Jamaica, but not then executed.” This mill, which is on a 
large fcale, and has two feta of rollers, is worked by an over- 
fnot water-wheel, the axis of winch forms the upper of the 
three rollers at each end, and is for that purpofe cafed with 
a cylinder of iron : the other two rollers at each end of the 
wheel are placed beneath the axis, lo that it will reft upon 
them. The upper roller, therefore, anfwers to the middle 
roller of the common fugar-mill, and the two lower ones to 
the outfide rollers ; but the centres being arranged in a 
triangle, inftead of a liraight line, the two outfide rollers 
are brought as near together as they can be not to touch, 
which mutt not be, becauic their furfaces move in oppofite 
direftions. The two lower rollers are contained in a fmall 
cittern, which is to receive the juice ; and if the level of the 
water-wheel renders this cittern too low for the juice to run 
off to the boiling-houle, a fmall pump is applied to lift it 
int > a proper trough. This pump i v s worked by a lever and 
a pin, projecting from the Hi a ft of the water-wheel. The 
two lower rollers are turned round by means of a cog-wheel 
upon the end of each, working in cog-wheels upon the axis 
of the water-whetl and upper roller ; but it is neceffary to 
have two feparate cog-wheels upon this axis, becaufe as the 
two lowtr rollers are plated fo near together, the cogs of 
their wheels would touch ; and as this cannot be, becaufe the 
adjacent furfaees of the two lower rollers mutt move in con- 
trary directions, the cog-wheels upon the two lower rollers 
arc therefore placed in different planes, fo that they will fall 
fide by fide, and will not meet each other. The teeth of 
the cog-wheel upon the upper roller or axis of the water- 
wheel is made of double breadth, or has two feparate rings 
of cogs, one giving motion to each of the rollers. By this 
means the three rollers are all turned round in the fame di- 
rection, as in the common vertical mill. This occafions the 
two adjacent (idea of the two lower rollers to move in con- 
trary dire&ions. 

The advantages of placing the rollers horizontal are con- 
fidevacle. The weight of the water-wheel, as well as its 
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power of rotation* tend to keep down the upper roller 
upon its work. The feeding of the mill is rendered much 
more regular and eafy, and the canes are returned through 
a fecond preffure, without the aid of the returner. 

For the convenience of feeding the mill, a board or bench 
is placed in a Hoping direction, leading to the fpace between 
the firft of the lower rollers and the upper roller : upon thiv 
bench the canes are fpread in a regular and even layer, 
which is puttied forwards, and enters between the rollers, in 
the fame manner as a threttiing-mill is fupplied. The cancs 
as they pafs through are preffed againfl the furface of the 
back lower roller, becaufe the fpace between the two is not 
fufficient for the canes to fall through ; and the motion of 
the back roller raifes up the canes, and introduces them be- 
tween the back roller and the upper roller. This fecond 
preffure deprives the canes of all their juices, and they 
are received on an inclined board, which Hopes from the 
rollers fufficiently to carry down the cane-trafh into a heap, 
from which it can occafionaliy be carried away. A mill of 
this kind will do much more work than a vertical mill, 
for the negro mutt lofe time in feeding the canes between 
the vertical rolls, becaufe he can only prefent as many as 
he can hold between his hands ; but with a horizontal feeding 
board lie fpreads out a fufficient quantity of canes, and by* 
puflungthem forwards, prefents them to the mill as faft as it 
will take them in, and that at the fame time without ckoaking, 
becaufe he can arrange them in a layer. There is no advan- 
tage in placing the rollers vertically, which was originally 
done only with a view of making the moft convenient appli- 
cation of the power of the cattle. When a water-wheel is 
ufed, or a fleam-engine, the horizontal rolls are the moft 
convenient as well as the moll effective. When a water- 
wheel is applied to turn the common fugar-mill, the wheel 
E, at the top of the axis of the middle roller, is made twice 
or three times as large as reprefented in the figure, and it 9 
teeth downwards ; then a wheel, fimilar to the wheel F, 
gives it motion : this latter wheel is fixed upon the end of 
the axis of the water-wheel, but it is then placed beneath 
the wheel E, inttead of above it. 

Sugar, in Agriculture, is a material that is found to be 
prefent in many fubttanccs which are employed as the food 
of domettic animals, and upon which their power of nourifh- 
ing ami rendering them fat, 111 a great meafure, depends. 
It is afeertained to exitt, in a pretty large proportion, in a 
great number of plants and fubttances that are ufed in this 
w ay ; and its feeding or fattening properties in fuch cafes 
have lately been put to the tett and more fully proved, in 
confequence of the markets of this country having been fo 
much overftockcd with this fubltancc in its prepared Hate, 
from our pofTellions in the Well Indies. Various hints, pro- 
polals, and attempts, for bringing it into ule in this inten- 
tion, have been made ; and different limited trials have fully 
decided that it is capable of being employed for this pur- 
pofe with fuccefs ; but hitherto the want of proper regula- 
tions in regard to the duties that have been laid upon it in 
this country, have put a bar to any confiderable trials or 
undertakings in this way. Moft forts of the above descrip- 
tion of animals are fond of this fubftance, as well as the 
other matters which contain it ; and it is found to fupport 
and keep them in condition in an equal manner to moft 
kinds of grain, or other matter of that kind 5 but from the 
fmallnefs of the quantity employed, fome fort of diftending 
material is conftantly neceffary, fuch as hay, cut ftraw, 
chaff, or fome other fimilar bulky fubftance, in order to 
fill and diftend the ftomach in a proper manner. See Sac- 
charine Matter . 

It is obferved on the fame authority, that befides the 
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cryftallized and folid fugars, there appears to be a fugar 
which cannot be feparated from water, and which cxifts 
only in a fluid form ; and that it is this which conftitutes 
a principal part of mt-laffes or treacle, which has alfo been 
employed with fuccefs in fattening animals of the cattle 
kinds, in mixture with fome fort of diitending fubftances. 
See S Feeding*, and Treacle. 

Sugar, in Chemiftry and Medicine , denotes a cryflal- 
lizable efTential fait, of a fweet agreeable tafte, contained 
more or lefs plentifully in many kinds of vegetables, as well 
a b in the fugar-cane, which furnifhes the greateft quantity 
of it. 

Sugar, according to the experimental trials of fome, con- 
tains carbon, oxygen, and hvdrogen, nearly in the pro- 
portions of three of the firft, four of the fecond, and eight 
of the Jait. And the eflimates of others give the fame 
elementary parts, as in fubftances of the gum kind ; as 
eleven of carbon, ten of oxygen, and twenty of hydrogen. 

M. Marggraf has obtained fugar from the roots of fe- 
verai plants, as from carrots, parfnips, white and red beets. 
Among all the vegetables indigenous to the middle and 
north of Europe, which are fenfibly faccharine, the beet- 
root is found to exceed them all in the quantity of fugar 
which it contains: this was afeertained by M. Marggraf, 
in his experiments for difeovering fome native fugar that 
might ferve as a fubftitute for foreign fugar. ( Mem. de 
PAcad. de Berlin, for 1747 ) See Beta. Two methods 
were purfued by this accurate chemift. One was to dry a 
given portion of the vegetable, to boil it in rectified alco- 
hol, arid then keep the alcoholic lolution at reft for a time, 
by which the fugar will feparate in cryftalline grains. This 
mode, however, is much too expensive to be purfued in 
manufacture, but it ferves as an uieful indication of the 
comparative proportions of fugar in different vegetables, 
though the uftual quantity obtainable by the ufual mode of 
manufacture appears to fall far ftiort of what is yielded by 
treatment with alcohol. 

The other method was to imitate in the fmall way the 
procefs performed on the fugar-cane juice, which alio was 
attended with a certain degree of fuccefs. The experi- 
ments of this celebrated chemift are the following : three 
roots were fele&ed, the white beet, the red beet, and the 
(kirret, all of which gave evident indications of abounding 
in fugar, for when cut in dices, and dried, their tafte is very 
fweet, and the microfcope (hews a number of cryftalline 
grains of fugar difperfed through their fubftance. 

Some dices of white beet thoroughly dried, but not burnt, 
were powdered coarfeiy, and 8 oz. of this powder, again 
dried, were put into a bottle with 16 oz. of highly re&i- 
iied alcohol, and being loofely (lopped, the liquor was 
(lowly brought to boil on a fand-bath, with frequent 
(baking. The veffel was then removed, the folution fil- 
tered, and thepowder preffed ftrongly, to fqueeze out all 
the liquor. This clear folution was then put into a bottle 
which was corked, and fet by in a cool place. A cryftal- 
lized fait depofited gradually in the courie of fome weeks, 
which was fiard and tolerably pure fugar. This was re- 
diflolved and again cryftallized in the fame way, by which a 
very pure fugar was obtained. In this way, 8 oz. of the 
white beet-root gave half an ounce, or ~,y of fugar ; 8 oz. 
of (kirret-root, equally dried, gave 3 drachms, or about y T of 
fugar ; and the lame quantity of the red beet gave only zl 
drachms, or about T y of fugar. The folution, however, (till 
contained a quantity of fugar mixed with the refmous part 
of the root, and if it is evaporated to drynefs, a fweet ifh 
uncryftallized extract remains. 

The (kirret-root was then treated in the following man* 
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ncr without alcohol, with a view of ex*rading the fugar. 
A quantity of it was chopped fmall, brui'ed f o a mortar, 
and the juice expreffed through * cloth bag, and the pulp 
was again moifteried with water. and expreffed, to get out ail 
the faccharine liquor. The wlvde bquor was then kept at 
reft for 48 hours, in a c>»l cellar, by which mod of the 
feculence fubfided, and the cler.* liquor was carefully drawn 
off*. The author lays much ffreie on this part of the pro- 
cefs, which, if it is not done properly, considerably hinders 
the fubfequent production of the fugar. Tw clear liquor 
was then heated in a copper pan, clarified with white of 
egg, and boiled down to the confidence of thick fyrup, and 
kept in this Rate for about fix months in a warm place, by 
which it concreted into a femi-fiuid cryftalline mafs, compofed 
of impure cry Rais of lugar and a good deal of fyrup. The 
whole mafs was then a little warmed, to give the fyrup a 
little more fluidity, and poured into a funnel-fhaped veffel 
of tinned iron, with holes at the (ides and bottom, and fet 
by in a warm place; by which, after a confiderable time, 
the impure uncongealable f\rup (lowly filtered to the bot- 
tom, leaving the purer faccharine part in the form of a 
brown granular mafs. The latter was then re-diffolved in 
water, again clarified with white of egg, drained, boiled 
with a little lime, again (trained, and then evaporated to a 
thick confidence, and flirred till cold. A fugary vifeid 
mafs Rill purer than the laft was thus obtained, which, on 
being kept for a week in a funnel-fhaped pot, with a fingle 
hole at bottom, plugged up, congealed into a grained fugar 
equal to good mulcovado, from which a fyrup feparated 
and dropped through when the plug was withdrawn. 

Such is the procefs of this chemift to obtain a fugar from 
the (kirret-root, and he proceeded in the fame manner with 
the white and red beet-root, and with the fame fuccefs. 
He further obferves, that he rafped the beet-roots, being 
harder than the (kirret ; that the mucilaginous depofit from 
the beets was browner and lefs copious than from the 
fkirret ; the fugar from the white beet was the moil 
abundant and the purelt, and that from the red beet was 
the leaft fo. The mucilage or fediment from the (kirret, 
waffled with cold water and purified, yielded a very good 
white farina. 

All thefe roots are very watery. The white beet lofes 
by gentle, but entire, deficcation, full three-quarters of its 
weight, and the red beet feven-eightbs. 

For an account of the experiments of A chard, and othei 
chemift s, fee Beta. 

It is alfo prefumed, that much fugar may be obtained 
from other vegetables, as from green peas, cabbage, green 
farinaceous grains, as barley, (lee Malt,) ripe fruit of 
grape, date, and fig, and the root of psrfnip, 5 c c. and 
from feveral trees, as the fycamore and birch trees. Green 
maize (fee Maize) contains a liquor from which the 
American favages are faid to extract fugar. It may alfo 
be extraded from the afclepias caule credo Jmplict annuo ^ and 
from any flowers collected while the morning dew is upon 
them. But the vegetable which yields the iargeft quantity 
of fugar, next to the fugar-cane, is the fugar-maple. (See 
Maple.) The methods employed for extrading fugar 
from this tree in Canada are related by M. Gautier, in the 
Mem. des Scav. Eftrang. tom. ii. and by M- Kalm, in the 
Swedilh Mem. for 1757. (See Matle Sugar. ) The feafon 
for tapping the tree is from February to April, for about 
fix weeks, during which time a tree of moderate fize will 
yield from 20 to 30 gallons of fap, from which may be 
made about five or fix pounds of pretty good fugar. The 
tree does not feem to fuftain any injury from this oprratiou, 
for the juice is more faccharine from tiie trees that have 
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been already tapped, than from thofe that are frefh. This 
juice, which i9 clear, and of a pleafant tafte, is made into 
‘fugar by the farmers in the country, with a fimple ap- 
paratus. It U ufually clarified with lime and white of egg 
(or milk) boiled down, grained, and clayed, like the cane- 
juice. Sometir.es the quantity of liquid is reduced by 
freezing at *he proper feafon, which is preferred to evapo- 
ration. This lubftancc might, it is fuppofed, be made into 
loaf-fugar, well as the mufcovado ; and it is commonly ufed 
in a half-purified ftate, like the common moift fugar. The 
juice will alfo furnifti a pleafant wine by fermentation, and 
a good vinegar. 

By difcovering a mcnflruum that would diflolve the 
fugar, and not the flimy fubftance, the faceharine and mud- 
laginous parts of plants might be feparated from one 
another with advantage. Sugar is fcarcely, if at all, con- 
tained in any part of the animal kingdom, (honey cer- 
tainly belonging to the vegetable,) except in milk, and in 
the urine, during the lingular difeafe called “ diabetes 
mellitus.” 

Pure fugar appears either in a regularly cry It alii zed form, 
or in Alining white cryllallized grains. Both in candy and 
loaf it is hard and brittle, inodorous and fweet. If hard 
loaf-fugar be rubbed in the dark, it is very luminous. With 
the nitric acid it is convertible chiefly into the oxalic acid. 
It is very foluble both in water and alcohol. Melafl'es, 
which are conftituted chiefly of the uncryllallizable parts of 
the juice of the fugar-cane, and which Proud has denominated 
liquid fugar, are more foluble in alcohol than fugar. Sugar 
requires only its own weight of water at 48^ for its folution ; 
and when united at a higher temperature with a fmaller 
quantity, it remains diffolved and forms a fyrup. The 
watery folution, mixed with mucilaginous, farinaceous, 
or other matters, readily enters into the vinous ferment- 
ation ; whence it is inferred, by coniidering that the ftrength 
of the liquor and quantity of alcohol produced depend on 
the quantity of fugar, that the mod eflential part of the pro- 
eels of vinous fermentation is the converfion of fugar into 
alcohol. Four parts of boiling alcohol diflolve one part of 
fugar ; but a moiety of fugar again ieparates by red in 
crydals. Oils readily combine with fugar, and the mixture 
h mifcible with water. Lime and the fixed alkalies unite 
with fugar, arid form compounds, without any fweet tade. 
The concentrated ilrong acids diflolve and decompofe 
fugar, but the weaker limply diflolve it ; and the alkaline 
«.\d earthy hydro-fnlphurcts, fulphurcts, and phofphurrts, 
decompoie it, and refolve it into a fubltance refembling gum. 
Its ultimate conllituent parts, according to Lavoifier, are 
6^ of oxygen, 28 of carbon, and 8 of hydrogen, in 100 parts. 

Sugar melts at a heat conflderably above that ol boiling 
water, and forms a blood-red vifeid fluid, which, cooled, 
has a flavour of empyreuma, not ungrateful, mixed with 
the natural fweetnefs. When melted, it takes fire from a 
lighted fub dance, and bums with a ftrong red flame, and 
a penetrating odour, which excites coughing, and is owing 
to the production of an acid. 

If fugar be diddled per fe from a glafs retort with a heat 
gradually increafed to rednefs, and the products be care- 
fully collected, they will be found to be, fird, a coloured 
liquor, (trongly acid and pungent, called the “pyromucous.” 
A large quantity of gas comes over at the fame time, which 
is hydro-carbonat mixed with a little carbonic acid; and 
a very pure charcoal is left behind, which burns away in 
the open air without leaving any reiidue. Neither azot, 
ammonia, nor lime, nor any other fub dance, is obtained in 
this procefs, whence it appears that fugar is one of the 
pureit hydro-carbonous oxyds known. 
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The aftual chemical differences between mucilage and 
fugar, as dated by Mr. Cruikfliank, are the following: 
fugar is foluble both in water and alcohol, and crydallizable 
from either folution ; but mucilage is infoluble in alcohol, 
and refufes to cryflallize from it* watery folution : 480 
grains of fugar yielded by didillation 120 grains of charcoal, 
270 grains of liquid pyromucous acid, 41 ounce-meafures of 
carbonic acid gas, and 1 19 ounce-meafures of hydro-carbonat 
gas : — the fame quantity of gum arabic yielded 96 grains 
of charcoal, 210 grains of pyromucous acid, 93 meafures of 
carbonic acid, and 180 of hydro-carbonat. It alfo gave 
about 10 grains of lime, and the acid, when faturated with 
lime, gave out a little ammonia ; and hence it appears, that 
lime and azot are fubftanecs that belong to mucilage, and 
not to fugar. The habitudes of each fubftance with nitric 
acid differ alfo conflderably. When gum arabic (*•£•) is 
heated with nitrous acid only till nitrous gas begins to be 
difengaged, a quantity of white infoluble matter precipitates, 
which is the " mucous*’ acid, and the refidue is “ malic” 
acid, which a farther addition of the nitric converts into 
oxalic. But fugar is changed into oxalic, or malic and 
oxalic acid, without the produ&ion of any mucous acid. 
The quantity of oxalic acid produced from a given weight 
of fugar with nitric acid alfo exceeds that yielded by the 
fame weight of mucilage with the fame proportion of acid. 
In the fpontaneous changes, alfo, fugar and mucilage differ 
efi'entially : fugar being the eflential material of the vinous 
fermentation ; but mucilage is incapable of this procefs 
when pure, and appears to contribute little to the genera- 
tion of alcohol, when in combination with fermenting 
materials. 

From the known properties of fugar, it in fuppofed to 
unite the un&uous part of the food with the animal juices : 
hence fome have concluded, that it is nutritive to animals, 
and tncreafes corpulence ; others have aferibed to it a con- 
trary effeft, as it u laid to prevent the feparation of the 
oily matter, which forms fat, from the blood ; and others, 
again, have charged it with rendering the juices thicker 
and more fluggim, retarding circulation, obftrufting the 
natural fecretions, and thus occafioning or aggravating fcor- 
butic, cathartic, hypochondriacal, and other diforders. 
However, experience feems to (hew, that the moderate ufe 
of it is at leall innocent. 

Profellor Murray, who has treated this fubjeA very 
elaborately, thinks that by the fermentation which fugar 
undergoes in the ftomach, and by its relaxing refolvent 
faponaceous qualities, as well as by the acid which it con- 
tains, it rather tends to emaciate than to fatten the body ; 
and in this opinion he obferves that he ha 9 the authority of 
Boerhaave, who fays, if this fweet be taken in large quanti- 
ties it produces emaciation, by diifolving too much of the 
animal oil. He is therefore much furprifed, that Mr. John 
Hunter fliould lately recommend fugar and honey as the 
beft reftoratives to thofe fuffering from great debility by a 
long courfe of mercury. What may be the effefts of fugar 
in this refpeft in its refined ftate may be difficult to de- 
termine ; but in its crude ftate there can be no doubt of its 
affording a confiderable (hare of nourifhment, both as com- 
bined in various vegetable matters, and ae feparated by art. 
Thofe animals which wholly feed upon it in the fugar 
iflands, become remarkably corpulent; and the negro 
children, whofe diet happens fometimes for a feafon to be 
confined to melaffes, are eafily diftinguifhed from others by 
their fuperior bulk ; they are, however, more difpofed to 
fuffer by worms, and are likewife lefs a&ive and healthy. 

Sugar however appears, by the experiments of feveral 
writers, to prove deleterious to various kinds of worms, 
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either by immerfing them in a folution of fugar, or fprink- 
ling it upon their bodies ; and twenty grains of lump-fugar 
forced into the flomach of a frog, produced immediate 
torpor and death, which followed in the courfe of an hour : 
it alfo proved fatal to pigeons, and to the gallinz kind, 
but not to fparrows ; and with (heep and dogs it had no 
other effeCt than that of a cathartic. 

Sugar may certainly be taken into the flomach in pretty 
large quantities, without producing any bad confequcnces ; 
though proofs are not wanting of its mifchievous effefts, in 
which, by its attenuating and diffolving the fluids, and re- 
laxing the folids, debility and difeafe are laid to have beeB 

! >roduced. Stark for many days took from four ounces of 
iigar, to eight, ten, fixteen, and even twenty, with bread 
and water, by which naufea, flatus, ulceration in the mouth, 
with rednefs and tumefaction of the gums, oppreffion, 
purging, pain, and rednefs of the right noftril, bleeding at 
the note, and livid ffreaks over the right fcapula, were pro- 
duced. We are alfo told that a boy, who was much af- 
fefted by acidity of the flomach, in a fhort time greedily 
ate a large quantity of lump-fugar; foon afterwards he 
was taken ill, and the next morning found dead in his bed. 
Upon examining his body, red fpots, and other marks of a 
diffolved Hate of the blood, were difeovered. What degree 
of credit ought to be given to thefe and other cafes of the 
like kind, we leave to the judgment of our readers : but 
that the liberal ufe of fugar to many ftomachs has greatly 
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impaired the digeflive powers, and laid a foundation for 
various complaints, is highly probable. At the fame time 
we mud admit, that teveral indulge largely in this article, if 
not with advantage, at leaft with impunity. 

As a medicine, fugar cannot be confidered to poflefs 
much power. Dr. Cullen claffes it with the attenuantia ; 
and Bergius ftates it to be faponacea, edulcorans, relaxans, 
peCtoralis, vulneraria, antifeptica, nutriens. In catarrhal 
affeCtions, both fugar and honey are frequently employed ; 
it has alfo been advantageoufly ufed in calculous complaints ; 
and from its known power in preferving animal and vege- 
table fubftances from putrefaCtion, it has been given with a 
view to its antifeptic effefts. The candy, by difl'olving 
flowly in the mouth, is well fuited to relieve tickling 
coughs and hoarfenefs. The ufe of fugar in various medi- 
cinal compofitions is too obvious to require being particu- 
larly pointed out. 

Raw fugar and melafles, by virtue of their oily or treacly 
matter, prove emollient and gently laxative. The cryftals 
or candy are molt difficult of folution, and hence are molt 

E where this foft lubricating fweet is wanted to dif- 
owly in the month, as in tickling coughs and hoarfe- 
nefs. Refined fugar, externally applied, is efcharotic. 

Coarfe fugar, in which there is more oil than in refined 
fugar, is recommended as a good medicine in collyria for 
discharging ulcers of the cornea, in which allringents are 
hurtful. Aikin. Lewis. Woodville. 








Sulphuric Acid 


SULPHURIC Acid, Vitriolic Acid, or Oil of Vitrioly 
is formed by oxygen and fulphur ; but it is alio found that 
water is effential to the exiftence of this acid. 

In the molt concentrated ftatc in which fulphuric acid 
can exift, it is a tranfparent, colourlels, dcnfe liquid, of a n 
oily confiftence, and greafy to the touch. Its tatte is very 
cauflic, and fo extremely four, that a few drops only will 
render a pint of water too four to drink. It has no fmell, 
except when it is contaminated with animal or vegetable 
matter, the fmalleit quantity of which difcolours it. When 
dropped on thefe fubllances it deftroys their texture, and 
leaves a black mark. It changes moft vegetable blues to 
red, and manifetts other qualities of acids in a very emi~ 
nent degree. 

The fixity of fulphuric acid is very confiderable : when 
m the ft ate of common oil of vitriol, it requires nearly a red 
heat for its vaporization ; and though when diluted with 
water it will boil at a confiderable lower temperature, yet 
little elfe than water is driven off, and the acid becoming 
more and more concentrated, requires a continually increai- 
ing heat to keep up its ebullition, till it arrives at the degree 
neceflkry for the volatilization of the acid itfelf. 

Sulphuric acid freezes or cryftallizes by expofure to cold, 
and it appears to congeal with more eafe when moderately 
concentrated than when it is diluted : this remarkable cir- 
cumftance was firft pointed out by the due d’Ayen, was 
then confirmed by Morveau, and has fince been treated at 
large, and in a very fatisfaftory manner, by Mr. Keir. (Phil. 
Tranf. for 1 787, p. 267. ) This accurate obferver found that 
fulphuric acid of the lpecilic gravity of 1.78, congeals 
at about 40° Fahr. 5 but that if the denfity is either in- 
creafed or diminifhed, a greater cold is required for its 
congelation. Proceeding from the above denfity in each 
direction, he found that fulphuric acid at the fpecific 

S ravities of 1.786 and 1^75, or at any intermediate 
enfity, freezes when expofod to the cold of melting 
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fnow ; that if the energy of the freezing mixture be in- 
creafed by the addition of common fait, it will congeal ful- 
phuric acid at the fpecific gravities of 1.841 and 1.75, or 
at any intermediate denfity ; but that acids at the fpecific 
gravities of 1.815 on the one hand, and 1.745 on the other, 
continue fluid. Sulphuric acid while freezing contrafts 
confiderably in its dimenfions ; fometimes it forms a con- 
fufed mafs, but often fhoots into large regular cryftals in 
the form of oblique truncated odtohedrons, or compreffcd 
hexahedral prifms, terminated by hcxahcdral pyramids. 

Sulphuric acid attracts water with great avidity, and 
accumulates in bulk. This takes place even in a ltopped 
bottle, if the Hopper does not fit very tight. 

If fome of the fulphuric acid at the ufual denfity of 
1.84$ be mixed with one-fourth of its weight of water, 
the temperature of the mafs inflantly rifes to near joo° Fahr. 
and a mutual penetration takes place, the denlity of the 
compound being greater than the mean denfity of its ingre* 
dients. If even tour parts of fulphuric acid and one of ice, 
both at the temperature of 32 0 , be mixed together, the heat 
of the mafs will rife to 212 0 ; but if the proportion of ice 
be increafed confiderably, the caloric necefiary to tfic liquid 
ftatt* of the mixture will exceed that which is extricated 
during the combination of the ingredients, and cold will be 
produced ; thus, if four parts of ice and one of acid at 32 0 
be mixed together, the temperature of the mafs will be 
cooled down to — 4 0 . But in all cafes where concentrated 
fulphuric acid is employed in the compofition of freezing 
mixtures, there is at the moment of their combination, as 
Beaume has well obferved, a very fenfible produftion of 
heat, which muft materially diminifti the frigorific effeft ; 
thus, according to the able chemiit laft mentioned, (Cbem* 
Exper. i. p. 219.) if one part of fulphuric acid at the 
common temperature, and four parts of ice, be mixed 
together, the firft effeft is to raife the thermometer in 
3S 
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an inftant to 94 0 Fahr., from which it finks as fpeedily 
to 3 2°. But if the acid has been previoufly diluted 
with water, the temperature finks on the addition of ice 
to 5 0 Fahr. without any previous heat having been ex- 
cited. So* powerful is the affinity of fulphunc acid for 
water, th&t it will abforb moifture with great rapidity 
from the ^ir^ fo a9 in a very few days to double or 
treble its weight. Even a boiling temperature, when the 
acid is moderately concentrated, will not counterbalance 
this ftrong tendency . hence it is that fulphuric acid cannot 
by boiling in an open vefTel, be concentrated nearly fo much 
as by diftillation in a clofe apparatus. 

The fpceific gravity of this acid varies from 1.85 to the 
mofi dilute acid, depending upon the water it contains. 

The following table of the fpecific gravities of fulphuric 
acid of different llrengths, iB taken from Mr. Dalton’s New 
Syftern of Chemical Philofophy. 


Table of the Quantities of real Acid, in 100 Parts of 
Sulphuric Acid at 6o°. 


Atoms of 
Acid Water. 

Acid |wr cwt. by 

Specific 

Gravity. 

Boiling Point. 

Weight. 

Meat’u re. 

I + 0 

IOO 

Unknown. 

Unknown. 

Unknown. 

I + I 

8 l 

150 

I.856 

620° 


80 

148 

1.849 

605 


79 

146 

I.848 

590 


78 

144 

1.847 

575 


77 

I42 

1.845 

y6o 


76 

140 

I.842 

545 


75 

^38 

1.838 

530 


74 

133 

1-833 

S'3 


73 

*33 

1.827 

5° l 


72 

•31 

1.819 

487 


7 i 

129 

I.810 

473 


70 

126 

1. 801 

460 


69 

124 

1.791 

447 

I + 2 

68 

121 

1.780 

435 


67 

1 18 

I.769 

422 


66 

1 16 

i *757 

410 


^5 

i *3 

x *744 

400 


64 

in 

'•730 

39 1 


63 

108 

1.715 

382 

i 

62 

10 5 

1.699 

374 

! 

| 

61 

103 

1.684 

3 6 7 

t 

60 

100 

1.670 

360 

» + 3 

58.6 

97 

1. 6 jo 

3 J° 


5 ° 

76 

1 .520 

29O 


40 

5<> 

1,408 

260 

1 + 10 

30 

39 

1.300 

240 

i + 17 

20 

24 

j.200 

224 

1 + 38 

10 

11 

I. IOO 
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The acid at 100, at the head of the column, is the real 
acid, or that which combines with different bafes, to form 
the falts called fulphates. It is difficult to (ay whether it 
does really exift in a feparate ttate. Mr. Dalton fays it is 
formed when nitrous gas, oxygen, and fulphurous acid, are 
mixed together, and appears in Alining cryftals, like hoar 
froft. On the other hand, fir Humphrey Davy afferta, that 
when nitrous acid gas, and fulphurous acid ga8, are mixed 
in a glals globe, and the gafes perfe&ly free from moiiture, 
no fulphuric acid i9 formed. But if a drbp of water be 
introduced, there will be. an immediate condcnfation, and 
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a beautiful white cryftaliine lolid will line the interior of 
the veflel : whereas, if the globe contain plenty of water, 
nitrous ga3 will be given off with great violence, and the 
water will be found to be a lolution of oil of vitriol. We 
fhould feel fome delicacy in doubting the accuracy of either 
of thefe authorities, but it is neverthelefs certain, that one of 
them has been deceived. The experiments were certainly a 
little different. Mr. Dalton employed nitrous gas and 
oxygen, which wc fhould imagine could not give a refult 
different from fir Humphrey’s, who employed the nitrous acid 
ready formed. Both thefe chemiits feem to agree, that the 
acid of the fpecific gravity j.8y contains an atom of water. 
Thi.i acid is the ilrongelt that can be made by concentra- 
tion, for at its boiling point, which is 620°, the acid and 
water rife together. 

Tt will be perceived from the table, that the fpecific 
gravity vanes very little with the firtl portions of water; 
and hence it i« a very uncertain tell of the value of very 
ftrong acidf?. Wc have generally ohferved, that thofe who 
keep an hydrometer for the pur pole of allaying the o'l oi 
vitriol, hardly ever complain of its want of fpecific weight. 

Mr. Dalton recommends the boiling point of ftrong 
acids as a better tell of then* Itrcngth. The table fhews, 
that when the quantity of real acid varies one per cent . the 
fpecific gravity is only changed in the thnd decimal place ; 
but the boiling point varies as much as 15°. This points 
out a fimple method of allaying fulphuric acid with much 
greater precifion than by the hydromrter. An inilrument 
might eafily be conitru&cd for this purpofe. It fhould con- 
fill of a fmall platina cup, capable of holding as much ful- 
phuric acid as will cover the bulb of a mercurial thermo- 
meter. An upper part may be attached to this cup, to con- 
tain the item of the thermometer, and at the fame time to 
guard it from the heat of the fire on which the cup is 
placed. 

The cup of platina, being filled with the acid to be tried, 
may be placed on a fmall charcoal fire, or a fand-bath, or 
indeed a clear common fire, till the acid boils, when it will 
fhew the Itrength of the acid, by degrees marked upon 
the fcale of platina ; the degrees being expreffions of the 
fpecific gravity, 111 (lead of degrees of temperature. The 
firft column in the table gives the relative number of atoms 
of water and acid for different ftrengths. The way in 
which the acid mixes with water as well as with the folutions 
of falts, fee mi tvj favour the idea of their proportions being 
indefinite. But this is merely an apparent anomaly. The acid 
may combine with one, with two, with three, and perhaps 
a greater number of atoms of water, but this number may 
ftill be limited. An acid weaker than the limited number 
of atoms of water would u.ive, is conftituted by the limited 
compound becoming equably difperfed through a mafs of 
water, the excels of water not being combined but merely 
mixed. Such may alfo be the cafe with folutions of lalts. 

That the acid and the water are combined chemically, 
the condcnfation of volume, and change of temperature, 
clearly prove ; and in the prefect ftate of chemiilry, it is not 
lefs clear that the proportions of compounds are limited. 

Sulphuric acid is conftituted by one atom of iulphur 15, 
and three atoms of oxygen 22.5, making its atom 37.5. 
The ftrongeft liquid acid, as will be fecn by the table, will 
confiit of an atom each of acid and water, which will be 
37*5 4 - 8.f = 46; the fpecific gravity of this is 1.85. Acids 
of this ftrength, down to 1.8, have the name of cil of 
vitriol, from the circumstance of this acid being formerly 
diftilled from green vitriol. That the component parts of 
fulphuric acid are fulphur and oxygen, may be demor.- 
ftrated either by 1 analyfis or fynthelis ; thus, if fulphur be 
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digefted with nitric acid, nitrous gas will be given out from 
the dccompofition of the acid, while the oxygen, the other 
element, will combine with the fulphur, and form with it 
fulphuric acid ; on the other hand, if fulphate of foda be 
mixed with charcoal and expofed to a red heat, the fulphuric 
acid is deoxygenated by the fuperior affinity of the char- 
coal ; carbonic acid and carbonoue oxyd are produced, and 
the fulphate of foda is found to be converted into fulphuret 
of foda, from which tlie fulphur may readily be procured 
by folution in water, and the addition of an acid. 

But though the elements of fulphuric acid arc afeertained, 
much doubt dill exids with regard to their relative propor- 
tion. 

Several methods have been employed for afeertaining 
thefc proportions. Lavoifier, for this purpofe, placed a 
given weight of purified fulphur in a receiver, with a little 
water to abforb the acid produced ; then fetting fire to the 
fulphur, he fupplied it with oxygen gas of known purity, 
till the combudion ccafed : then by ascertaining the weight 
of fulphur burnt, and of oxygen gas confumed, he inferred 
that fulphuric acid was compofed of 71 parts of fulphur to 
29 parts of oxygen. Berthollct, having afeertained that 
nitre and fulphur, in the proportion of four parts of the 
former to one of the latter, when heated in a retort, re- 
aped on each other quietly and without explofion, mixed 
together 288 grains of nitre, and 72 grains of fulphur, and 
heated the mixture in a glafs retort till the emiffion of nitrous 
gas entirely ceafed. During the procefs, 1 2 grains of ful- 
phur had fublimed unaltered, and 228 grains of fulphate of 
potato were produced by the combination of the alkaline 
bafe of the decompofed nitre with the newly produced ful- 
phuric acid. Now, according to Kirwan, fulphate of 
potato is compofed of 45.2 fulphuric acid, and 54.8 potato; 
therefore, out of the 228 grains of fulphate of potato, 
103 grains were fulphuric acid, compofed of 72 — 12 = 60 
grains of fulphur, and 43 grains of oxygen : hence 100 parts 
of fulphuric acid confiit of 

Sulphur - - - 58.2 

Oxygen - - - 41.8 

1 00.0 

Another method, followed by Berthollet, Thenard, and 
Chenevix, and which fome have thought to be upon the 
whole the bell, i9 to digcll a given weight of fulphur in 
nitric acid, till it is completely diflolved and acidified, 
(which, if performed with care, may be effe&ed without 
the produ&ion of any fulphurous acid,) then to add a folu- 
tion of nitrate or muriate of barytes as long as any precipi- 
tate takes place, by which the whole of the newly-formed 
fulphuric acid will combine with barytes into an infoluble 
fait ; then to edulcorate and ignite the fulphated barytes, 
and from its weight to dedudt that of the barytic bafe ; the 
remainder confequently will indicate the amount of ful- 
huric acid produced, from which, by fubtra&ing the 
nown weight of fulphur, wc get by inference that of the 
oxygen. 

By compounding the refults arifing from the experiments 
of feveral Jkilful chemifts, the compofition of fulphuric acid 
items to be, according to 

Klaproth. Thenard. Chenevix. 
Sulphur - 24.3 37.4 41.2 

Oxygen - 75.7 62.6 58.8 

100 100 100 
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By another Statement . 

Klaproth. Thenard. Chenevix 

Sulphur - 43.2 57.4 61.5 

Oxygen - 56.8 42.6 38.5 

100 ICO 100 

By a third Statement. 

Sulphur - 41.8 55.56 59.1 

Oxygen - 58.* 44.44 40.9 

100 IOO IOO 

Muriatic acid gas combines readily, and in abundance, 
with fulphuric acid ; and the compound acquires a brownito 
tinge, and, when expofed to the air, emits denfe white 
fumes of muriatic acid gas, probably mixed with a little 
fulphuric acid, as their odour is more pungent and fuffo- 
catmg than that of fimplc muriatic acid. The nitric and 
fulphuric acids unite readily together, either by direA mix- 
ture, or by adding a little nitre to iulphuric acid. This 
compound is of confiderable ufe for recovering the filver 
from clippings and other rcfule of the manufaAories of 
filver-plate. Sulphuric acid ablorbs, by agitation, a con- 
fiderable quantity of red nitrous vapour, and in confequence 
acquires a light blue colour. The mixture, when expofed 
to the air, gives out a white vapour. If water is added, 
the great heat that is thereby generated caufes a very rapid 
and copious emiffion of the nitrous vapour, and fulphuric 
acid and water alone remain behind. Sulphuric acid, thus 
impregnated with nitrous vapour, after a time becomes 
nearly colourlefs, and then concretes into folid cryitals. 
In this (late, when dropped into water, it acquires a green 
colour, and both the cry dais and water fparkle with the 
fpontaneous and copious produAion of nitrous gas. When 
the cryftals are fimply expofed to heat, they melt, emit a 
denfe red fume, and, after the nitrous vapour is thus driven 
off, the refidue is common fulphuric acid. 

Concentrated fulphuric acid, even when cold, aAs in a 
very ftriking manner on mod kinds of vegetable and animal 
matter. If a piece of paper or draw, for example, be im- 
merfed in fulphuric acid, the texture of the draw is fpeedily 
broken down, it acquires a deep black colour, and is dif- 
f 11 fed through the acid in a date of half folution. This 
phenomenon, however, does not take place, as is generally 
fuppofed, on account of the re-aAion of the fulphuric acic^ 
on the carbon and hydrogen, producing fulphurous acid, 
but from the drong affinity of the acid for water ; in con- 
fequence of which, the oxygen and hydrogen of the vege- 
table matter combine together into water, while the carbon 
is precipitated. 

Sulphuric acid combines with all the metallic oxyds, with 
the alkalies, and all the earths except iilex, forming an im- 
portant genus of falts, called in the reformed nomenclature 
fulphates ; which fee. 

The following is the order of the affinities of fulphuric 
acid : barytes, urontian, potato, foda, lime, magnefia, am* 
monia, glycine, yttria, alumine, zircon, metallic oxyds. 

When fulphur is burnt in oxygen, whether in the pure 
gas or in the atmofphere, it forms only fulphurous ana not 
fulphuric acid ; but if the fulphurous acid be abforbed by 
water, and expofed to the air for fome time, the latter ab- 
forbs oxygen, and is converted into fulphuric acid. Hence 
fulphuric acid cannot be formed by the mere combuftion 
of fulphur; a eircumltance which renders the procefs of 
manufaAure much lefs fimple than it otherwise might be. 

$& 2 
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Sulphuric acid is at prefent formed by mixing together 
one part of nitre and feven parts of fulphur. This mixture 
is placed in a chamber, lined with lead. When thefe ma- 
terials are fet on fire, the nitre facilitates the burning of the 
fulphur by the oxygen it affords ; but it does not furnifh 
fufficient to convert the fulphur into fulphuric acid. The 
7 parts of fulphur will require 10.5 of oxygen for that 
purpofe, but the nitre employed with it can furnifh no more 
than .225, fuppofmg the nitric acid to be reduced to the 
it ate of nitrouB gas. This is fo fmall a portion of the 
whole, that fome other fource mu ft be explored, which is 
doubtlefs the atmofphere. 

The cornbuition of the fulphur, which is facilitated by 
the prefence of the nitre, firft converts the fulphur into ful- 
phurous acid ; which, from its gafeous form, would foon 
be diilipated, if it were not condenfed by its converfion into 
fulphuric acid. When a portion of the nitric acid of the 
nitre decompofed by the fulphur, nitrous gas is evolved $ 
but in its afcent, it meets with the oxygen in the chamber, 
and is converted into nitrous acid gas, which appears in red 
fumes. The new-formed fubftance can now difpofe of an 
atom of oxygen, which the fulphurous acid ' is wanting to 
convert it into fulphuric acid- The bottom of the leaden 
chamber is covered with water to the depth of two or three 
inches. This water feems to anfwer a double purpofe ; in 
firft facilitating the a&ion of the nitrous acid gas upon the 
fulphurous acid, and then diffolving the fulphuric acid as it 
is formed. When the nitrous acid gas has difpofed of its 
atom of oxygen, it returns to the ftatc of nitrous gas ; and 
in rifing, unites with more oxygen, which it again gives to 
fulphurous acid ; thus continuing its receiving and giving 
office, till it is accidentally diffipated through the fame 
apertures which admitted the common air. A neceffarv 
connection between the chamber and the atmofphere will 
appear obvious. Atmofpheric air mu ft be admitted for 
the combuftion of the fulphur, and to afford oxygen to the 
nitrous gas ; and through the fame, or fome other opening, 
the refidual azote mult be returned into the open air. 
Some nitrous gas, and probably nitrous acid gas, will efcape 
at the fame time. If the latter were not the cafe, a con- 
itant decompofition of nitre by the fulphur would not be 
neceffary. The theory of this procefs has been given by 
the French chemifts, Chemint and Deformes. Sir Hum- 
phrey Davy objects to it in fome degree. He holds, that 
the union of the oxygen of the nitrous acid with the ful- 
phurous acid does not take place till they come in contaft 
with water; the latter, according to his opinion, being 
eifential to the conftitution of the fulphuric acid. If the 
above theory be correct, a Ampler mode of manufa&ure 
might be pointed out. The combuftion of the fulphur 
might be fo managed, as to furnifh the fulphurous acid 
without lofs, but mixed with azote. 

From another fource nitrous gas and atmofpheric air may 
,be furnifhed. Thefe with the other produ&s meeting 
where water is prefent, ought to form fulphuric acid in a 
very fmall fpace compared with the large chamber at pre- 
fent employed. The gafes, by this means, might be fur- 
nifhed in proportions fo exalt, that nothing but azote 
would efcape. 

The acid and water which cover the floor of the chamber 
now only arrive at a certain ftrength, which is very far fhort 
of that required. At that ftrength it is drawn off, and 
concentrated by evaporation. This ufed to be performed 
in glafs retorts, which are very liable to break. If this is 
not performed in a veffel from which there is but a fmall 
opening, the acid would not part with fo much of its water, 
and iti concentration would be limited at a very inferior 
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ftrength to that ufed for moft purpofes. Dr. Wollafton 
has introduced veffela for the concentration of oil of vitriol 
made of platina: they are very ex pen five, but anfwer the 
purpofe admirably. Some manufacturers ufe leaden veffela 
for this purpofe. 

Sulphuric acid is employed extenfively in bleaching, with 
the oxymuriatic acid, and in dyeing. It ih the cheapeft and 
moft ufeful acid for cleaning the iurface of plates of filvcr, 
copper, and iron, by diffolving their ox yds. 

The fulphuric arid is laid to have been found by Bai- 
daffari, in a concrete ftatc, lining a grotto in mount St. 
Amiato, in Tufcany : it alfo occurs in the crevices of vol- 
canic mountains, and diiiblv.d in fome mineral waters. But 
the fulphuric acid of commerce is obtained either from the 
diltillation of iulphatc of iron, or from the combuftion of 
fulphur. We fhall here fubjoin a brief account of both 
methods, referring to Aikin’s Dictionary of Mineralogy, 
See. for farther particulars. 

Sulphate of iron, or green vitriol, confifts of fulphuric 
acid, water, and oxyd of iron : by proper methods, the 
acid may be feparated from the other ingredients of the 
fait ; and this continued to be the only origin of fulphuric 
acid in the great way, till the difeovery, by the manufac- 
turing Englilh chemifta, of the art of preparing it by the 
combuftion of fulphur. As this latter difeovery has not, 
however, as yet entirely fuperfeded the former, we (hall 
give an account of both, beginning with the moft ancient. 

Sulphuric acid is thus prepared at Bleyl, in Bohemia. 
A long horizontal furnace or gallery of brick-work is con- 
ftru&ed, capable of receiving a number of retorts : the re- 
torts themfelves are pear-(haped veffela, with a flight ly 
curved neck, by which they fit into earthen receivers nearly 
of the form of common retorts. The whole apparatus being 
prepared, each retort is charged with three pounds of ful- 
phate of iron, previoufly calcined at a full red heat, and the 
fire is lighted. The firft efleCt of the heat is to drive off 
the moifture abforbed by the vitriol in the interval between 
its calcination and diftillation : this phlegm, being only very 
flightly acidulous, is allowed to efcape ; and when it ceafes 
to come over, the receiver with a little water in it is luted 
on to the retort. The fire is now raifed, and kept up brifk 
for 32 hours, during which time the acid rifes in the form 
of denfe white vapours, which fill the receiver, and are there 
abforbed by the water. Thefe vapours being at a high 
temperature, foon render the receiver very hot : hence tne 
workmen judge of the termination of the procefs, by the re- 
ceiver becoming cool, in confequence of the vapour ceafing 
to rife. The red oxyd of iron, or colcothar, is now taken 
out of the retort, and its place is fupplied with a frefh 
charge of calcined vitriol : the diftillation then takes place 
as already deferibed, except that the former produce of 
acid is not emptied out of the receiver, and, therefore, there 
is no occafion to add any water. If the retort is well made, 
and carefully luted all over, it will laft for three fucceffive 
diftillations, and the quantity of acid obtained is nearly 
equal to half the weight of the calcined fuiphate. 

If the acid be examined at different periods of the diftil- 
lation, it will be found to be more and more denfe, according 
to the violence of the fire required for its extrication : the 
latter portion, if received in a feparat* veffel, will generally 
congeal upon cooling ; hence it is called glacial Julphuric 

This acid ufed to be, and perhaps is ftill, prepared at 
Nordhaufen, in Saxony : it is of a dark brown colour, and 
exhales, when expofed to the air, abundance of denfe, 
white, fuffocating vapours; its ufual fpecific gravity is 
=5 1.95, For other properties, foe Aikis, ubi fupra. 
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From the fa&s which he has recited it feems probable, 
that the effential difference between the common and glacial 
acid is, that the latter, from the mode in which it is pre- 
pared, contains a fmaller portion of water than the former, 
and that to this is owing both its volatility and property of 
congelation. It is incidentally mixed with fulphurous acid, 
but the prefence or ab fence of this doe3 not appear to be of 
any material importance. 

The fulphates of copper and zinc have occafionally been 
employed, inllead of the fulphate of iron, but with a mani- 
fell difadvantage, both becaufe they are dearer than the 
latter fait, and becaufe they require a higher and longer 
Continued heat to drive off the whole of the acid. 

The following is the ufual method of manufa&uring ful- 
phuric acid from the combultion of fulphur. A chamber is 
conftru&cd of frame-work, and lined with Itrong (heet-lead ; 
the only aperture is a fmali door, made to tout very clofe, 
the bottom of which is a little higher than the floor of the 
chamber. Water is poured into this chamber, till it rifes 
to the height of an inch or two upon the floor, -and a Hand 
is introduced, on which is placed an earthen pot containing 
a few pounds of fulphur and nitre, in the proportion of from 
eight to ten of the former to one of the latter. This mix- 
ture is fet fire to by means of a red-hot iron, and the door 
is immediately clofed. At the expiration of about fix 
hours, a fecond charge of fulphur and nitre is introduced, 
which after a fimilar interval is replaced by a third, and fo 
on without intermiflion for a fortnight or three weeks. At 
the end of this period, the water in the chamber is fufficiently 
acidulated ; it is accordingly transferred to a leaden boiler, 
where the greater part of the water is evaporated. In pro- 
portion, however, as the acid becomes more concentrated, 
it 19 more dlfpofed to corrode and difl'ulve the lead of the 
boiler ; therefore, before this degree of concentration takes 
place, the liquor is transferred into large green glafs retorts, 
where a degree of heat is applied fufficient to drive off almoft 
the whole of the water. As the acid becomes ftronger, it 
alfo becomes clearer and lela coloured, m confequence of a 
portion of acid re-a&ing on the impurities with which it is 
tinged, and thu9 deftroying them. When the acid is thus 
brought to the required deniity and clearnefs, it is poured 
out of the retorts into large globular glafs bottles, fur- 
rounded with wicker-work fluffed with A raw, called carboys , 
and is then brought into the market, under the name of 
oil of vitriol 

The fulphuric acid obtained from the diftillation of green 
vitriol exitts ready formed in the fait : its extrication is a 
perfe&ly Ample procefs, and the only impurities that it can 
poffibly contain are fulphurous acid, and a very minute por- 
tion of oxyd of iron, and of the earth of the retort. 
When loaded with fulphurous acid, it has a fuffocating 
odour, and, when expofed to the air, gives out a white 
vapour like itrong muriatic acid. It uled formerly to he 
fold in this Hate by the name of fuming oil of vitriol , and 
was further diitinguitoed by its property of congealing into 
a foft ice, at a very moderate degree of cold. By dilution 
with a little water, and fubiequent boiling for few minutes 
in a glafs veffel, the fulphurous acid is driven off, and the 
refidual fluid is common fulphuric acid in a ft ate of very 
confiderable purity. 

When the method of producing fulphuric acid by the 
combuftion of fulphur and nitre was firft difeovered, the 
apparatus employed was a feries of very large glafs balloon?, 
at the bottom of each of which was a little water to con- 
denfe the vapour; only a fmali quantity of the mixture 
could be burnt at once, and conftant fuperin tendance was 
aeceffary to fupply the balloons with frefh charges of the 
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materials. In order to fave much of this manual labour, 
and the heavy lofs arifing from the frequent fra&ure of the 
veffel8, leaden chambers were made ufe of, which, befides 
requiring lefs attendance, and being upon the whole cheaper, 
rendered it eafier for the manufacturer to extend his efta- 
blitoment to any required magnitude. Thefe chambers arc 
of various conltru&ion : the moil Ample and in mod general 
ufe are furnitoed only with two apertures, namely, a fmali 
door, by which the water and the fulphur and nitre are in- 
troduced, and a leaden pipe with a flop-cock, by which the 
water, when acidulated, is drawn off : other chambers have 
befides a few fmali apertures, for the introdu&ion of atmo- 
fpheric air during the combuftion, and a fleam-pipe con- 
ne&ed with a boiler, it being found that if the water is 
introduced in the ilate of fleam, a much more rapid con- 
den fation of the acid enfues than in the ufual way of pro- 
ceeding. In fome of the heft contrived chambers, the com- 
bultion of the nitre and fulphur is effe&ed in a feparate 
flove, and the acid vapour thus produced is poured by 
means of a pipe into the condenfing chamber. 

There is a good deal of difference among the manufac- 
turers as to the proportion of nitre employed : by fome it 
is made equal to onc-fifth of the fulphur, while by others it 
is not allowed to exceed one-tenth. This, however, appears 
to be fatisfa&orily eflablifhed, that within the above limits 
the greater the proportion is of nitre, the more eafily con- 
denfible will the acid vapour be, and the lefs fulphur will be 
loll in the form of fulphurous acid gas. If the nitre ex- 
ceeds one-fifth of the fulphur, the combuftion will be fo 
rapid as to drive into the chamber a cor.fiderable proportion 
of fulphur unaltered. It would conduce much to the 
purity of fulphuric acid, and might probably be found even 
to be an economical plan, to line the chamber with glafs 
inftead of llieet-lead : the general appearance of the chamber 
would then rcfemble a green-houfe, and all the wood-work 
fhould be faced internally with glafs. A compolition of 
wax, maftich, and fine fand, would form a ftrong cement 
for the glals, and little liable to be adled on by acid va- 
pours, more cfpecially if the interfticct filled up with it 
were dutled with powdered glafs, or very fine fand, while 
the cement was yet warm 3nd adhefive. Such a chamber 
would have the additional advantage of allowing the oper- 
ator to fee what was palling within, without the neceffity 
of opening the dcor. 

The common Englifh fulphur is unfit for the preparation 
of fulphuric acid, on account of a yellowifh-brown colour 
which it gives to this fluid, and which it is not eafy to get 
rid of. For this reafon, the refined Sicilian fulphur is the 
only kind that is employed in this manufafture, at leaft in 
Britain. 

Common fulphuric acid may be freed from the fulphates 
of lead and potato, which it generally contains, by diftilla- 
tion. This, however, though apparently a very Ample 
procefs, is rather a n*ce matter to manage, according to the 
ufual method. Sulphuric acid is not capable of being dif- 
tilled at lefs than a red heat : when, therefore, the denfe hot 
vapour firft comes in contact with the necks of the retort 
and receiver, it is apt to break them, unlefa the precaution 
has been taken of thoroughly heating them by means of a 
pan of charcoal placed beneath, a minute or two before the 
diftillation commences. All this rifk, however, may be 
avoided, and in fome laboratories it a&ually is fo, by con- 
necting the glafs body, in which the acid is boiled, with 
the receiver, by means of a tube of platina. Boiling ful- 
phuric acid ha^ not the leaft aCtion on this metal, and the 
vapour, in its paflage through, becomes fo far cooled and 
condenfed, that it flows into the receiver in drops. 

4 



SULPHURIC ACID 

Sulphuric And, in the Materia Medtca, is a valuable 
tonic, aftringent, and antifeptic. Its officinal preparations 
are the following ; viz. Acidum fulphuricum diluUim ; acidum 
fulphuricum aromaticum ; acid . cilricum ; acid . muriaticum ; 
acid . niiricum ; fuper-carbonatis putajfx ; Jnlphas potajf* ; 

phofphas fad a } tn arias anlimonii ; fcrri fulphas ; hydrargyri 
o xy murids ; fulf alphas hydrargyri jlavus ; zinci fulpbas ; and 
tether fulphuricus. 

The acidum fulphuri cum diJulutn , or diluted fulphuric acid 
of the Lond. Ph., is obtained bv adding a fluid-ounce and 
a half of fulphuric add gradually to 14 fluid-ounces and a 
half of dilluied water, and mixing. The Edin. Ph. dircdls 
one part of fulphuric acid to be mixed with leven part^ of 
water. The Dub. Ph. orders 2 oz. by weight of fulphuric 
acid to be mixed gradually with 14 07. by weight of dif- 
tilled water, and the mixture to be let afide to cool ; then 
the clear liquor to be poured off. The fp. gr. of tins acid 
is to that of water as 1090 to 1000. The tonic and anti- 
feptic powers of this acid render it extremely ferviceable in 
low typhoid fever", dyfpeptic affections, diabetes convalef 
cencies, and in cutaneous eruptions. It retrains the colh- 
quative fweats which attend hectic ; locally appli d, it it* a 
common and ufeful adjunct: to gargles in cyuanche, and 10 
check falivation ; and as a refrigerant, it is given with cer- 
tain benefit in paffive haemorrhages, from whatever part 
they may arife. In the firfi -mentioned cafes the diluted 
acid may be combined with infuiiom; of cinchona or other 
vegetable bitters, and aromatic".; and in the latter, with 
infufion of rofes, mucilage, or Ample water fweetcued with 
fyrup. The ufual dofe is from ift x to 1ft xxx, but in ma- 
lignant eryfipelas, witli a tendency to luv norrhagy, it has 
been given to the amount of f^jm twenty-four hours; and 
ithasalfo been given with evident advanta ge, fays Thoinfo.:, 
to the fame amount, in violent uterine htrmon hages. 

The etfidum fulphuricum arum alii urn , or aromatic fulphuric 
acid <<f the Edm. Ph., is prepared Ly di upping 60/. of ful- 
pir *ic acid gradually into 2 lbs. of alcohol; digefling the 
mixture in a covered v< flel \> «th a very gentle heat for three 
days; then adding of cinnamon baik, bruifed, id oz. and 
ginger root, brvuled, 1 oz. ; digefling again in a eh fe vef- 
Jel for fix d.iy", r.rnl filtering through papers placed in a 
glafs funnel. The odoir of this oil, which is generally re- 
garded as an impt rfefi ether, is peculiar and aromatic, and its 
tafte gratefully acid : it is limpid, and of a brownifh colour. 
This is an agreeable mode of exhibr ig fulphuric acid in 
dyfpepfia, chronic afthma, and moil of the complaints for 
winch the dilu'cd acid has been found ferviccablc. Tile 
dofe may be from ift x to 1ft xxx in bitter infufions, or any 
convenient fluid vehicle, given three or four times a day. 

The acidum dtrirum , or citric acid of the London Ph., is 
obtained by taking of lemon juice a pint, prepared chalk an 
ounce, or a quantity fuflicient to faturate the juice, and nine 
fluid-ounces or diluted fulphuric acid ; add the chalk by 
degrees to the lemon juice heated, and mix them ; then pour 
off the liquor. Vv..fh the citrate of lime which remains in 
repeated portions of water, and then dry it. On the dried 
powder pour the diluted fulphuric acid, and boil for ten 
minutes ; exprefs the liquor llrongly through a linen cloth, 
and filter it through paper. Evaporate the filtered liquor 
with a gentle heat, fo that cryflals may form as it cools. 
To obtain the cryftals pure, ditto I vc them in water a fecond 
arid u third time ; filter each folution, boil it down, and put 
ii apart to cryllalhze. (See Citric Acid.) The folution 
ol thii. acid in ivjuer, in the proportion of 7 j of the cryftals 
to oj of water, ar.fwers nearly all the purpofes of recent 
Kenioii juice ; and :$ even preferable for forming the common 
ifiuvefcing draught with fubcarbonate of potafs. A folu- 
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tion of 3ij in oj of water, fweetened with fugr.r that h an 
h^en rubbed on frefh lcmou-pccl 9 font i a grateful refrige 
rant beverage, rcLmblmg lemonade, and equally ufeful in 
febrile and inflammatory complaint .. It is probable that 
the cryllalli/.ed acid may be equally ufeful in {curvy as the 
frefti juice of the fruit ; but we have not heard whether this 
po'nt has yet been aieertuined. 

A i id uni murialiium, or muriate aeid of the l.ondon 
Ph., is prepared by taking of muriate of f da dried, 2 lb*. ; 
i* 2 lb. of fulphuric acid; and i{, pint «*f diitillcd water; 
firft mixing the acid with halt a pint (.ft lie water in a glafs 
retort ; and when the mixture is cold, adding to it the mu- 
riate of foda ; pounug the remaindei of the water into tlu* 
receiver ; and, having fitted to it the retort placed in a fund* 
bath, di Hilling over the muriatic acid in*o thii water, with 
a heat gradually railed until the retort becomes red-hot. 
The fpccific gravity of muriatic acid l^ to that of dilliiicd 
water, as 1.170 to 1.000. The Kdmb. Ph. dircCls to 
take of muriate of foda, 2 lbs. ; of fulphuric acid, 16 oz. ; 
and 1 lb. of water : firft expofe the muriate of foda in a pot 
to a red heat for a (hurt time, ar.d when it is cold, put it 
into a retort ; then pour the acid, mixed with the water and 
cooled, upon the' muriate of foda ; and, finally, diftil from 
a fand-bath with a moderate fire as long as any acid comes 
owr. The Dub. Ph. dire (ft r, to take of muriate of foda 
dried, fulphuric acid, and water, of each fix pounds ; to 
ddute the acid with the water, and after it is cold, to add it 
gradually to the muriate put into a glafs retort ; then to 
diftil the liquor until the reliduurn becomes dry. (See 
MriuATic Acid.) This red i* tonic and antifeptic. It 
has been efficacioully ulcd in typhir. fevers, and in fome 
cutaneous eruption.*-. It is a common and ufeful adjunct to 
gargles, in the proportion of from f$fs to f^ij in f^vj of 
any fluid, in ulcerated fore- tht oats, and ermcrum oris; and, 
in a very highly diluted flare, Iftvnj in fjiv of water, it has 
been recommended as an mjt ctiou in g.mnr Lcea. 

This acid hat? even been regarded as an antidote in ge- 
neral fyphilitic afhCtions; but tlie obfcrvations of Mr. 
IVarfon have (hewed this opinion to be erroneous ; yet, by its 
falutary effttls on the ftomaeli and general health, “it is a 
medicine capable of ameliorate g the appearance of vene- 
real ulcers, and of reftraiinrg f< r a t*.nc the progrefs of the 
difeafe,” where it is dc Arabic “to gain a little time, pre- 
vioufly to the entering on a mercurial courfe. M The dofe 
is from 1ft x to ill in a fuflicient quantity of water. 

A very important pro petty of muriatic acid, in the ftate 
of gas, is the power it pofiefles of neutralizing putrid 
iriafmatn, ddcovered by Morveau in 1773. It is, therefore, 
ufed as an agent for dcllroyuig infection in fick rooms and 
hofpitals, difeugaged by pouring fulphuric acid on common 
fait. 

Acidum niiricum. (See Nitiuc Acid.) For the other 
ai tides above enumerated, fee Antimoxv, IltON, MlR- 
cuiiy. Pot ass .1:, Sai/is, Siltiiatk, occ. 

For an account of the ether fulphuric us , or fulphuric ctherj 
fee Spirit. 

The ethereal oil of the Lond. Ph. is prepared in 
the following manner. After the diftdlation of fulphuric 
ether, diftil again the remaining liquor with a gentle 
heat, until a black froth fwells up ; then immediately re- 
move the retort from the fire. To the liquor in the retort 
add water fuflicient, that the oily part may float upon it. 
Let this be feummed off, and as much lime-water be added 
to it as will neutralize any acid it may contain; and fhake 
them together. Lailly, take oft tiic ethereal oil after it is 
ieparated. The oily ethereal liquor of the Dub. Ph. is ob- 
tained by taking what remains m the retort after the diftil- 
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latiofl of fulphuric ether, and dialling to one half by a mo- 
derate heat ; the product of both thefe proceffes is a thick 
oily matter, of a yellow colour, lefs volatile than ether, but 
foluble both in ether and alcohol. It may be obtained 
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more dire&ly, though lefs economically, by diftilling ether 
with a portion of fulphuric acid. It is ufed for the prepa- 
ration of the compound fpirit. See Spirit of Ether. 



Tanning 


TANNING, the art of converting the gelatinous part of 
the Ikins of animals into the fubftance called leather, by im- 
pregnating it with tannin or the tanning principle, in fuch a 
manner as to render it tenacious, durable, and impermeable 
to water. 

It is difficult to fay at what period the art of tanning was 
difeovered. It was doubtlcfs known to the ancients in fome 
degree of perfection ; and it is highly probable that the (kins 
of animals were employed by mail as a covering long before t lie 
art of tanning was known : but they would require in this 
fhite to be conlhmtly kept dry, as moifture would foon 
bring them into a it ate of putrefa&ion. 

The aflringent matter, which converts the fkin into leather, 
abounds in lo many vegetables in every country, that ac- 
cident f° on lead 1° fame method of producing the 

change. Independent, however, of vegetables, many earthy 
and metilllic Jubilances have the property of rendering ikins 
incorruptible to a certain extent ; and fame mineral waters 
containing copper or iron will occation this change. 
Hence we may conclude that fome means of giving preler- 
vation to the ikins of animals muft have been known at a 
very early period. 

Though there has been no radical alteration or any great 
practical improvements in the art of tanning, yet for the 
laft twenty or thirty years it has attracted the attention of 
many celebrated chrmifts and philofophers in all countries, 
who have inveftigated the fubjed with great accuracy and 
precifion. Previous to this period we occafionally find fame 
experiments and obfervations by men of fcicncc on the ma- 
terials of tanning, as by the Hon. Charles Howard in 16741 
(Phil. Tranf. vol. ix.) by the abbe Nollet, Gefner, Gie- 
ditfeh, Buffon, dc la Lande, and others, in Mem. Acad. 
Sc. Paris and Berlin. 

In the year 1765, the Society of Arts and Sciences in 
London granted a premium of 100/. for the difeovery of 
a method of tanning with oak faw-duft ; and in 1795 the 
Rev. G. Swayne fuggefted the ufe of oak leaves. It is 
unqueftionably true that all thofc fubllances, and indeed 
every part of almoft every vegetable in nature, poffefTes a 
certain portion of the tanning principle ; but, cxclufivc of 
oak bark and two or three other well-known articles, the 
quantities of all the reft added together would be fo incon- 
Jiderable, and the proportion of tannin contained in them 
fo inadequate to the purpofes of manufa&ure, that, except 
for philofophical curiofity and chemical experiment, they 
are unworthy of notice. As the theories of fpeculative 
minds they are ingenious and amufing, but they afford very 
little ufeful information on the nature and properties of 


tannin, and have produced no beneficial refults m pra&ice. 

Dcyeux, about 1793, (Annales do Chimie, vol. xvii.) 
appears to be the lirfi chemiit who fuccefsfully explained 
the* true principles of tanning; which afterwards, with more 
practical application, were dill further developed by the 
labours of M. Seguin in 1795. Before his invettigation of 
this fubjeft, the theory of tanning was ftri&ly mechanical. 
The aflringency of vegetables, which produced the change 
in the (kin, was confidered as a refinous body, which had the 
cffe£l of giving firmnefs to the fibres of the (kin, and render- 
ing it infolubic. 

Scguin faw the operation in a chemical point of view : 
he examined the nature of the procefs fcientifically, and 
difeovered that the change which the (kin underwent in 
the operation of tanning, was the rcfult of a chemical union 
between a fubftance furnifhed by the vegetable employed, 
and the gelatinous part of the fkin. Tncfe principles he 
confirmed, by combining the vegetable fubftance in queftion 
with the gelatine of a folution of ifinglafs. 

It will be feen, from our article Tannin, that the com- 
pound difeovered by Seguin, and which is precipitated when 
an infufion of nuigalls is added to a folution of ifmglafs, is 
an infaluhle fubftance, having many properties common to 
leather. See Nicholfon’s Journal, vol. i. p. 271. 4X0. 

The pra&ice which M. Seguin founded upon his theory 
was generally admired. He firft extra&od the tannin from 
the vegetable, which was oak bark, and applied it to the pre- 
pared fit in in a more concentrated form, -with a view to im- 
pregnate it as fpeedily as poffible with the tannin. This was 
laid to be done with great fuccefs in one-third of the ufual 
time, and to have produced fuperior leather. The fame of 
this difeovery foon fpread throughout Europe, and Mr. 
Defmond, a man of education and intelligence in this country, 
took out a patent for the exclufive right of ufing M. 
Seguin ’s method of tanning. 

Although this procefs of fufpending the hides vertically 
in a very ilrong folution of bark faved much time, yet it 
was foon found to be adapted only to the thickefl hides 
ufed for fale leather, and quite unfit for the lighter kind of 
fkins which required flexibility and tenacity. This method, 
therefore, of Seguin’s, how r ever chemical and philofophical 
it might appear, did not anfwcr in the refult ; and as it 
was attended with much additional expence, has never been 
generally pra&ifcd in England. 

It was not, however, till 1803, when fir Humphrey 
Davy (a name ever to be recorded in the annals of fcience 
with gratitude and admiration) began to inveftigate the fub- 
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j('d, that the art of tanning was thoroughly underftood, and 
reduced to fcicntific principles. He mftituted a feries of 
experiments on the various fubftances employed — examined 
their chemical affinities and agencies — their aCtion upon 
animal matter, and combination with other bodies — and 
developed and explained the whole with a finsplicity and 
perfpicuity which forcibly elucidated the eflential principles 
on which the art depends. If this elucidation has not been 
productive of any material improvements in the mode of ma- 
nufacturing leather, it may perhaps be attributed more to 
the prejudices arifing from long habit, than to any defeCl 
in the theory and demonftrations of that enlightened philo- 
fopher. And here it may be remarked, that thefc demon- 
ftrations and that theory derive additional importance, and 
are entitled to peculiar attention, from having been ftrongly 
confirmed and fuccefsfully praCtifed by an intelligent and 
refpeCtable manufacturer (now retired from bufinefs), to 
whom we are chiefly indebted for this article. 

From thefe and other fources of information now open 
to the public, and from the general diffufion of knowledge 
among all claflcs, the man of fcience and the manufacturer 
are daily becoming more aflimilated to each other ; and if 
the latter fhould be taught to difeard all unfounded preju- 
dices, and to adopt more fcientific principles, there is reafon 
to believe that the various procefles of the art of tanning 
may yet be capable of great practical improvement. 

In the two valuable papers which fir Humphrey Davy ha3 
given in the Philofophical Tran factions for 1803, he considers 
the procefs of tanning as depending Amply on the chemical 
union of the tanning principle with the matter of (kin, fo 
as to form an infoluble compound. He has (hewn that 
Seguin’s quick method of tanning is not the beft ; becaufe 
the exterior ftrata of fkin being perfectly combined with 
tannin, before the interior ftrata are materially aCted upon, 
thereby prevent the latter in fome degree from imbibing 
the full aCtion of the folution. This renders the texture of 
the leather lefs equable, makes it harfli and brittle, liable to 
crack, and of courfe lefs durable. 

Sir Humphrey thinks it probable that another fubftamv, 
befides tannin, combines with the /kin, namely, the? cxtraCt, 
to which it owes much of its fupplenefs and tenacity — that 
the leather gets more of this fubftance from weak infufions 
of bark, than from the ftrong ones recommended by Scguin 
— that it is equally infoluble in water — and that, upon the 
whole, the methods now generally in ufc, may, with a few 
alterations, be confidered the beft. 

The various difcovcrics pretended to have been made, and 
the numerous patents obtained for their ufe and application, 
have hitherto tended very little to the advancement of fcience 
or the progrefs of the art. This may fairly be inferred from 
the conclufion of the celebrated chcmill above-mentioned. 
Indeed it appears by the fpecifications annexed to the pa- 
tents, that moll of thefe projected improvements purport 
to be either for the different conftruCtion and arrangement 
of the various pits— for the application of mechanical appa- 
ratus to diminilh labour — or for extracting the tannin and 
warming the infufion by artificial heat, with a view to acce- 
lerate the proccfs. Thefe fancied improvements arc only 
the idle theories and vifionary projects of fpeculative minds : 
but as it may afford information to the curious, and furnifli 
hints for future difeovery, we fubjoin 

Lift of Patents for Tanning . 

1790. Anthony Fay, efq. of London, for a mechanical 
apparatus to diminilh the labour of handlings to grind the 
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bark very fmall, and to concentrate it, by boiling, into a 
ftrong extraCt. 

1794. Samuel Afliton of Sheffield, for tanning hides 
and fleins with certain mineral productions. As fuch mate- 
rials were prohibited by the ftatutc of James I. an aCt of 
parliament was pafled to legalize the ufe of them. 

1795. Mr. Tucker of Wickham, Hants, for triple pits 
contpofed of wood, metal, and bricks, to keep up a con- 
ftcint fire at the bottom, to warm the infufion and expedite 
the proccfs. 

1796. William Defmond, efq. of London, for a new 
mode of tanning, according to M. Seguin’s method, as be- 
fore ftated. 

1797. Robert Crofsof Lancafter, for pits on a new 
conftruCtion, to enable him to apply artificial heat and to 
tan quickly. 

1799. Francis Brewin, efq. of London, for a peculiar 
conftrudlion and arrangement of pits, and for the ufe of 
machinery, See. 

1802. John Lawrence, for the ufe of oak faw-duft in 
tanning. 

1802. Thomas Martin of London, for conftrudling pits 
on a new plan, &c. 

1802. John Cant and John Miller of Monti ofe, for boil- 
ing the bark, 8cc. fo as to extradt the tanning principle moie 
effectually. 

1807. Robert John Stanley of Lincoln/hire, for tanning 
light leather without bark, for a peculiar preparation pre- 
vious to the application of ooze, and for boiling the mate- 
rials of tanning. 

1813. Sparks Moline, for the ufe of the folid extradt 
of bark. 

1815. Thomas Afhmorc, efq. for the ufe of all kinds 
of foot, whether from coal, wood, peat, or bones, and the 
oils and cmpyrcuvnatic liquors arifing from them by dillilla- 
tion or combuftion, to be applied to the pttrpofes of tan- 
ning. 

Of the utility of the laft -named patent, we (ball give no 
opinion at prefent ; but of the remainder it maybe affirmed 
that none of the methods therein recommended have ever 
been much pradtifed : fomc of them which were adopted by 
a few individuals, were attended with con fide r able lols ; and 
as moft of them are now laid afide, we may reafonably con- 
clude that they have not proved beneficial to the projedlors 
or to the public. 

Before we deferibe the prefent method, it may be ne- 
ceflary to premife, that in different parts of the kingdom, 
the fame terms and denominations are fometimes employed 
to delignate dillindl kinds of leather : but all tanned leather 
is technically claffed and univerfally known under two gene- 
ral denominations ; namely, bides and Jkins . The former 
term being commonly applied to the larger animals, as bulls, 
oxen, cows, See. which are chiefly intended for the foies of 
flout (hoes, and other purpofes requiring very thick and 
folid leather; while the latter term is ufed for calve , 
feals, Sc c. which, being thinner and more flexible, are in- 
tended for the upper leathers of fhoes and bouts, for faddk?, 
harnefs, Sec. 

The heavieft and flouted of the bull and ox hides arc 
generally feleCted to make what are technically called huts 
or baths, and are manufactured in the following manner. 

When the horns, Sec. have bct_n removed, the raw hides 
are laid on a heap for two or three days, and are then fnf- 
pended on poles in a clofe room, called a fmoke-houfe, 
which is heated fomewhat above the common temperature 
by a finouidcring fire : thi3 occafions incipient putrcfaCtior*, 
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which loofens the epidermis, and renders the hair and other 
extraneous matter eafy of reparation from the true (kin. 
This is effected by extending the hide on a wooden horfe or 
beam of a convex form, and feraping it with a large two- 
handled knife, called ^jlejhing-knife, which is bent, to fuit 
the convexity of the beam. 

The hides are then immerfed in a pit containing water 
(lightly impregnated with fulphuric acid. This operation, 
which is called raiftrtg, by diftending the pores and fwelling 
the fibres, prepares the hide for the reception of the tannin, 
and renders it more fufceptible of its adion. 

When the hides are fufficiently rai/ed , they are removed 
into a pit, in which they are lain fmooth with a ilratum of 
oak bark ground to a coarfe powder between each. 

The pit is then filled with the tanning lixivium or ooze, 
prepared from oak bark and water, and the hides remain 
a month or fix weeks without being moved. At the end of 
this time, the tanning principle being exhaufted, the ooze 
and fpent bark are taken out of the pit, and the hides put 
in again, Gratified with frefh bark, and covered with frefh 
ooze as before. Here they remain about three months, 
when the fame procefs is repeated, at about the fame inter- 
vals, three feveral times or more, according to the ftrength 
of the lixivium and the fubftance of the hides. When 
fufficiently tanned, they are taken out of the pit, hung up 
in a (bed to dry gradually, and being compreffed with a 
fteel inftrument, and beaten fmooth to render them firm and 
denfe, the operation is complete ; and having been numbered, 
weighed, and (lamped by the excife officer, to afeertain the 
amount, and denote the payment of the duty ( which will be 
noticed at the end of this article 1, they are ready for file, and 
are termed bulls or backs. Theft* form the thickeft and mod 
fubftantial foie leather for very (Irong fiioes, and arc chiefly 
intended for exportation. 

Crop bides are thus manufactured. The horns having 
been removed, the hides arc immerfed in pits containing a 
mixture, of lime and water, where they remain three or four 
days, being occafionally moved up and down, that each 
part may be uniformly expofed to the action of the lime- 
water. They are then taken out of the Kme-pits, and the 
hair and other extraneous matter being feraped off on a 
wooden beam, as before deferibed, are wafhed in water, to 
free them from the lime and filth adhering. They are now 
Immerfed in a weak ooze, and by degrees are removed into 
other pits, containing folutions gradually incrcafingin ttrength, 
during which time they are taken up and put down (techni- 
cally termed handling ) at lead once in every day, that all 
parts of the hide may be aded upon by the tanning principle 
equaLly and uniformly. This is continued for about a month 
or fix weeks, when they are put into other pits with fironger 
ooze and a fmall portion of ground bark ; from whence, as 
the tannin becomes exhaufted, they are removed to other 
pits in regular lueceflion, with frefh ooze and frefii bark, for 
two or three months. 

At the end of this period, the hides are put into larger 
vats, called layers , in which they arc ftratified, or lain fmooth, 
in a lixivium of greater Hrength, and with a larger quantity 
of ground bark between each fold. Here they remain about 
fix weeks, when they arc taken up and relaid in the fame 
manner, with frefii bark and ftrong ooze, for two months. 
This procefs is repeated, with little variation, once, twice, 
or thrice, at the diferetion of the manufacturer, till the 
hides arc thoroughly tanned ; when they are taken out of 
the pits, fufpended on poles to dry, and being compreffed 
and fmoothed, nearly in the manner before deferibed, are 
called crop hides , and form the principal part of the foie 
Jeather which is ufed in England. 
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The procefs of tanning^/??/*/ (calves, feals, See.) is fomc* 
what different from bides . They arc continued in the lime- 
pits for ten or fifteen days ; they arc then depilated and 
wafiicd in water, after which they are immerfed in an in- 
fufion of pigeon’s dung, called a grainer , having the pro- 
perty of an alkali. Here they remain for a week or ten days, 
according to the (late of the atmofphere and other circum- 
(tances, during which time they are frequently handled, and 
feraped on both fides upon a convex wooden beam. This 
feraping, or working , as it is termed, with the action of the 
grainer , helps to difeharge all the lime, oil, and faponaceous 
matter, and renders the (kin foft and pliant, fitted to imbibe 
the tanning principle. They are now removed into pits con- 
taining a weak folution of bark, where they undergo nearly 
the fame procefs of handling, &c. as crop hides ; but they 
are feldom firatified in layers; and the time occupied in tan- 
ning them is ufually from two to four months, according to 
their nature and fubftance. The (kins are then dried, and 
fold to the currier, who dreffes and blacks them for the 
upper leathers of boots and fhoes, for hamefs, and various 
other purpofes. 

The light and thin fort of cow-hides and horfe-hides un- 
dergo nearly the fame procefs in tanning as calfskins, and 
are applied to fimihr ules. 

Thofe proceffes are fuch as arc now comnjonly pra&ifed, 
varying, however, with tlie nature and condition of the pe- 
culiar kind of hides and (kins — with local habits and €ir- 
cumflancps — and with the (kill and experience of the manu- 
facturer. The greateft defed in the common methods ap- 
pears to exift in the means of extracting the tannin from the 
bark. Cold water i9 chiefly ufed for that purpofe ; but 
forne perfons conceiving that this does not entirely exhauft: 
the tanning principle, lubjcCt the bark, as before obierved, 
to the action of boiling water, &c. If, however, as fir Hum- 
phrey Davy has dated, the extraft as well as the tannin 
combines with the fkin, the extraction of the tannin by heat 
would tend to oxygenate the former, and render it infoluble 
in the liquid. 

The late ingenious Dr. Macbride «f Dublin invented 
and publifiied in i 778 a new method of tanning, the leading 
feature of which was the ufe of lime-water, which he con- 
ceived would extrad the virtues of oak bark more com- 
pletely than plain water. 

It has, however, been obferved, that both natural and artifi- 
cial tannin form compounds with the alkalies and the alkaline 
earths, and thefe compounds are not decompofablc by (kin. 
Lime forms with tannin a compound not foluble in water, 
and therefore Dr. Macbride’s fyftem is founded on erroneous 
principles, as fo much of the tannin as combined with the 
lime contained in the water was loft. It was alfo found, by 
ihe practical experience of tanners, that this method was in 
all refpeCts injurious rather than beneficial; and as it has 
long been univerfally rejeCtcd, it is not neccffary to enter into 
the detail. The reader who is defirous of further information 
on this point, may refer to Phil. Tranf. vol. lxviii. parti, art. 8. 

The application of fome new and cheap lubftitute for 
oak bark has been long a deli derat um in tanning. Cate- 
chu, the fuhftance we have fpoken of under the article 
Tannin, has been recommended, and its powerful tanning 
properties have been fully ascertained by experiment and 
a dual praClice : b but it is not likely that the article can be 
procured in fufficicnt quantity, or at an adequate price, 
for the purpofes of manufacture. The bark of elm, wil- 
low, larch, and other trees, together with vallonia (thet 
acorn of a peculiar fpecies of oak in Turkey), have all been 
employed in tanning with confiderable effed. 

The greateft hope which chemical fcience prefents, is the 
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probability that the tanning principle will, at fome future 
period, be formed artificially in fuch quantities and at fuch 
expenfe as will admit of its general application to practical 
purpofes. The important difeovery of Mr, Hatchett al- 
ready goes far towards the accomplilhmcnt of this objeft. 
He has diftinftly afeertained that a fubftance very analogous 
to tannin may be produced by expofing carbonaceous mat- 
ter, whether vegetable, animal, or mineral, to the aftion of 
nitric acid ; and has actually converted fkin into leather by 
deal faw-duft, afphaltum, pit-coal, wax-candle, and even by 
a part of the fame fort of fkin itfelf. The changes pro- 
duced in thefe bodies, by difuniting and recombining their 
elementary principles, may by further developement lead to 
a more economical procefs of tanning, and thus render ef- 
fential fervice to the arts and manufactures. 

Tanned leather is fubjeft to a very heavy excifc duty. In 
the ninth year of queen Anne, a duty of \d. per lb. was laid 
on all hides and Ikins tanned in Great Britain. In the fol- 
lowing year an additional ^d. per lb. was impofed. Thus it 
remained, amidit all the financial difficulties of fucceffive 
lyftem. But it a different mode of taxation and colleftion (as 
in Ireland, on the admeafurement of the pits ; or on the raw 
material, or any other plan) could be adopted, the benefits 
which would refult, both to the manufacturer and to the 
community, are incalculable. It would leave the tanner at 
full liberty to conduit his bufmefs entirely according to his 
Ml and judgment, and to unite with it the trades of currier 
and leather-cutter, which are fo naturally conne&ed with bis 
own. It would enable him to facilitate the procefs ; to fa\e 
much fuperfluous labour; to economize the materials of tan- 
ning, which are now unavoidably waited on ufelefs or inferior 
leather; to (have, divide, feleft, and appropriate certain 
hides and Ikins, or parts of hides and fkins, at the proper time 
for their peculiar purpofes ; to prevent the injury which lea- 
ther often receives in drying at particular fcafons ; and ulti- 
mately to improve the quality and reduce the price of one oi 
the molt ufeful articles of general confumption. 

Thefe are matters well worthy the confideration of the 
executive government and the legillature. Some attention 
has already been given to this fubjeft by the houfe of com- 
mons in the fcffions of 1815 and 1816, and we have no 
doubt that by further inveftigation, intelligent and unpre- 
judiced perfons might ealily arrange and complete a plan 
which wouldafford perfect fecurity to the revenue, would 
Amplify the colleftion, would prevent the pollibility of 
fraud, and at the fame time prove extremely beneficial to the 
manufacture and to the public. 
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chancellors of the exchequer, till 1812, when, by the aft 
52 Geo. III. c. 94. a further duty of ifyl,per\b. was added, 
making the whole duty on tanned liides and Ikins j</. per lb. 
The annual revenue arifmg therefrom now amounts to up- 
wards of 500,000 /. 

It may not be improper here to remark, that the excife 
duty on leather tanned in Ireland, is levied and collefted in a 
different manner. 

The aft 40 Geo. III. c. 9. palled in Ireland in 1800, in- 
Head of impofing a certain duty per pound weight, as in 
England, on all hides and Ikins tanned with oak bark, im- 
pofes a duty of nine pence by the year, for every cubic foot 
contained in all the pits in the yard of the tanner, allowing 
a deduftion of two-ninths for certain pits called latches, which 
are ufed folely for the purpofe of preparing the lixivium or 
ooze. By this aft the tanner was permitted, on giving cer- 
tain notice, to difeontinue not lefs than one-fourth, and by 
43 Geo. III. c. 97. not lefs than one-eighth for fix months, 
receiving a proportionate deduction from his monthly pay- 
ments of the duty. By the 48 Geo. III. c. 62. thole adts 
were made perpetual. 

Previous to the paffing the Irilh aft 40 Geo. III. the wri- 
ter of this article was confulted by the then chancellor of the 
exchequer in Ireland, on the relative amount of the intended 
duty of nine pence per cubic foot ; and upon accurate cal- 
culation it was found to bear a fair proportion to the duty 
then cxilting in England. If the prefont duty on leather 
tanned in this part of the united kingdom were propftr- 
tionably commuted on a fimilar plan, it would materially 
tend to the progrels of the manufacture. 

The chief obftade to great praftical improvement is the 
excife duty — not fo much from its amount (though that is 
very conliderable), as from the mode in which it is now 
levied and afeertained, namely, by weight, when the leather 
is dry and fit for fair. This mode neceffarily requires a 
fyflem of rules and regulations, which, from their multi- 
plicity and complicated nature, fubjeft the manufacturer to 
daily inconvenienc*, and to occafional hardlhips. For, not- 
withftamling the repeal of the oppreffive aft 1 James I. 
cap. 22, and other fubfequent ftatutes, the tanner is ftill 
reltriftcd, by various excifc laws, from advantageoufly 
lhaving and reducing his hides and Ikins — from mixing and 
removing them at his diferetion— and alfo from exerciftng 
the trades of a currier, See. 

Thofe reltriftions, it mutt be acknowledged, are in feme de- 
gree ncceffary for the proteftion and fecurity of the revenue, 
while the duties are impofed and collefted upon the prefent 
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TAR. See Pamlico. 

Tar, or Tarr, a thick dark -brown or black refmous ad- 
befive juice, iffuing from the wood and bark of old pines or 
firs, either naturally, or by burning. See Pinus. 

Some modern writers inform us, that tar flows from the 
trunks of pines and firs, when they are very old, through 
incifions made in the bark near the root ; that pitch is only 
tar infpiffated ; and both are the oil of the tree grown thick 
and black with age and the fun. The trees, like old men, 
being unable to perfpirc, and the fecretory du&s obllru&ed, 
they arc, as one mify fay, chuaked and fluffed with their 
own juice. Put the method ufed by our colonies in America 
of making tar and pitch, is, in effect, the fame with that 
of the ancient Macedonians ; as appears from the account 
given in the Philofophical Tran factions. And the relation 
of JL»eo Africanus, who deferibes, as an cye-wilnefs, making 
of tar on mount Atlas, agrees in fubflancc with the methods 
ufed by the Macedonians of old, and the people of New 
England of this day. The greater part of the tar im- 
ported into Britain is brought from the Baltic, and is dill 
prepared in nearly the fame method which is deferibed by 
Diofcorides as having been pra&ifed by the ancients. The 
branches of the trees are cut into billets, and piled up in 
large flacks which are covered \v»th turf. Fire is then ap- 
plied to the wood, and it is fuffored to burn with a flow 
imothered flame, during which proccfs the tar is formed by 
the decompofition of the refmous juice, which flows to the 
bottom, and runs out through a finall channel cut for the 
purpofe. The flacks arc generally built on the flope of a 
hill, fo that the tar is eafily collefted, and put into barrels ; 
in which flate it is brought into this country. The procefs 
now deferibed is termed “ diftillatio per defeenfum.” See 
Pine. 

A more expeditious and economical method of obtaining 
tar is pra&ifed in France and Switzerland. The wood is 
heated in large brick ovens, conftru&td for the purpofe, 
and thus it is charred more equally, and the tar is of a more 
uniform and better quality. In the Vallais the pines are 
felled in the preceding year, that the wood may be diffi- 
dently dry, and when the outer bark and twigs are ftripped 
off, tne remainder of the tree is cut into billets of toll rably 
equal fize. The oven is conftru&cd of (lone or brick, of 
the fhape of an egg placed on its fmall end : the floor is 
made either of a flat (tone, fcooped out into a hollow, or 
of feveral Hones accurately joined together. On one fide of 
it, about five inches above the lowcfl part, is a hole, in 
which a gun-barrel is thruft, and this ferves to convey off 
the liquid tar that is colle&ed. A large iron grate is laid 


at the bottom of the oven. The largeft of thefe ovens are 
about ten feet high, and five or fix feet in the largeft dia- 
meter. In charging the oven, bundles of billets are thrown 
in and fpread as evenly as poflible, the interfaces being filled 
with chips, till the charge nearly reaches the top. The 
whole is then covered with a layer of chips, and the top 
of the furnace is dofed with flat ftones heaped upon one 
another, gradually leflening the opening, and forming a 
kind of vaulted chimney, the mouth of which is four or 
five inches acrofs. The dry chips at the top of the furnace 
are then fet on fire, and the heat fpreads downwards, till the 
whole charge is fufficiently kindled. The chimney is then 
entirely doled with a large done, and wet earth is heaped 
on the ftones at top, and thrown on wherever the fmoke is 
obferved to burft out too ftrongly.* The melting then be- 

f ins, and the tar falls to the bottom, fills the hollow of the 
oor (which detains any bits of wood and other impurities), 
and runs off through the gun-barrel into cafks placed for 
receiving it. The fire muft be occafionally refrefhed by 
letting in a fmall draught of air through fmall holes left for 
the purpofe in the Tides of the kiln. "When the procefs is 
finifhed, the wood, completely charred, is taken out, and the 
oven, after having been cleared out, is again filled. The 
red wood and knots, being the richeft in refin, are found 
to yield about one-fourth of their weight of tar ; but the 
general average produdl is about io or 12 per cent, of the 
weight of the whole charge. After each procefs, a quantity 
of “ lamp-black” is collected beneath the ftones that form 
the vault of the temporary chimney. 

According to Theophraftus, not only the turpentine- 
trees, the pines, and the firs yield refin or tar, but alfo the 
cedars and palm-trees ; and the words pix and rofm are taken 
by Pliny in fo large a fenfc, as to include the weepings of 
the lentifeus and cyprefs, and the balms of Arabia and 
Judaea ; all which perhaps are near of kin, and in their 
moll ufeful qualities concur with common tar, efpecially the 
Norwegian, which is the mo ft liquid and beft for medicinal 
ufes. Thofe trees that grow on mountains, expofed to the 
fun or north wind, arc reckoned to produce the beft and 
pureft tar ; and the ldaean pines were diltinguiflied from 
thofe growing on the plain as yielding a thinner, Tweeter, 
and better feented tar. Every part of the tree, which is at 
all refmous, is fit for yielding tar ; but the red wood and 
the hard roots yield the beft in quality as well as the greateft 
in quantity. 

Every kind of wood will produce the pyroligneous acid 
(which fee), and tar by the deftrudive diftillation. Peat 
alfo will yield it in abundance. 
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There is alio a kind of tar, the projed of making which 
was fuggefted by Becher, the celebrated chemift, in the 
time of king Charles II., which has for feveral years been 
prepared from coal in the biffiopric of Liege, and in other 
parts of Germany : we alfo make confiderable quantities in 
England, efpecially near Brofeley, in Shropfhire, and at 
Briitol. In the bifhopric of Liege the coal is diftilled in a 
kind of ftill, compofed of two large cafl-iron pots. In 
England the coal is put into ovens, which are heated by fires 
lighted under their bottom, and the liquid matter is forced 
through an iron pipe inferted into the top of the oven, and 
which communicates with proper condcnfing vefTels. Wat- 
fon’s Chem. EfT. vol. ii. p. 346, & c. 

The earl of Dundonald, in Scotland, has lately invented 
the art of extrading tar and pitch from pit-coal, by a new 
procefs of diftillation. See Addrefs and Propofals by fir 
John Dalrymple, 1784. 

A fubftance refembling tar, called “ brai-gras,” and much 
ufed by the French for careening fhips, is made in the follow- 
ing manner. The oven, defenbed in the preceding part 
of this article, is charged with alternate layers of chips of 
green wood, and billets of dry, and all the refufe matter of 
turpentine, 8 c c. Over the whole is laid a ftratum of “ brai- 
hee, ,> or rofin, and the gun-barrel pipe is flopped up, and 
not tapped till the whole of the wood is reduced to char- 
coal. The vault of the oven is alfo covered more carefully 
after the charge is fufficiently kindled, and the whole pro- 
cefs is carried on more flowly, and the heat of the fire melts 
the rofin at the top, which mixes with the refinous fap, and 
the whole concretes into a dark refinous liquid at the bot- 
toth. When it is fufficiently cooled, it is drawn off and 
barrelled. This “ brai-gras” is of an intermediate confift- 
ence between tar and rofin. Aikin’s Did. 

Tar is properly an empyreumatic oil of turpentine, and 
has been much ufed as a medicine both internally and ex- 
ternally. 

Tar in lubflance, mixed with honey, has been found an 
excellent medicine for coughs. 

The ancients efteemed tar good againft poifons, ulcers, 
the bites of venomous creatures ; alfo for phthifical, fero- 
fulous, paralytic, and aflhmatic perfons. But the method 
of rendering it an inoffenfive medicine, and agreeable to the 
ftomach, by extrading its virtues in cold water, was un- 
known to them. Siris, fed. 9. 16, 17. 21. 28. See Tar- 
nvater , infra. 

Tar is fometimes given in fubftance, mixed with fo much 
powdered liquorice, or other fuch powdery matter, as is 
iiifficient to render it of a fit confiftence to be formed 
into pills. An ointment of tar has been direded in the 
pharmacopeias, which has been chiefly employed in cutane- 
ous diforders. See Unguentum e Pice. 

Dr. Cullen mentions an empirical pradice, with refped 
to tar, which is as follows. A leg of mutton is laid to 
roafl, and whilfl it is roafling it is balled with tar. Whilll 
the roafling is continued, a (harp fkewer is frequently thrufl into 
the fubftance of the mutton, 10 that the gravy may run out : 
with a mixture of the tar and gravy found in the dripping- 
pan, the body is to be anointed for three or four nights fuc- 
ceffively, and during the time the fame linen is to be worn. 
This is alleged to be a remedy in feveral cafes of lepra ; and 
Dr. Cullen knew one inftance of its having been employed 
in a lepra idhyofis with great fuccefs 5 but he had no op- 
portunities of repeating the pradice. 

But the chief ufe of tar is for paying the fides of fhips 
and boats, and their rigging, in order to preferve them from 
the effeds of the weather, which would otherwife crack or 
rot them. 


The tar obtained from the depofttion of pyrolig 

acid has been recommended as the bell preiervative for 
every kind of wood-fence. For this purpofe, it fhould be 
gently heated in an iron pot, and laid on with a brufh. It 
ioaks into the wood, and feems to leave no body, as the 
artifts exprefs it ; but after fome days 1 expofure to the fun, 
the furface and texture of the wood will be much altered ; 
for it will be found fo impervious and hard, that it will be 
very difficult to make any impreffion upon it. If a fecond, 
and efpecially if a third coat of this tar be put upon wood, 
it will then bear out , as the painters call it, fufficiently well ; 
and Mr. Parkes is of opinion that it will preferve all outfide 
wood-work much more effedually than any other means 
that have hitherto been employed for the purpofe. For or- 
namental paling, and all outfide work, a firft, and perhaps a 
firft and fecond coat of this tar might be ufed with great advan- 
tage ; and when thefe are dry, white lead and oil might be ufed 
to finifh the work. This fubftance not only hardens the wood, 
but effectually preferves it from worms and from all other 
infeds. It will ftop the progrefs of decay, when wood has 
become worm-eaten. It is obferved, however, that this tar 
is very different from that which is diftilled from mineral 
coal, but which the earl of Dundonald recommended for a 
fiinilar purpofe. The appearance of the application may 
be very confiderably improved by the following prepara- 
tions ; vix. 1 gallon of tar, 1 oz. of tallow, 2 oz. of pul- 
verized rofin, melted together and put on warm ; — or, 
1 gallon of the tar and 2 oz. of pulverized fulphate of iron, 
ufed as the other. This tar has alfo been found an ufeful 
varnifh for articles made of rolled iron, or of caft-iron. A 
beautiful varniffi for thefe purpofes may be formed by in- 
timately mixing in a gentle heat one gallon of the wood-tar 
with half a pint of rectified fpirits of wine. If this be laid 
on hot and properly hardened, it will prove a beautiful and 
durable black varnifli. Parkes’s Chem. Eff. vol. ii. 

Tar may fometimes be found ufeful as an application for 
cuts in fheep by clipping, and alfo to the parts affeded by 
the fly ; as well as in thofe of many other forts of animals. 
It is likewlfe applied to the axles or wheel-carriages, in order 
to prevent fridion, and might probably be Hill more bene- 
ficially made ufe of in this intention, by having a portion of 
black-lead incorporated with it, as it would laft longer, and 
be, at the fame time, more powerful in obviating the effeds 
of fridion. 

It ib a material which has alfo been recommended for being 
applied to the parts of trees from which boughs are taken ; 
in which cafes, the faces of the wounded parts and the edges 
of the bark are to be made perfedly fmooth by means of a 
proper knife ; and in a few hours afterwards, or as foon as 
the parts are become quite dry, they are to be carefully 
plaiftered over with the tar, which is fimilar to that employed 
for fmearing of (beep ; or they may be laid over with white or 
blue lead paint, well mixed with oil, and made rather thicker 
than that commonly uftd in painting. The tar is, however, 
certainly preferable, b< ing 01 a more adhering, healing na- 
ture ; and, when laid on in a thin ftate, is not fo apt to fall 
off in a fcaly manner by the adion and effeds of the weather, 
as is the calc with the other fubftances. 

As the component parts of vegeiable tar have been found 
toconfill of oil, refinous matter, pyroligneous acid, and water 5 
that which is of the fineft brown colour, has the leaft acri- 
dity, and which is the freell from a dark black appearance, 
is probably the beft and moil proper for ufe in applications 
as dreffings to animals 5 though the other kinds may be 
equally or more beneficial in different other intentions. 

Tar, when in intimate mixture and union with butter or 
lard, and the different precipitates of mercury or fulphur, 
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forms an excellent application in different difeafcs of various 
kinds of animals, cfpecially thofe of the fkin. 

Tar, Barbados, See Bitumen, and Petroleum Bar - 

badenfe . 

Tar, Mineral . See Bitumen. 

Tar •Water. As the cold infufion of tar has been for- 
merly much in vogue, and has been recommended by one of 
the moil learned and ingenious writers of the age, it may 
not be improper to give fome account of its virtues from 
the bifhop of Cloyne’s Siris, or chain of refledions con- 
cerning the virtues' of tar-water. 

In fome parts of America, tar-water is made by putting a 
quart of cold water to a quart of tar, and ftirring them well 
together in a veffel, which is left Handing till the tar finks 
to the bottom. A glafs of clear water being poured off for 
a draught, is replaced by the fame quantity of frcfli water, 
the veffel being fhaken, and left to Hand as before. And 
this is repeated for every glafs, fo long as the tar continues 
to impregnate the water lufficiently, which will appear by 
the fmell and tafte. 

But as this method produces tar-water of different degrees 
of ftrength, the author fays he chufcs to make it in the 
following manner : Pour a gallon of cold water on a quart 
of tar, and ftir and mix them thoroughly with a ladle or flat 
flick, for the fpace of three or four minutes ; after which 
the vefTel mull Hand eight-and-forty hours, that the tar may 
have time to fubiide ; when the clear water is to be poured 
off, and kept for ufe, no more being made from the fame tar, 
which may Hill ferve for common purpofes. 

This cold infufion of tar hath been ufed in fome of our 
colonies as a prefervative or preparative againft the fmall- 
pox, which foreign pradice induced the bifhop to try it in 
his own neighbourhood, when the fmall-pox raged with great 
violence. He fays the trial fully anfwered his expectation ; 
all thofe within his knowledge, who took the tar -water, 
having either efcaped that diftemper, or had it verv favour- 
ably. Several were preferved from taking the fmall-pox by 
the ufe of this liquor ; others had it in the mildeft manner { 
and others, that they might be able to take the infedion, 
were obliged to intermit drinking tar-water. He fays, he 
has found it may be drank with great fafety and fuccefs for 
any length of time, and this not only before, but alfo during 
the aforefaid diftemper. 

The general rule for taking it is, about, half a pint night 
and morning, on an empty ftomach, which quantity may be 
varied according to the cate and age of the patient ; provided 
it be always taken on an empty ftomach, and about two hours 
before or after a meal. 

It has been found, that feveral perfons infeded with cuta- 
neous eruptions and ulcers were immediately relieved, and 
loon after cured, by the ufe of this medicine. It is faid, that 
even in the fouleft diftempers, it proved much more fuccefs- 
ful than falivations and wood-drinks had done. It alfo fuc- 
ceeded, beyond expectation, in a tedious and painful ulcei- 
ation of the bowels, in a confumptive cough, and (as ap- 
peared by expectorated pus) an ulcer in the lungs, in a 
pleurify and peripneumony. And when a perfon who had 
been for fome years fubjed to eryfipelatous fevers, perceived 
the ufual forerunning fymptoms to come on, the drinking of 
tar-water prevented the eryfipelas. 

Tar -water cures indigettion, and gives a good appetite. 
It is an excellent medicine in an afthma ; it imparts a kindly 
warmth, and quick circulation to the juices, without heat- 
ing* and is therefore ufeful, not only as a pedoral and bal- 
famic, but alfo as a powerful and a fafe deobftruent in ca- 
chectic and hyfteric cafes. As it is both healing and diu- 
retic, it is very good for the gravel. The bi/hop fays he 
Vojl. XXXV. 


believes it to be of great ufe in a dropfy, having known it 
cure a very bad analarca in a perfon whofe thirft, though 
very extraordinary, was in a (hort time removed by the 
drinking of tar-water. From the fuccefs of this medicine in 
five or fix inftances, the bifliop believes it to be the belt and 
fafeft, either for preventing the gout, or for fo ftrengthening 
nature againft the fit, as to drive it from the vitals. 

It may likewife be fafely ufed in inflammatory cafes ; and, 
in fad, bath been found an admirable febrifuge, at once the 
fafeft cooler and cordial. 

The falts and more adive fpirits of tar are got by infufion 
in cold water ; but the refinous part is not to be diffolved 
thereby. Hence the prejudice which fome, perhaps, may 
entertain againft tar-water, the ufe of which might inflame 
the blood by its fulphur and refin, as a medicine, appears 
not to be well grounded. It is obferved by chcmifts, that 
all forts of balfamic wood afford an acid lpirit, which i# 
the volatile oily fait of the vegetable. Herein is chiefly con- 
tained their medicinal virtues ; and this author affirms, that 
by the trials he has made, it appears that thej acid fpirit in 
tar-water pofiefles the virtues, in an eminent degree, of that 
of guaiacum, and other medicinal woods. 

It is certain tar-water warms, and therefore fome may per- 
haps ft ill think it cannot cool. The more effeduany to 
remove this prejudice, let it be farther confidcred, that, at 
on one hand, oppofite caufes do fometimes produce the fame 
effed ; for inftance, heat by rarefadion, and cold by con- 
denfation, do both incrcafc the air’s elafticity ; fo, on the 
other haud, the fame caufe fhall fometimes produce oppofite 
effrds. Heat, for inftance, in one degree thins, in another 
coagulates, the blood. It is not therefore ftrangc, that tar- 
water fhould warm one habit and cool another ; have one 
good effed on a cold conftitution, and another good effed 
on an inflamed one ; nor, if this be fo, that it mould cure 
oppofite diforders. 

A medicine of fo great virtue in fo many different dif- 
orders, and efpecially in that grand enemy the fever, mull 
need 6 be a benefit to mankind m general. There are never- 
thelefs three forts of people to whom the bifhop fays he 
would peculiarly recommend it ; fea-faring perfons, ladies, 
and men of fludious and fedentary lives, bee Two Letter! 
from the Bifhop of Cloyne, See. publifhed in 1747. 

If it be afketl, what precife quantity, or degree of ftrength, 
is required in tar-water ? It is anfwered, that the palate* 
the ftomach, the particular cafe and conftitution of the pa- 
tient, the very feafon of the year, will difpofe and require 
him to drink more or lefs in quantity, ftronger or weaker in 
degree. Precifely to meafurc its ftrength by a ferupulou! 
exadnefs, is by no means neceffary. 

It is to be obferved, that tar-water fhould not be made in 
unglazed earthen veffels, thefe being apt to communicate a 
naufeous fweetnefs to the water. 

The fame ingenious author recommends tar-water in the 
plague, and for the diftemper among the horned cattle 5 with 
what fuccefs, muft be left to experience. 

Though this medicine, fays Dr. Lewis, is undoubtedly 
very far inferior to the charader that hath been given of it f 
it is apparently capable of anfwering important purpofes, 
as a deobftruent balfamic folution, moderately warm and 
ftimulating. It fenfibly raifes the pulfc, and increafes either 
perfpiration or the groner evacuations. He adds, “ I have 
been informed of fome late inftances of its good effed# in 
diforders of the leprous kind.” Mat. Med. 

Dr. Cullen thinks that the acid principle gives the virtue 
to tar-water, and on this account tne bifhop of Cloyne pro- 
perly preferred the Norway tar to that of New England, at 
tl>e former contains more acid than the latter. This eminent 
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phyfician acknowledges that he found this preparation in 
feveral cafes to be a valuable medicine ; and that it appeared 
to ftrengthen the tone of the ftomach, to excite appetite, to 
promote digeftion, and to cure all fymptoms of ayfpcpfia. 
At the fame time, it manifeftly promotes the excretions, 
particularly that of urine. From all thefe operations, it wHl 
be obvious, as the doftor thinks, that in many difordcra of the 
fyftem this medicine may be highly ufeful. Lewis. Wood- 
ville. 

It has been lately obferved by Dr. Darwin, that the wa- 
tering of ground with tar-water is capable of deftroying the 
white flug, which is fo highly dcftru&ive to vegetables. 

Tar-AT(P///p, in Ropt-Mak'tng , is made of copper, and holds 
from ten to twenty barrelsof tar. It is fet in Itrong brick-work, 
and over it is fattened, from fide to fide, in the direftion of the 
nipper, a bridge, made of three-inch oak -plank, thirteen inches 
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broad, through the middle of which is a mortife for the ftep 
to go througn, to keep the yarn down and clear of the bot- 
tom, when drawing through the kettle. On the fide of the 
kettle next the capftern, is an upright poll, twelve inches 
fquare, in which is fixed a nipper to prefs the tar out of the 
yarn ; and a ftaff, with a weight fufpended at the end, is 
fixed bn the fide of the nipper to keep it down, that the yarn 
may imbibe no more tar than is neccffary. 

Tar -RopC) a term ufed to fignify tarred rope, or rope- 
yarn, fuch as the thread of old cables, &c. This fort of tar- 
rope is ufeful for a great number of different purpofes, fuch 
as thofe of tying up the wads or (heaves of beans in the field, 
and many other fimilar articles ; the fattening of plants and 
trees to various kinds of fupports ; and for being applied to 
a variety of other little ufes of the more domeftic kind, as 
being cheap and readily procured. 
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TEASEL, or Teazel, in Botany . See Dipsacuk. 

Bcfidc the common wild fpecies of this plant, there is a 
large kind of it, the heads of which arc of fingular ufe in 
railing the nap upon woollen cloth, for which it is pro- 
pagated in great quantities in many parts of the weft of 
England. 

The foils moil adapted to the growth of this plant are 
thofe of the more ftrong and deep kinds, but which are not 
too rich ; as loamy clays, and fuch as have ftrong marly 
bottoms, and are lit for the growth of wheat crops. 

The moll favourable fituations are thofe that are rather 
elevated, open, and incline a little to the fouth ; and the 
higher grounds, particularly where the country is inclofed, 
an* the mod advantageous. 

For the preparation of the ground, where it is a lea, it 
Ihotild be ploughed up deeply in the early part of the year, 

in the beginning of February ; and where it is inclined 
to moifture/ it fhould be executed in narrow ridges of not 
.more than three bouts each, the furrow flices being laid over 
in as even and regular a manner as poflible, the fine mould 
from the furrows being raifed by the plough or fpadc fo as 
to cover the fvirface. But in lands that are fufficiently dry, 
and which are broken up from Hubble, the ploughing may 
be deferred to a later period, and be laid in ridges of much 
greater breadths, and in a more flat form. 

Mr. Billingfley, in his Agricultural Report of So- 
mrrfetfhire, has remarked, that in the providing feed, it 
fhould conftantly b<' taken from fuch plants as are the moft 
perfect of their kind, aM the molt productive in heads ; as 
there is much difference in the quantity that is afforded by 
different plants, fome producing nearly a hundred, while 
others do not afford more than three or four. It fhould be 
fuflVred to remain till it becomes perfectly ripened, and be 
ufed while frefh. 

With rcfpeCl to the proportion of feed, that which is 
moftly employed on the ac.*e is from about one to two 
packs, according to the above writer ; but fome make ufe 
of a larger quantity, as two p* cks, or more. 

It may be noticed, in regard to the feafon of putting in 
crops of this fort, that it is commonly about the middle of 
March or beginning of April. The common method of 
putting this fort of crop into the ground is tin* broad-caff, 
it being fown evenly over the turface, m the manner trial is 
pra&ifed for turnips, fown in this way. But before this is 
done, the land fhould be well harrowed down, in order to 
afford a fine flute of mould as a b»*d for the feed. It is then 
to be covered in by a flight harrowing with a light ffort- 
tir.cd harrow, fuch us is ufed for grsfs-feed‘<. Some, how- 
ever, prefer a light buff -harrow for this purpofe. 

However, this fort of crop may be fown in rows in the 
chill method, at tlm diffance of eight, twel/e, or more inches 
from each other, in the fame way as that oi the drilled tur- 
r ip. But this method is not, we believe, yet much em- 
ployed by thofe who arc in the practice of railing crops of 
tni.» nature. 

In the after-culture of crops of this kind, much depends 
oji the laud between the plants being kept perfefliy ciean 
and free from weeds j in having them fet out to proper and 
fufficient diftances, as about twelve inches j and in having 
them well earthed up. Some cultivators perform frequent 

S ings, that the ground may be rendered cleaner and moi e 
>w, confequently the growth of the plants be the more 


effeftually promoted. This bufinefs has ufually the name 
of fpaddling, or fpittling, and n executed with great dif- 
patch by labourers that are accu Homed to perform ir. 
When tliefe diggings have been fmifhrd, nothing further i: 
i.cceffary till the period of cutting, which is generally about 
the end of the month of July in the fecond year, which ij 
known by fome of the upperinoft heads beginning to blow ; 
its when the bloffoms fall, they are ripe, and in a Hate to be 
cut and feeured. 

This cutting is ir.oftly executed at three different times 
at the diftances of about ten days or a fortnight from 
each other. It is performed by means of a knife, contrived 
for the purpofe, with a (hurt blade, and a firing attached to 
the haft. This laft is done, in order that it may be hui.p 
over the hand or vvrifl, when the leaves are to be ft ripped 
from the ftem parts. A pair of ffrong gloves is likewife 
neccffary. Tims prepared, the labourer cuts off the ripe 
heads along the rows or lines, or othervvife, with about nine 
inches of firm, and ties them up in handfuls with the ftem 
of one that is more pcrfe&ly ripened, or otherwife. And 
on the evening of the day on which they arc cut, they ffould 
be put into a dry ffed ; and when the weather is fine, and 
the air clear, they ffould be taken out and expofed to the 
fun daily, till they become perfe&ly dry. As foon as they 
arc completely dried, they ffould be laid up in a dry room, 
in a clofe manner, till they become tough and of a bright 
colour, and ready for ufe. They ffould then be forted or 
feparated into three different kinds, by opening each of the 
fmall bundles. Thefe are diftinguifhed into kings, middling : , 
and ferubs , according to their different qualities. They are 
afterwards, the author of the above report fays, made into 
packs, which, of the firft fort, contain nine thoufand heads ; 
but when of the fecond, twenty thoufand ; the third is a 
fort of very inferior value. By "fome, before forming them 
into packs, they are done up into what are termed Haves, 
by means of fplit flicks, when they are ready for falc. 

The produce in crops of this nature mull be very uncer- 
tain, there being fome times fifteen, or fixteen, or more packs 
on the acre ; and at other times fcarcely any. The produce 
is difpofed of to the cloth manufacturers in Somerfetfhire, 
Wilt (hire, and York (hire. 

It has been ftated, that formerly an acre of land, if well 
grown, and what is deemed a full crop, often produced nine 
packs of kings , nineteen of middlings , and two of ferubs . 

In the county of Effcx, they have a fingular pra&ice of 
cultivating and growing teafel crops with feeds, fuch as 
coriander and earraway, producing thereby a fort of treble 
crop. It is ftated, that the feeds of thefe feveral plants are 
fown together, very early in the fpring, upon a ftrong old 
lay, once ploughed ; and generally yield very confiderable 
returns. 

It is noticed, that the head of the teafel is of a conical 
form, two or three inches in length, and one or one and a 
half in diameter at the bottom, or largeft end ; armed on 
every part with fmall ftrong points, turned a little down- 
wards ; and are bought by the woollen manufa&urcrs, who 
fix them upon frames, calculated to cover a cylinder, which 
is made to turn round, and flightly catch thtir fays, bays, 
and other fuch articles, which another part of the weaver’s 
machine draws againft them ; by which means the knap is 
raifed to almoft any length the rnanufa&urer wifhes. 

The largcil burs, and thofe moft pointed, are cftccmed # 
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iiic bed, and arc r.nv callod male f \tfeis ; lm*v , t re moiLj 
nlVd in the di effing and preparing of {lockings and co\erkt& ; 
the imaller kind, properly called the fullers' or drapers' 
te;d els, and Comet imes the female teafel, are ufed in the pre- 
paration of the finer fluffs, as cloths, ratccns, &c. The 
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Imaller kind fometimes, called lirwots heads y are ufed to draw 
out the knap from the coarfer fluffs, as bays, &c. 

The leaves of the common wild teafel dried, and given in 
powder or infufion, have been commended by fome as a 
powerful remedy againft flatufes or crudities in the flomach. 
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TEMPERING, in the Mechanic Arts y the preparing of 
Reel and iron, fo as to render them more compaft, hard, 
and firm ; or even more loft and pliant ; according to their 
refpc&ive occafions. 

Then* metals are tempered by plunging them, while red- 
liot, into fome liejuor prepared for the occafion : fomctime« 
pure water is ufed for that purpofe : our lockfmiths, &c. 
fcarfely ufc any other. 

When an infirument has been properly hardened, it is ne- 
ceflary to give it a certain degree of loftnefs, in order to 
adapt it for the purpofe to which it is to be applied. With 
this view, it .fhould be heated again to a certain point, 
uftially determined by its colour, and then inftantly plunged 
into cold water. This is called 44 letting it down to the 
proper temper.” It has been a queRion of difficult folu- 
tion, how the water acts in hardening iron and lied, it 
is well known, fays Mr. Parkes, in his 44 Chemical Lff.iys,” 
(vol. iv. ), that the hotter any piece of iron is made, and the 
more quickly it is cooled, the harder it will become in its 
texture ; and lie fuggefts that this may be owing to the lofs 
of its latent heat. In confirmation of this conjecture he 
alleges, that iron and Reel are generally allowed to owe their 
malleability to their latent heal. 

A compofition of divers juices, liquors, &c. has fome* 
times been ufed ; which is various according to the opinion 
and experience of the workman : as vinegar, moufe-ear water, 
nettle or Spanifh radifh-water, the water oozing from broken 
glaffcs, fuet, fait, oil, foot, diflilled wuiC, Tal ammoniac, 
urine, &c. But thefe methods are now generally abandoned. 
Mr. Stodart, a very ingenious and fcientific cutler in Lon- 
don, fays, (as Mr. Nicholfun informs us, Journal, vol. iv. 
4to.) tnat one of his workmen makes up his charcoal fire 
with /havings of leather, finding that this is effe&ual in pre- 
venting the tools from cracking in the procefs oi hardening f 
and he fays, that he has found no advantage from the ufc of 
fait in the water. 

To harden and temper Englifh, Flemi/h, and Swcdifh 
Reel, you mull give them a pretty high heat ; then luddenly 
quench them in water to make them hard ; but Bpanifh and 
Venetian Reel will need only a blood-red heat before they' 
be quenched. 

In confequencc of this operation, all the qualities of Reel 
are changed ; fo that from being very du&ile and foft, it 
becomes fo hard and Riff, that it is no longer capable of being 
cut by the file, but is itfelf capable of cutting or piercing 
very hard bodies, and that it does not yield to the hammer, 
but may be fooner broken in pieces than extended. It be- 
comes alfo fonorous, brittle, very elafiic, and capable of ac- 
quiring the mod beautiful polifh. This hardnefs and duc- 
tility of Reel may be diverfified by varying the temper. 


The hotter the Reel is when tempered, and the colder the 
water into which it is plunged, the greater hardnefs it ac- 
quires, but at the fame time it becomes fo much more brittle. 
The coldnefs of the water may be increafed by diffolving 
falts in it : obferving that water is always colder while the 
fait s continue diffolving ; and that the Reel will cool fooner 
by being ffirred about or placed in a Rream, fo as to come 
in contadl with water not already made warm. On the 
contrary, the lefs hot the Reel is when tempered, and the 
hotter the water is in which it is tempered, the lefs hard it 
becomes, and alfo the greater ductility it retains : and the 
proper degree of heat is always relative to the life for whirl t 
the tools made of the Reel are intended. 

It the Reel be too hard or brittle foi an edged tool, &c. 
let it down by* rubbing a piece of grindllone or whctfloiv* 
hard upon the w ork, to take off the black feurf : then 
brighten, or heat it in the fire : and as it grows hotter, you 
will fee the colour change by degrees, in the manner and 
by the gradations Rated under the article Cuti.f.ju. 

Saw -makers temper their tools by rubbing them over with 
fuet or other greafe, and then heating them gradually till 
the temperature of each tool is fufficiently railed to let fi re 
to the greafe of itfelf* and occafion it to blaze. They are 
thought to acquire in this mode of treatment a temper equal 
to that which would be obtained by heating them in the 
ufual way, till they became of a deep blue. This opera- 
tion, which is pra&ifed at Sheffield, is called 44 blazing.' 5 
For the method of tempering files, in which the great de- 
fideratum is to blend tenacity with hardnefs, fee Fn.r. 

In the year 1789, Mr. David Hartley took out a patent 
for a method or tempering Reel by the aid of a pyrometer 
or thermometer applied near to the furfate of the article, 
and at the fame time recommended the ufi* of heated oil, in 
which (he fays) many dozens of razors or other tools might 
be tempered at once with the utmoft facility, and the Vari- 
ous degrees of heat licceffary for different purpofes might 
fpeedily be determined by experiment, (See NicholfonL 
Journal, vol. i. 4to.) An improvement of this principle 
has been fince fuggefied by Mr. Parkes (Chcm. Eff. vol. iv. ) 
by providing a bath of oil or of fome kind of fufible metal 
for the tempering of every fpecies of edged tool, which 
contrivance would, in his opinion, give to this operation a 
reater degree of certainty, than has ever been experienced 
y thofe who have conduced fuch m inufadtorics. Sec 

TILTING. 

Steel is ufually fold tempered, becaufe in many mar.u- 
fa6tures, the cufiom is to temper it as foon as it is made, 
probably that the puitchafers of it may be better able to 
judge of its quality. When this Reel is to be ufed, it m::R 
be untempered by heating it more or lefs, and lettFg it 
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cool flowly, that it may be extended, filed, and receite the 
ncceffary form : after which every workman tempers it 
again in his own way. 

M. Berthoud, in his treatife on marine clocks, recom- 
mends hardening the fleel-balance wheel, by daubing it over 
with foot (of wood) moiftened with urine, putting it into 
a fmall box of thin iron-plate, and covering it over with the 
fame compofition. This box with its contents is to be 
heated to a blood-red, and then the wheel taken out fud- 
denly and quenched. 

Mr. Harrifon and M. Berthoud feem to agree upon the 
whole, that the balance-fpring of time-pieces fhould be 
hardened and tempered after it has been coiled up in its 
proper form ; and not tempered firft and coiled up after- 
wards, as is the praftice in making the main-fprmg. Some 
curious workmen, in order to equally temper fmall fteel in- 
ftruments, employ melted lead as an intermedium. A plate 
of iron floats upon the melted load, and reevivi s from it, 


TEMPERING 

in all its parts, an equal heat : the pieces of fteel laid upon 
this plate, acquire all at once the fame degree of heat, and 
are at once quenched in water ; the blue or other colours, 
which they lucceflively affume, affording fure marks of the 
proper points of heat at which they are to be quenched, 
according to the different degrees of hardnefs required in 
them. Lewis’s Com. Phil. Techn. p. 32. 

For the method of tempering fteel bars for artificial mag- 
nets, praftifedby Mr. Canton, fee Artificial Magnet. 

The ancients appear to fome to have had a better method 
of tempering than any of the moderns are acquainted with ; 
witnefs their works in porphyry; a ftone io hard, that 
fcarcely any of our tools make any impreffion upon it. 

Tempering of Land> in Agriculture , a term fignifying 
the preparing it for a crop, efpecially of wheat. It is a 
term in much ufe in Norfolk. It implies all the various 
operations that may be undertaken in this intention. 



Test and Testing 


TEST, in Metallurgy, is a veffel of the nature of a cop- 
pel, ufeil fur large quantities of metals at once, and formed 
of the fame materials. 

The coppels, or fmall veffels, ferve for operations of this 
kind, when fmall quantities only are concerned ; but when 
larger are worked on, veffels of a larger fize and coarfcr 
texture are employed, which are diftinguilhed by the name 
of te/h. 

Thefe are ufually a foot and half broad, and arc made of 
wood-afhes, not prepared with fo much care as for coppel- 
making, and mixed with finely powdered brick-dull ; thefe 
are made into the proper lhape, either by means of a lhallow 
veffel, nude of crucible earth, or cad-iron, of proper dimen- 
lions, or only an iron ring, or hoop, with three bars arched 
downwards acrofs the bottom, about two inches deep, and 
of different widths, from three or rear inches to fifteen or 
more, according to the quantity of metal to he tolled al 
once. 

To make them in the firft manner, an earthen vcflel is 
to be procured, not glazed within, ami by its depth and 
breadth proportioned to the quantity of metal to be worked ; 
the infide ot this veffel is to be well moiftened with fair wa- 
ter, that the allies to be put into it may adhere the better. 
Put into this veffel, thus prepared, the allies and brick-dull 
before-mentioned, and firft moiftened either with water alone, 
or with water with a little white of an egg mixed in it ; let 
the quantity of this be fo much as will half fill the veffel, 
then prefs the mafs with a wooden indented pclllc, or, if not 
fur a very large tell, with a wooden cylinder, only of an inch 
thick : when thus preffed down add frelh alhes, and prefs 
them a fecond time, as in the making of coppels, and re- 
peat this addition of frelh allies till the earthen veffel be 
nearly full ; then remove the fuperfluous alhes with an iron 
ruler, and let the inequalities remaining at the border be 
fmoothed with a wooden or glafs ball rolled round about. 
This done, you are to cut tnc cavity with a bowed iron, 
that you may have a broad fpherical fegment, not very deep ; 
and laftly, by means of a lieve, ftrew this cavity carefully 
and regularly over with dry alhes of bones of animals, ground 
extremely fine, and faueeze thefe hard in, by the rotation 
of the wooden or glals ball. Thus you have a tell finilhed, 
which, together with its earthen pot, mull be fet in a dry 


warm place. 

To make the tells in the other manner, or by means of 
an iron ring ; let a ring of that metal be filled with alhes 
mixed with brick-dull, and moiftened as before mentioned, 
in fuch manner that they may rife confidcrably above the 
ring ; then prefs them ftrongly either with your hands, or 
with an indented peftle, and afterwards, with gentle blows 
of a rammer, prefs the alhes from the circumference toward 
the centre, in a fpiral line, and that in fuch manner, that, 
after having been fufficiently preffed, they may be a fmall 
matter higher than the brink of the ring. If there are now 
any vacancies in the mafs, empty the ring, and fill it again 
with more alhes ; for if you ftiould attempt to fill up thefe 
by adding, were it but ever fo little, alhes, the fecond, or 
additional quantities, will never cohere fo firmly with the 
firft, but that they may probably feparatein the operation. 

This done, turn the ring upfide down, and on the other 
fide, or bottom, take out the alhes to the quantity of one- 
third part of the depth of the ring, and again fill the va- 
cuity with the fame alhes, in fuch a manner that there may 
remain no fenfiblc cavity, 

When the mafs is thus prepared, cut out a cavity in the 
larger furface of the ring, with a bowed iron, as in the 
former method. 

The Germans have, befide thefe, another kind of tells, 
which they call trribfcherleiu Thefe are a fort of veffels 
which refill the moll violent fire, and are fo extremely cora- 
paft, that they fometimes will retain not only melted metals, 
but even the glafs of lead itfelf. 

The figure and fize of thefe veffels may be the fame with 
that of the coppel, but they are ufually made larger ; and 
the great difference of thefe tells from coppels, and from 
the ordinary tells, which are indeed only a kind of large and 
coarfe coppels, is, that the matter of thefe is morecompltt 
and coherent. 

The matter for making thefe tells is thus prepared : take 
of the pureft and fined clay a fufficient quantity, make it 
into balls, and dry them either in the air, or on the fire ; 
when dried, beat them to powder in a mortar, and pour on 
the powder a gieat quantity of warm water ; let this mix- 
ture reft a while, ana when the clay has fubfided, pour off 
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TESTING, in Metallurgy , denotes die operation of re- 
fining large quantities of gold and filver, by means of lead, in 
the veffel called a trjh This operation is performed by the de- 
ftrudion, vitrification, and fcorilication of all the extraneous 
and deftruttible metallic fubftances with which thofe noble 
metals are alloyed. It confifts in adding to the alloyed gold 
and fdvrr, a certain quantity of lead, and in expoiing after- 
wards this mafs to the action of the fire. The lead, by mcreaf 
mg the proportion of imperfect metals, prevents them from 
being fo well covered and protected by the perfect metals ; 
by uniting with thefe, it communicates to them a property 
it has of loling very eafily a great part of its inflammable 
principle ; and luftly, by its vitrifying and fufing property, 
which it cxcrcifes witli all its force upon the calcined and 
naturally refractory parts of the other metals, it facilitates 
and accelerates the fuiion, the lcorification, and reparation 
of thefe metals. The lead, which in this operation is puri- 
fied, and fcorifios along with it the iniprrfedt metals, fepa- 
rates from the metallic mafs with vvluth it is then incapable 
of remaining united : it floats upon the furface of the melted 
mafs; becaufr by lofing part of its phlogiflon, (according 
to the former language of chemifts,) it lofes alfo part of its 
fpeeific gravity, and laftly it vitrifies. The removal of the 
vitrified matter in the procefs is procured either by the na- 
ture of the vefTel m which the melted matter is contained, 
and which, being porous, abforbs and imbibes the fcoriiied 
matter as fall as it is formed; or by a channel cut in the 
edge of the vefTel through which the matter flows out. 

The procefs of telling is generally performed in the fame man- 
ia i at? that of c upellation See A .vs a y is a and CqiMSLLi no. 

But when great quantities of bale metal are tc be spoilt .J 
off from a little gold, recourfe is had to a more expedition* 
method, that of telling before the bellows. An o\.tl tell 
is placed in a cavity, made in a hearth of a convenient height, 
and lome moiitened fand or allies preffed round it to keep it 
Heady : the nofe of a bellows is direded along its furface, 
in fuch a manner, that if afhes are fprinkled in the cavity of 
the tell, the bellows may blow them completely out ; fome 
have an iron plate fixed before the bellows, to din 61 the 
blafl downwards. To keep the furface of the tcfl from 
being injured in putting in the metal, fume cloths or pieces 
of paper are inttrpofed. The futl confifts of billets of 
barked oak, laid on the Tides of the tilt, with othcrB laid 
crofs-wiie on thefe : the bellows impels the flame on the 
metal, clears the furface of afhes or fparks of coal, haftens 
the fcorification of the lead, and blows off the fcoria, as faff 
as it is formed, to one end of the teft, where it runs out 
through a notch made for that purpoft. About two-thirds 
of the feorified lead may be thus collected ; the reft being 
partly abforbed by the teft, and partly difiipated by the 
aftion of the bellows. Care muft be taken not to urge the 
blaft too ftrongly, left fome portion of the gold fhould be 
carried away by the fumee impetuoufly forced off from the 
lead, and feme minute particles of it entangled and blown 
off with the fcoria;. Macquer’s Chem. Di£t. Art. Refining. 
Lewis’s Ph. Techn. p, 146. 

f water which fwims at top ; and let this wafhing be fo 
m repeated, that all the moil minute lumps of the clay 
broken, and whatever fait it contains perfefitly wafhea 
out : then add to this fine clay, of the pureft fand, of pow- 
der of calcined flints, ground, and well waihed, of faulty 
but clean Heflian crucibles, or of any incombuftible Hones 
ground very fine, fuch a quantity as will render the mafs 
thick, and hardly adhering to the hands in kneading it, or 
pliant when rolled into a thin lamina. 

This is the matter for making this fort of teds 5 but, be- 
fore any quantity of the veffels be made of this earth, it will 
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be prudent firft to finifti a Tingle one, and try it, by putting 
on it a quantity of glafs of lead, and expofing it for an hour 
or more to the ftrongeft fire ; by this trial you will be cer- 
tain whether or not the mafs i6 capable of making veffeh 
that will refill both the fire and the glafs of lead ; and by no 
other means but this trial is it poflible to determine the due 
proportion of the mixture of the ingredients for this ufe, 
on account of the variety of the clays. Nature in fome 
places affords a clay fo well tempered, that it is extremely 
proper for the making of tefts without any preparation, or 
without the admixture of any other matter. Sometimes 
this only requires a fimple wafhing, but commonly it is ne- 
ceffary to make it into balls, and powder or wafh them as 
before direded. 

On the trial of a teft: made of this, or the former mixed 
clay, if it runs into glafs, you muft add to it of the powder 
of ftones, efpecially fuch as beft refills the fire. Great care 
is to be taken not to add too much powdered chalk to thefe 
compofitions, fince if the matter is tempered with that 
alone, the tefts will indeed refifl the fire very well, but being 
too porous, they will yield a paffage to litharge, which will 
foften them to fuch a degree, that they will cither fall afun- 
der of themfelves, or be totally crufhed when taken hold of 
with the tongs. 

Thefe veffels are to be made in the following manner : 
rub over the Tides and bottom of a fmall mortar, and alfo 
its peftle, with oil, or with the fat of bacon ; fill it two- 
thirds full of prepared clay, then make a flight impreflion 
with your fingers in the middle of the clay ; then place the 
bottom of the peftle there, and force it down with blows of 
a hammer, the ftronger the better. When thus properly 
hollowed, take it out of the mortar, and pare its edges, and 
dry it, as the coppek are dried, in the air, in a dry warm 
place. 

Tefts thus prepared may be ufed as Toon as dry, unlefs 
for falts or litharge ; but thefe bodies, when melted in veffels 
not firft baked or hardened in the fire, always make their 
way through them. 

Some of the German writers alfo recommend, both for 
tefts and coppels, a fort of friable opaque ftone, called 
white fpath, which appears to be a fpecies of gypfum, 
or of the ftones from which plaftcr of Paris is prepared. 
The fpath is direded to be calcined with a gentle fire, 
in a covered vcffel, till the flight crackling, which happens at 
firft, has ceafed, and the ftone has fallen in part into powder ; 
the whole is then reduced into fubtle powder, which is 
paffed through a fine fieve, and moiftened with fo much of 
a weak folution of green vitriol, as is fufficient for making 
it hold together. Gellert, however, finds, that if the ftone 
is of the proper kind, which can be known only by trials, 
calcination is not neceffary. Thefe tefts arc liable to foften 
or fall afuuder in the fire, which inconvenience may be 
remedied, according to Scheffer, by mixing with the uncal- 
cined ftones fomewhat lefs than equal its weight, as eight- 
ninths of fuch as had been already ufed and penetrated by 
the fcoria of the lead, taking that part of the old teft whicn 
appears of a green-grey colour, and rejeding the red cruix 
on the top. But from his account it appears, that thefe 
lefts are lefs durable than thofe made of the afhes of bones, 
though much fuperior to thofe of wood-afhes. Vegetable 
afhes, which Hand pretty well the telling of filver, can 
fcarcely bear any great quantity of gold, which requires a 
confiderably ftronger fire than the other ; but bone-afhes, 
fays Dr. Lewis, anfwer fo effectually, and are among us fo 
eafily procured, that it is unneceffary for the refiner to fearcb 
for any other materials. Cramer’s Art of Affaying, p. 60. 
62. Lewis’s Com. Ph. Tech. p. 144. 



Tilt-hammer 


The tilt-hammer is diftinguifhed from the lift -hammer, 
or forge-hammer, by the manner in which it is lifted up 
by the cogs of a wheel which is turned by the mill. 

The forge-hammer is mounted on a centre of motion at 
the extremity of the haft or helve of the hammer oppofite 
to the head of the hammer, and the cogs of the wheel ope- 
rate beneath the helve near the head, to lift or tofs up the 
hammer againft a ftrong wooden fpring called the rabbit, 
which is firmly fixed over the head of the hammer. This 
fpring reflefts the hammer down upon the anvil with greater 
force and fmartnefs than the hammer would defccnd by the 
aftion of gravity alone. A lift forge-hammer is deferibed 
under the article Ikon. See Plate IV. Iron Manufacture. 

The tilt-hammer is poifed on pivots or a centre of motion, 
which is about the middle of the length of the helve, or 
fometimes at two-thirds from the head. The cogs of the 
wheel are made to aft on the tail of the helve beyond the 
centre of motion, and they profs down the end of the tail, 
and thus caufe a correfpondent elevation of the head of the 
hammer. Sometimes the fpring is placed over the head of 
the hammer, the fame as a lift -hammer ; but more commonly, 
the tail of the hammer is made to ftrike againft a fixed floor; 
and when the head of the hammer is thrown up fuddenly, 
the momentum given to it caufes the head to rife up after 
the tail ftrikes the floor, and thus bends the helve, which by 
its elaflicity caufes the head of tlio hammer to defccnd 
fmartly upon the anvil. 

The tilt-mills in the neighbourhood of Sheffield arc very 
fimplc : they are worked by a fmall water-wheel, upon the 
axis of which is a wheel with a great number of cogs, fixed 
in its circumference. Thefe fucceffively deprefs the tail of 
the hammer, and raife its head : the hammer falls by its own 
weight, aided by the fpring of the h^lve, upon the hot 
metal. The fize of the water-wheel, and the number of 
cogs in the wheel, are adapted to produce from three hundred 
to four hundred flrokes per minute. 

This great number requires the water-wheel to move with 
a velocity which is inconfiftent with the bell mode of apply- 
ing the fall of water, becaufe it is well known that water, 
as well as any other heavy body, can only defeend with a 
certain fpeed. If, therefore, the floats of the wheel are re- 
quired to turn v/ith a great rapidity, it h evident the pro- 
portion of work the wheel will perform, will be but fmall in 
proportion to the quantity of water expended. For this 
reafon, it is found to be a great improvement in tilt-mills to 
add cog-wheels which will give the hammers a fuflu i'*nt 
velocity, while the water-wheel turns at fuch a rate as is found 
to produce the greateft power from a given quantity of 
water. 

A capital mill of this kind is delineated in Plate Will. 
Iron Manufacture. It was made at the Carron iron-works 
in Scotland, after deiigns of the celebrated Mr. Smeaton. 
It is adapted for forging iron into bars, and has three tilt- 
hammers of different powers for different kinds of w r ork. 
Thefe hammers are not made to ftrike fo quick as is ufuul 
in the Sheffield mills for the tilting and drawing out fteel 
bars ; but by giving a greater number of cogs to the wheels, 
the requifite rapidity may be obtained without increafing the 
fpeed of the water-wheel. A capital mill was built at Shef- 
field about fix years ago, which is on Mr. Smeaton’s plan, 
f xcept in the proportions of the wheels, and its performance 
is fuperior to any of the other tilt mills. 

A A, in the plan Jig. i. are the walls of the building; 
B B the great water-wheel, which is of the kind called a 
breaft-wheel. (SccWate [{•Wheel.) It is z 8 feet diameter 


and 5 feet broad. The total defeent of the water which ac- 
tuates it is 7 feet 2 inches, and it falls upon the float-boards 
rather below the centre of the wheel, being retained againft; 
the floats by what is called the breafting, that is, a fweep or 
curved wall of mafonry, which is accurately adapted to the 
float -boards of the wheel, and as clofe to them as is poflible, 
to avoid touching. 

The axis C of the water-wheel is carried through the 
wall A, and on the extreme end of it is a large iron wheel 
I), of 90 wooden teeth, 9 feet 6 inches diameter. This 
turns a pinion E of 30 teeth, and 3 feet 2 inches diame- 
ter. The pinion is fixed on one end of a caft-iron axis 
G G, which is made very large, for ftrength, a.»d hollow 
within, like a pipe. The gudgeons b and G are fixed into it 
at each end, and upon thele gudgeons it revolves. F F is a 
caft-iron fly-wheel, fixed on the axis clofe to the pinion ; it 
is 12 feet diameter, and the rim 6 inches by 5. The 
weight is very confiderable, and gives it a momentum to 
regulate the motion of the whole mill, and equalize all irre- 
gularities which arife from the fueccffive aftions of the mill 
to raife the three hammers, L, M, and N. 

Each hammer has a feparatc cog-whecl, K, I, and H, to 
give it motion, which is effefted by the cogs of thefe wheels 
afting upon the tails of the hammers and preffing them down. 
This is explained by the elevation fig. 2. where e is the iron 
head of the hammer, f its centre of motion, and d the tail 
or extreme end, upon which the cogs of the wheel aft, and 
which is plated with iron on the upper fule, to prevent it 
from wearing. 

P is the anvil-block, which muft be placed on a very firm 
foundation, to refill the inceflant (hocks to which it is fub- 
jefted : the centre, /, or axis of the hammer, is fupported 
in a caft-iron frame, g h, called the hirft. When the cogs 
of the wheel flrike the tail of the hummer fuddenly down, 
and raife the head, the lower fide of the tail of the hammer 
ftrikes upon a fupport n, which afts to flop the afeent of 
the head of the hammer r, when it arrives at the deiired 
height ; but as the hammer is thrown up with a confiderable 
velocity as well as force, the effort of the head e to con- 
tinue its motion, after the tail ftrikes the flop n, afts to 
bend the helve I. of the hammer, and the elaflicity of the 
helve recoils the hammer down upon the anvil with a re- 
doubled force and velocity to that which it would acquire 
from the action of giavity alone. 

To obtain this aftion of recoil, the hirft gh muft be 
hold down as firmly poflible; and for this purpofe, four 
ftrong iron bolts arc carried down from the four angles of 
the bottom plate A, and made fall to the folid bafis of done 
R R, upon which the whole refts : upon this bafis are 
placed four layers of timbers, /, i, /, w, which are laid one 
upon another, and the timbers of each layer are laid crofs- 
ways over the others. Each layer confifts of feveral pieces 
laid fide by fide, and they are (lightly treenailed together, 
to form a platform. - Each platform is rather lefs than that 
upon which it refts, fo as to form a pillar of folid timber ; 
on the top of which the hirft-frame g h is placed, 
firmly held down by the four holts, which dvfcend throu mr 
all the platforms, and have fecure faftenings in’ the fohd 
mafonry beneath. 

The ftop n is fupported by a fimilar pillar, but fmaller, 
and compofed of three layers : the upper piece which is 
feen croflways in fig. 2, is about three feet long, and the 
under fide is hollowed, fo that the piece bears only upon 
the two ends, leaving a vacancy beneath it, which occafions 
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it to bend or fpring every time the tail d of the hammer 
ilrikcs upon it, and this aids the recoiling action very 
much. 

The axis on which the hammer moves is formed by a 
ring of call -iron, through which the helve of the hammer 
is put, and held fait by wedging round it. The ring has 
a projecting trunnion on each fide, ending in an obtufe 
conical point, which is received in a focket firmly fixed in 
the hirll-frame g h by ferews and wedges, one of which is 
feen at r. Tliefe two fockct s are thus capable of adjuft- 
ment, fo as to make the hammer face fall flat upon the 
anvil. The three wheels K, I, H, are of different fr/.rs and 
numbers of cogs to produce that velocity in each hammer 
which is befl adapted for the* work it is to perform : thus, 
the wheel K for the great hammer has eight cogs, and there- 
fore produces eight blows of the hammer for each revolu- 
tion of the fly-wheel ; the wheel I for the middle hammer 
lias twelve cogs ; and the wheel Id for the fmall hammer 
fixteen ; the latter w ill therefore make two ilrokes for every 
one of the great hammer. In fixing the three wheels upon 
the great fhaft G H, care is taken that they fhall produce 
the blows of the different hammers in a regular fuccefliou, 
and equalize as much as poftible the force which the water- 
wheel mull exert. The wheels are fixed upon the fhaft 
by means of a wedging of hard wood, driven in all round ; 
the wood, being capable of yielding a little to the (hocks 
occafioned by the cogs meeting t lie tails of the hammers, 
renders the concuffions lets violent. 

The follow ing are the principal dimenfions : 

The head of the great hammer, P, weighs 3*cwt., and it 
is intended to make 150 blows per minute; it is lift 'd 17 
inches from the anvil at every blow. 

The middle hammer, M, is 2cwt., and makes 225 blows 
per minute: it is lifted T4 inches each time. 

The fmall hammer, N, weighs i jcwt., and makes 300 
blows minute: it is lifted only 12 inches. 

To produce thel'e velocities, the great axis G mull make 
18J turns ^/-minute ; and the cog-wheels E and I), being 
in the proportion of one to three, the water-wheel mull 
make 6$ revolutions per minute ; the water- wheel being 
18 feet diameter, its circumference will be 18 x 3.1416 = 
56.54, or 56-5 feet ; this multiplied by 6.25 is about 393 feet 
motion per minute, or divided by 60 = 5.9 feet motion per 
fecond for the circumference of the water-wheel. 

The tilt-mills employed in the manufacture of fled, do 
not have the great hammer P, but the largeft they ufc is 
about the fize of that at M, and is adapted for welding 
faggots of fteel to make (hear fteel : the other two hammers 
are about the fize of N, and are made to work much 
quicker, viz. from 350 to 400 blows per minute. This is 
very eafily accomplifhed by making the wheels E and F as 
I to 4, inftead of I to 3, as (hewn in the drawing. 

TILTH, in Agricullurey a term ufed to fignify the con- 
dition of the earth or foil after the land has been ploughed 
and broken dow n by the harrow or other tool of the lame 
kind ; or the (late and circumftances of the ground in regard 
to tillage, or heart, as relating to manure. Thus we have a 
good and bad tilth, as well as land in and out of tilth, in 
Works on agriculture. 

TILTIL, in Geography , a town of Chili ; 30 miles S.E. 
of Valparayfo. . 

TILTING of Steel , the procefs by which bliftcred fteel, 
or fteel in the raw ftate, is rendered dudlile and fit for the 
purpofes of various manufa&ures. Tilting confifts in ham- 
mering or forging the fteel by a large hammer called a tilt. 
See LILT -Hammer. 

Steel is formed by two procefles : one in which it is 
made at once from pig or crude iron in the finery, nearly in 
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the fame manner as making bar-iron ; this is called natural 
fteel. In the fecond procefs, malleable iron, in bars, is im- 
bedded in charcoal or other carbonaceous matter, and ex- 
pofed to a confwlerable heat, till the ”irbon is thought to 
have penetrated fufficiently into the i. jn to have changed it 
into fteel. This is called converting the iron by cemeut- 
ation with charcoal; and the furnace m which the operation 
is performed is called a converting furnace. 

'Plie object of this procefs of cementation, is to impreg- 
nate the iron with a certain quantity of carbon, to be derived 
from the charcoal : like many other fimple operations, it 
requires great care and nicety to perform it properly, when 
put in pradtice on a large feale. The iron muft be expofed 
to the adtion of an intenfc heat in contact with carbon (but 
defended from the accefs of oxygen), until the iron imbibes 
a portion of carbon and becomes fteeL 

The quantity of carbon which muft be combined with 
iron to produce fteel, admits of confiderable latitude, and 
the qualities of the fteel vary in the fame proportion : with 
too little carbon, fteel will be (oft ; and not fufficiently hard 
when it has been fuddenly cooled by plunging in water. It 
has a rough and fomewli.it fibrous fradture, and in general 
may be faid to poffefs many of the qualities of malleable 
iron. On the other hand, in proportion as the quantity of 
carbon is diminilhed, an over-cemented fteel, containing an 
excefs of carbon, is brittle, eafily fufible, cxoefiively hard 
after being fuddenly cooled, and is liable to crack on the 
fudderi change of temperature from hot to cold. All tliefe 
properties are an approach to crude iron. 

The received opinion refpcCiing fteel and the hell caft- 
iron is, that they have the fame conftitucnt parts, hut in dif- 
ferent proportions ; the former containing a frnaller propor- 
tion of carbon than the latter. All the crude or call -iron of 
commerce contains oxygen in greater or lefs proportion, but 
the heft fteel is fuppofed to be nearly free from this. Mr. 
David Mulhet, whofe great pradlical and theoretical know- 
ledge entitles his opinion to the grenteft refpeft, fuppofes 
that the carbon contained in raft -iron and in fteel, cxilts in 
very different dates ; and that fteel is a combination of iron 
with pure carbon, iimilar to the diamond, but that crude 
iron, is iron containing the oxyd of carbon, which is char- 
coal. This opinion lie founded upon the refult of a very 
numerous ferics of experiments, many of winch he com- 
municated to the Philofophical Magazine, vol. xiii. He 
found that a piece of Swcdifh bar-iron, weighing 885 
grains, introduced into a Stourbridge clay crucible, and half 
its weight (442 grains) of charcoal well prepared; a clay 
cover, fitting exactly, being placed on, and the whole ex- 
pofed to a moderate heat for half an hour ; that the refult was, 
a perfedl button of fuper-carbonated crude iron, weighing 
928 grains, which therefore had gained -.‘ 0 th on its original 
weight ; while the charcoal, which remained in the crucible 
in an intenfely black date, weighed 290 grains, having loft 
34.4 per cent, of its original weight. . 

In a fecond experiment, made m a Iimilar manner, but with 


only a quarter of the charcoal, the iron gained of ito ori- 

19 iV 

ginal weight, and the lofs in charcoal was 45 per cent . : the 
metal was richly carbonated. When one-fixth of charcoal was 
ufed, the iron produced, refembled the produce of No. 1 . and 
2. of the crude iron of commerce ; its weight was increafcd 


- 1 -- 5 and 57 per cent, of the charcoal difappeared in the 

20 4 

proccls. 


With one-cighth of charcoal, the iron gained 


• of its 
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original weight ; and the weight of the charcoal which difap- 
peared was 67V3 per cent . The metallic button was very 
highly carbonated, and apparently formed an entire mafs of 
carburet. 

One-ninth of charcoal produced a fuper -carbonated but- 
ton of crude iron, rather inferior to the preceding in point 
of carbonization : its furface was fmooth, and of a dull 
lead-colour, entirely free from the ufual finning fpecks of 
carburet, which very rich crude iron contains upon its fur- 
face. It had gained equal to J r> th in weight by tlie fniion ; 
and the lofs in charcoal was 80 per cent . 

When treated in the fame manner with ^th of its weight 
of charcoal, the iron gained weight equal to 7 \ parts : and 
83.5 per cent . of the charcoal difappeared in the proccfs. 
The metallic button poflefled an uniformly fmooth furface, 
partially covered with carburet. 

One-fifteenth part of charcoal, expofed with the iron to a 
heat fufficient to melt it, was all loft ; the metal gained y 0 th 
in weight, which was exa&ly half the weight of charcoal loft. 
The furface of the button was not carbonated, as the fore- 
going experiments : the colour was blueifh-black, fmooth in 
the centre, but a little oxydated towards the edges. The 
fracture was that of clofe dark-grey crude iron ; the cryllals 
much clofer and more minute than in the preceding experi- 
ments. Its quality was fuch as manufacturers term No. 2. 
grey melting pig-iron. 

When only T ^th part of charcoal was employed, none of 
which remained after the fufion, the iron gained y, parts in 
weight : a fmall portion of amber-coloured glafs was found 
round the edges of the button. The fra&ure of the metal 
was fmooth ill very -white, occafionally ftudded with car- 
bonaceous fpecks in form of fmall grams : it exactly re- 
fembltKl mottled pig-iron. 

With ^th part of charcoal, the metal gained T V parts in 
weight, the whole of the charcoal difappearing. The upper 
furface of the button was fmooth, but the under confider- 
ably pitted. The concaves were chequered with the rude 
cryftallization peculiar to caft-iron. Its fracture was bright 
filvery-white, deftitute of grain, and exhibiting a very porfeCt 
ftreaky cryftallization (lightly radiated : its refemblance 
was ftrikingly fimilar to that of highly -blown crude iron, 
prepared in the finery for making malleable iron. 

A piece of Swedifh iron was placed in V^th its weight 
of charcoal : the fuiion of the mixture produced a metallic 
button weighing -r^r parts more than tlx iron employed, 
which increafe is not quite a quarter of the lofs in charcoal, 
which wholly difappeared in the experiment. The upper 
furface of the button was fmooth without configuration, 
but the under furface was uneven, and covered with minute 
but perfedl cryftallization : its fra&ure was blueifh filvery- 
white, compoled of flat dazzling cryllals, proceeding in lines 
from a centre to the edges of the button. Here it was 
evident, that from the fmall proportion of carbon combined 
with the iron, it was found to aflume the earlieft ftage of 
granulation approaching to the flate of fteel. The brilliant 
concretions obfervable in the furface of the button were too 
indiftiuCt and flat for fteel capable of bearing the hammer. 

When the proportion of the charcoal was reduced to 
rgth of the iron, its confequent increafe was but T £ rf th 
part. The upper furface of the button was fmooth, with 
a faint impreilion of a chequered cryftallization ; the under 
furface poflefled fome large pits fimilarly though more per- 
fectly cryftallized ; the TraCture was one fhade of blue 
beyond the laft experiment. A regular granulated furface, 
compofed of flat oblong cryflals, was obfervable, ftill too 
indiftin& and too much on edge for workable fteel. 

With only T ^th of the weight of charcoal, the button 
was deficient r l c th part of its weight originally ufed, yet 
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the whole of the charcoal was loft. The furfaces of tlii? 
button were uniformly fmooth ; the fraCture denfe, and 
difplaying a grain peculiar to highly faturated bliftered 
fteel. When put under the hammer with a low red heat, it 
withftood a few blows, but afterwards parted. 

Charcoal t t d : the metallic button weighed — lefs than 

3 1 r o 

the iron employed. Its furface was wavy and cryftallized : 
the under furface was rough, and contained one large pit ac- 
curately cryftallized : the fraCture was regularly granulated, 
fmall but dillinft, and of alight blueifh colour. The cryflals, 
though diitindt, were not fo prominent as thofe of eafy draw- 
ing caft -fteel ; it however hammered with the ufual degree of 
caution neceflary in the working cf caft-fteel. The bar of 
fled formed from the button was very proper for file-making, 
and other purpofes requiring highly converted fteel. 

The proportion was reduced to T ^ r th part the weight 

of iron : the produce was — - — lefs than the original weight 
2 2 

of iron. The furface of the button was fmooth, without 
cryllals : the under furface rough, and pofTefTed of one 
large pit in the centre, faintly marked with the ufual cryf- 
talfine appearance. The fracture prefented regular light- 
blue grains, diftinCt and more prominent than in the laft ex- 
periment. One half of this button was drawn into a neat 
fquarc bar, and proved excellent fteel. One end of it, being 
loofc and dialed, welded tolerably well, aud hardened after- 
wards with a low heat. From its quality, it feemed adapted 
for manufacturing penknives, razors, &c. pofleffing neither 
the extremes of hardnefs nor foftnefs. 

Mr. Mufliet continued this feries of experiments till the 
proportion of charcoal became fo fmall as -y-^th part ; and 
he gives the following conclufions, deduced from the refults. 

Farts by 
Weight. 

Iron femi-fteelified is made with charcoal T7t75 

Soft caft-fteel, capable of welding, with -tT* 

Caft-fteel for common purpofes, with t 

Caft-fteel requiring more hardnefs, with 
Steel capable of Handing a few blows but quite 7 
unfit for drawing, - - - J T ® 

The firft approach to a fteely granulated 1 

fradture, is from - - - J** 0 * 

White caft-iron - - - -yjr 

Mottled crude iron - vb 

Carbonated crude iron - 

Super-carbonated crude iron 
when any greater quantity is combined with it. 

In the above experiments it will be feen, that when more 
than V n th part of charcoal is employed, the weight of the 
produce is increafed ; but when lefs than Voth part is ufed, 
a lofs is experienced proportioned to the diminution of the 
carbon. The increafe 01 weight in the iron is by no means 
equal to the lofs in the charcoal, never exceeding the half 
thereof ; but this is accounted for in other experiments made 
by Mr. Mufliet, where charcoal was found to be tranfmitted 
through clofe crucibles in a high degree of heat. 

The French chemifts made a direCt experiment to prove, 
that the diamond is really carbon in a cryftallized ft ate. By 
inclofing a fmall diamond in a piece of malleable iron, and 
melting this in a clofe crucible, it was found to be con- 
verted into fteel, and the diamond had difappeared. 

The manufacture of natural fteel is carried on in Germany, 
and Swedenborgius gives us the following account of the 
method ufed in Dalecarlia for making fled from caft-iron. 


TT 

°r 
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The ore from which the crude iron to be converted into fteel 
is obtained, is of a good kind ; it is black, friable, and com- 
pofed of many fmall grains : it produces very tough iron. 
The converfion into fteel is made upon a forge-hearth, 
fomething fmaller than that commonly ufed for converting 
cad-iron into malleable iron : the Tides and bottom arc made 
of cad -iron ; the tuire is placed with very little inclination 
on one of the fide -plate 3 ; the breadth of the fire-place is 
fourteen inches, its length is greater ; the lower part of the 
tuire is fix inches and a half above the bottom : in the inte- 
rior part of the fire-place, there is an oblong opening for 
the flowing of the fuperfluous fcoria. 

The workmen firfl put fcoria on the bottom, then char- 
coal and powder of charcoal, and upon thefe the cad-iron, 
run or cut into fmall pieces. They cover the iron with more 
charcoal, and excite the fire. When the pieces of iron are of 
a red white, and before they begin to melt, they Hop the 
bellows, and carry the mafs under a large hammer, where 
they break it into pieces of three or four pounds each : 
the pieces are again brought to the hearth, and laid within 
reach of the workman, who plunges fome of them into the 
fire and covers them with coal. The bellows are made to 
blow fiowly till the iron is liquefied, when the fire is increafed; 
and when the fufion has been long enough continued, the 
fcoria is allowed to flow out, and at that time the iron 
hardens. The workman adds more of the piece of crude 
iron, which he treats in the fame manner, and fo on a third 
and fourth time, till he obtains a mafs of fleel of about a 
hundred pounds, which is generally done in about four 
hours. This mafs is carried to the hammer, where it is 
forged and cut into four pieces, which are further beat into 
fquare bars four or five feet long. When the fleel is thus 
forged, it is thrown into water, that it maybe eafily broken, 
for it is yet crude and coarfe -grained. The fleel is then 
broken in pieces, and carried to another hearth, fimilar 
to the former. Thefe pieces are laid regularly in the 
fire-place, firll two parallel, upon which feven or eight 
others arc placed acrofs ; then a third row aero fs the fc- 
cond in fuch a manner, that there is a fpaee left between 
thole of the fame row : the whole is then covered with 
charcoal, and the fire is excited. In about half or 
three quarters of an hour the pieces are made hot enough, 
and are then taken from the fire one by one, to the 
hammer, to be forged into little bars from half a foot to 
two feet long, and while hot, are thrown into water to 
be hardened. Of thefe pieces, fixteen or twenty are put 
together, fo as to make a bundle, which is heated and 
welded, and afterwards forged into bars four inches 
thick, which are then broken into pieces of convenient 
length for ufe. 

Converting of Steel by Cementation •with Charroah — The 
quality of fleel is intimately conned ed with that of the iron 
from which it is converted, and the iron made in Sweden is 
efleemed the befi for the purpofes of cementation. This 
procefs is almofl wholly in the hands of the Englifh, who 
pay a higher price for the iron, and by that means fecure 
nearly afl the iron of Roflagia, which is the bell iron of 
Sweden. 

The bell marks of Swedifh iron arc : that called the hoop 
L, which is denoted by a circle, with an L in the centre ; 


thus, ((D) the G L ; thus, 


the double bullets 


thus, The iron of thefe three marks bears nearly the 

fame price, which is fometimes as high as 40/. per ton. 


There arc alfo the Swedilh marks \ as P L, ( the hoop 


S, (^) : 


and the gridiron, 


which are wortli 


few pounds per ton Iefs than the former ; viz* from 34/. to 
38/., when the beft marks arc 40/. 

The Ruffian marks are, firfl, that called the C C N D : the 
mark is fix R uflian letters, C H E H P B, worth about 
37/. per ton, when the others are at 40/.: and the P S I, 
which is marked by the Ruffian letters P S I, is fo inferior, 
as to fell for only 26/. or 27/. 

It is to be lamented that, in the prefent (late of our 
iroH manufa&urc, we are unable to produce malleable 
iron which is equally fit for converting into fteel with 
the Ruffian and Swedifh iron. The general opinion upon 
this deficiency is, that it arifes from fome fuperiority 
in the foreign ores of iron, but more immediately from 
the circumftance of their ufing charcoal of wood inftead 
of the coke of pit-coal in lmelting or reviving them ; 
and foine of our manufacturers do not hefitate to aflert, 
that they can make iron with charcoal equal to the foreign 
in quality ; but that in refpeCt to price, the circumftances 
of this country will not allow them to cope with thofe 
countries, where the deflruClion of wood is in fome mea- 
fure coniidered as beneficial, by clearing the land for the 
operations of hufbandry. 

The SwediJh and Ruffian iron is imported into this 
country by iron merchants in immenfe quantities to- 
gether, this trade being in the hands ot a few in- 
dividuals : by them it is retailed in fmaller portions to 
the converters, whole furnaces are chiefly r about Sheffield 
and at Newcaflle, who, after cementation, difpofe of the* 
greater part of it to the manufacturers of fteel goods in 
the ft ate of bliftered bars. Its value is eflimated by the 
Swedifh or Ruffian marks of iron, which dill remain upon 
the bars. The manufacturers fend their bars to the tilt - 
mills, where they are made into common fleel and fheai or 
German fleel, or they melt it to form call -fleel. 

The converfion of iron into fteel is performed in n fur- 
nace, hence called a converting furnace. The external build- 
ing is a large and tall cone, fimilar to a glafs-houfe, within 
which, one or two large crucibles, called pots, arc placed, 
and furrounded by flues in a manner beft calculated to com* 
municate a conflant and regular heat to every part of them. 
In thefe pots the iron bars arc placed, being ftratified in 
pulverized charcoal, and the pots are covered over with 
laud to exclude the external air. 

A more perfeCt idea of the converting furnace will be 
had by referring to Plate VII. of Iron Manufacture, which 
contains a horizontal plan and two vertical fedtions of one of 
the furnaces ufed in the neighbourhood of Sheffield, with two 
pots for containing the iron. In all the figures, the fame 
letters of reference denote the fame parts. C C is the exter- 
nal cone, built of brick or ftoue work ; its diameter at the 
bale varies in different furnaces, according to the fize of the 
pots it contains : its extreme height from the ground to its 
vertex fliould not be lefs than forty or fifty feet to caufe a 
proper draught. To create a fufficient heat for the proccfs, 
the top of the cone ufually terminates with a cylindric 
chimney of fome feet in height. The conical form of the 
external building is by no means eflential ; any form will 
operate in the fame manner, if it is of a proper height : fome 
arc in practice built nearly in the fhape of the fmall end of 
an egg, with a round chimney upon the top. The lower 
part of the cone is built fquare or octangular, as is the plan 
of Jig* 3. The Tides are carried up until they meet the 
cone, giving the furnace the appearance of a cone cut to a 
fquare or octangular prifm at its bafe, and exhibiting the 
parabola where every fide in ter fed 3 the cone. 

The conical building contains within it a fmaller furnace. 
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called the vault, built of fire-brick or ilone, which will with- 
stand the a&ion of a moil intenfe heat, without cracking or 
vitrification. D D in the fe&ion is the dome of the vault, 
and E E its upright Sides, the fpace between which, and the‘ 
wall of the external building, is filled up with rubbifii and 
fand. The vault, as is (hewn in the plan, is always four-fided, 
that it may contain the pots which receive the iron bars to be 
converted. A B reprefent the t.wo pots, built of fire-done, 
each ten feet long, three feet deep, and two feet nine inches 
wide ; the fpace between them is twelve inches wide ; and 
dire&ly beneath it is the fire-grate. The pots are fupported 
by a number of detached courfcs of fire-brick, as (hewn at 
e e (fig. i.) which leave fpaces between them, called flues, to 
conduct the flame under the pots : in the fame manner, the 
lides of the pots are fupported from the vertical walls of the 
vault, and from each other, by a few detached ffon^s, 
(f, fig* i.) placed fo that they may intercept as little as 
pofliblc of the heat from the contents of the pots. The adja- 
cent fides of the pots are fupported from one another by fmall 
piers of ftone-work, which are alfo perforated, as fhewn at 
d (Jig. 2. ) to give paflage to the flame. The bottoms of the 
pots are built of a double courfe of brick-work, about fix 
inches thick ; the Tides neared together are built of a Angle 
courfe of Hone, about five inches in thick nefs; and the other 
parts of the pots are tingle courfcs about three inches, the 
{ides not requiring fo much ftrength, becaufe they have lefs 
heat and prefTure to refill. 

The vault hasten flues or ftiort chimneys, F F, rifing from 
it ; two on each fide, to carry off the fmoke into the great 
cone, (hewn in the plan 3, communicating with each fide, 
and two at each end. 

In the front of the furnace, at H, an aperture k made 
through the external building, and another corrcfponding in 
the wall of the vault : thefe openings form the door, at 
which a man enters the vault to put in or take out the iron : 
but when the furnace is lighted, thefe doors are clofed by 
fire-bricks luted with fire-clay. Each pot has alfo fmall open- 
ings in its end, through which the ends of two or three of 
the bars are left projecting in fuch a manner, that by only 
removing one loofe brick from the external building, the 
bars can be drawn out without difturbing the proccls, to 
examine the progreft: of the converfion from time to time: 
thefe are call. d the tap-holes ; they fhould be placed in the 
centre of the pots, that a fair and eqr Hie judgment may 
be formed from their reftik of the refl or its contents. 

ab, in the elevation, is the fire-grate, formed of bars laid 
over the afh-ph I, which mult have a free communication 
*eith the open air, that it may convey a current of frefh air 
to fupply the comb lilt ion. The afh-pit fhould alfo have Heps 
Hown to it, that the attendant to the furnace may get down 
to examine by the light, whether the tire upon the whole 
kngth of the grate is equally fierce; and if any part appear 
fluff, he ufes a long iron hook to thru fl up between the bars 
and open a paflage for the air. The fire-place is open at both 
ends, and has no doors. The fire-grate is laid nearly on a level 
with the floor of the warehoufe, before the furnace, and the 
hreman always keeps a heap of coals piled up before the 
apertures at its ends, fo as to clofe the opening. This forms 
a very Ample and effe&ive door; and when the furnace re- 
quires a frefh fupply of fuel, a portion of the heap of coals 
is fhoved in by a fort of hce, and the heap renewed, to flop 
any air from entering into the furnace, except that which has 
paflc*d upwards through the ignited fuel, and by that means 
contributed to the combuftion. 

The fire-flones that compofe all thofe parts of the fur- 
nace which are expofed to the a&ion of the heat, are firfi 
hewn nearly to fize, and finifhed by grinding two furfaces 
together, fo that they make very perfect and clofe joints : 
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when laid together, they are cemented with well-tempered 
fn e-clay, mixed up very thin with water. The fire-clay which 
anfwers bed for this purpofe, is that brought from Stour- 
bridge, in Staffordfhire, and is the fame of which the cele- 
brated Stourbridge crucibles are compofed ; but very good 
fire-clay for the purpofe is procured from Birkin-lane, near 
Clieflerfield. When the furnace has been once burnt, this 
clay becomes equally hard with the done, and is lefs liable to 
fly or vitrify in an intenfe heat, than any other known cement. 

The procefs of charging the furnace with iron for con- 
verfion is conduced as follows. The bars of iron are lirfl 
cut to the length of the pot*; and for this purpofe an anvil in 
placed at fuch a diflance from the wall of the building, that 
the diflance from the edge of a cold chifiel wedged into the 
eye of the anvil, to the wall, will be juft the length of the 
pots. One workman places the end of a bar againfi the wall, 
and lays the other end acrofs the edge of the chiflcl, whilft 
another with a fledge-hammer ftrikes upon the bar till it is 
cut half through; then it is turned the other fide upwards, 
and the end cut completely off. By this gauge the bars are 
all cut to one length, and a man enters through the door in 
the vault, to difpofe of them in the pots : h^ is provided with 
a bafket of fine pulverized charcoal, a fievc, and a ftiovd. An 
iron plate is put into the furnace, and lays over the fpace 
between the two pots to form the floor, upon which the man 
ftands while at work. lie commences his operations by 
fifting a layer of charroal over the bottom of the pot, about 
half an inch thick, and he is careful in ufing the fieve to lay the 
charcoal of an even thicknefs in every part ; but if it fhould 
not be carefully done, lie levels it with the flio\el. The work- 
man on the outfide now' introduces the bars into the furnace 
through a hole, made by taking out a brick in the wall, jud 
over the end of one of the pots, and the workman within 
depofits them upon the (l rat um of charcoal in the bottom of 
the pot, arranging them parallel to each other, and leaving an 
interval of about an inch between each bar. When the 
bottom of the pot is in this manner covered with iron bars, 
charcoal is again lifted upon them, and levelled with the 
jfhovel, to fill up the intermediate fpaces between the bars, 
and to cover them about an inch thick : another layer of 
bars is then introduced into the furnace, placed upon the 
charcoal, and in it r turn covered over with a ft rat um of char- 
coal ; and in this manner the pot is filled to within two inches 
of the top. A layer of the fand which is found in the 
bottom of grinddone troughs, is then fpread three or four 
inches thick upon the whole, to » ,vcr the pots up clofe, and 
prevent the accefs of the common ai» and flame. In placing 
the fucccfiive layers of ban in the pot, it is proper that each 
fhould be laid over the fpace between two of the bars in the 
lay r er beneath, becaufe each bar will then be furrounded by 
a greater thicknefs of charcoal, than it would if they were 
laid dire£lly over each other. Two or three of the bare, 
fhould be left fomewhat longer than the red, and their ends 
fhould projeft through the trial-holes in the ends of the pots, 
and fand rammed round them in the holes to keep out the air. 

The pots being both filled and covered up with the fand 
and rammed down, the holes for introducing the bars are 
clofed by a brick or fire-flone, and luted with fire-clay. The 
apertures through the outer wall oppofite the ends of the 
trial-holes arc alfo dopped and luted. The iron plate upon 
which the man Hood is now removed, and the doors in the 
vault clofed up by bricks fet with fire-clay ; next, the opening 
in the external building is (hut up, and the furnace is cnarged 
ready for lighting. 

Tne furnace is kindled by lighted wood placed on the 
fire-grate, then a few coals are thrown in, and when well 
lighted, the quantity is incrcafed ; the heat thus generated 
rarefies the air contained in the vault and in the great cone ; 
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and being thus rendered of lefs fpecific gravity than the ex- 
ternal air, it rtfes up in the cone, and a frefh fupply rulhes 
in through the bars of the grate, to reitore the equilibrium. 
By going through the fire, this air parts with its oxygen, 
and excites the combuflion, and becoming heated, rifes up 
the chimney, and caufcs a very ftrong draught of air to 
enter the fire. 

At firft kindling, the fuel is fupplied in fmall quantities, 
that the heat in the furnace nay be gradually increafed, and 
not endanger the cracking of the flones : in a few hours time 
the quantity of fuel is increafed, fo as to produce the full 
heat, which is to be maintained as equally as poflible through- 
out the whole procefs. The fuel, which is pit-coal, is intro- 
duced at both ends of the grate, through fmall arches in the 
wall, which are in a line and on a level with the fire-grate, 
a quantity of coals being always left before the end of the 
arch to ftop it up, ana proven* any air getting into the 
furnace, without palling through the grate. Part of thefe 
coals is forced into the furnace, as before mentioned, when 
it requires a fupply of .fuel, which is generally at intervals 
of about half an hour each. The fireman frequently ex- 
amines the appearance of the under fide of the fire-grate, 
and judges from it the Hate of the fire : he improves it where 
neceflary, £6 before deferibed, by thrulling a hook up 
between the bars to make way for the air. 

The flame arifing from the ignited fuel upon the grate 
partly proceeds upwards between the pots, and heats them 
by that means ; it then ftrikes the roof of the vault, and is 
reverberated down upon the pots, and cfcapcs through the 
fix flues or chimnics in the vault. The draught alfo draws 
the flame from the grate under the pots, and round the out- 
fide and ends. The principal objedt in this flage of the pro- 
cefs, is to maintain the fame degree of heat in every part of 
the pot, that every bar may be equally converted in the fame 
fpacc of time. The roof of the vault mull be built of very 
good ftone (none being better than from Roches quarry, in 
Alhover), to withfland the great heat exerted upon it : it 
is cuftomary to build them very thin, and cover the outfide 
with a fmall thicknefs of dry fand to keep them tight, in cafe 
of a Hone cracking. 

In this way the fire is kept up in as equable a manner 
as poflible, until the iron is fuppofed to have imbibed a 
fumcient portion of carbon from the charcoal to render it 
fit for its intended purpofe : in this circumftance, the manu- 
facturer regulates his judgment by his experience of former 
procefies. About the time that he fuppofes the converfion 
to be fufliciently advanced, one of the trial-bars is drawn out 
from the pot, and by comparing thefize of the blillers raffed 
upon its furface with another bar which is known to be fuffi- 
cicntly carbonated, an idea is formed of the Hate of the furnace, 
and accordingly the fire is, at the proper time, difeontinued, 
and the furnace \s fuffered to cool. Some mamifadhircrs pro- 
ceed to make experiment of the trial-bar by hardening and 
tempering it, fo as to prove to a certainty the degree of its 
converfion, the blifters being found in fome degree fallacious ; 
for their fize depends as much upon the degree of heat to 
which the bar has been expofed, as upon its carbonization, 
and fhew the rapidity with which the converfion has been car- 
ried on, rather than its a&ual ftate. 

The time which the iron is required to be in the procefs 
of cementation depends upon a variety of concurring cir- 
cumftanccs. i . The degree of carbonization required to form 
a fteel of the proper quality ; this varies with the ufe the fteel 
is to be applied to. 2. Tne heat it is fubje&ed to. 3. The 
nature of the iron employed in the procefs. The combinations 
of thefe circumllance8 are fo numerous, that nothing but long 
experience can determine the proper duration of the procefs. 
Vol. XXXV* 


TILT-HAMMER 

In general terms it may be obferved, that a fhort period 
will produce a Heel very fo ft and tenacious, which, when 
properly treated, will poflefe elafticity as its moft ftriking 
property, and is therefore very proper for fprings, wire- 
drawing, and other purpofes requiring du&ility, but without 
the haranefs requifite for edge-tools. The period of cement- 
ation for fucli flecl varies 111 different manufa&ories, from 
four to fix days and nights. 

Steel which requires more hardnefs, but at the fame time 
fufficicnt tenacity to refill fudden fhocks, fuch a3thc edge-tools 
for working wood are fubjed to, mull be cemented a longer 
time. This, which is moftly tilted into (hear fteel, is cemented 
fix, feven, or eight days, according to the heat and the qua- 
lity of iron employed. The fteel employed for fabricating 
tools for cutting metals and hard fubftances being but fmall 
in demand compared with the others, is not cemented a 
longer time, but is returned into the furnace at the next 
charge, along with a charge of iron, and cemented again 
with frefh charcoal : this is termed double converted fteel. 
But for fome few purpofes, fuch as the turning and boring 
of caft-iron, the fteel is converted three times : in this ftate it 
becomes fo hard and brittle as to be totally unfit for any 
purpofe requiring tenacity, or for any cutting edge which 
lefs than an angle of 70 degrees, or it would be continually 
breaking. 

The heat which is requifite for the procefs, muft be a* 
great as to give the iron nearly a welding heat, but if car- 
ried farther, will endanger melting the bars when the procefs 
has proceeded fome time ; an accident which has frequently 
occurred through the inattention of the fireman. It is ob- 
ferved by manufadlurers, that the carbonization proceed- 
quicker when the heat is greateft, and for this rcafon the 
duration of the procefs varies in different furnaces, in form 
meafure from their conftru&ion, in urging a greater he.it, 
and this depends chiefly upon the height of the chimin \ * 
and the draught it occafions. 

When the converfion is fuppofed to be complete, the fur- 
nace is fuffered to cool, until a man can conveniently enter 
the furnace, to take out the bars and remaining charcoal, and 
prepare the furnace for a new charge. The bars which are 
brought out are (from being covered with blifters upon tin 
furface) termed biiftered fteel. 

On examination of the fra&ure of a biiftered bar, it is 
found full of internal cracks, which are generally parallel to 
the flat fide of the bar : fome of them are larger than others, 
and extend the parts of the bar fufliciently to raife numerous 
protuberances or blifters upon its furface. Thefe cracks have 
every appearance of being opened by the expanfive force of 
fome gas generated in the iron during the proedfs, but what 
the nature of this gas is, ftill remains to be inveftigated. It 
feems to arife from the body of the iron itfelf, by the crack 
being within the folid fubfcance of the bar. The fracture 
of the biiftered fteel is exceedingly irregular, of a white 
colour, like frofted filver, and appears like an irregular ciyl- 
tallization ; but the facets exhibited at e larger in proportion aa 
the cementation has been longer continued, and from this 
reafon they are larger towards the furface of the bar thar, 
in its centre. 

The furnace above deferibed is of that kind which ic 
efteemed the beft for the procefs, and 13 moft generally em- 
ployed in and about the neighbourhood of Sheffield in York- 
fhire, where the manufa&ure of Heel is carried on in a larger 
fcale than in any other part of England. The furnaces ufed 
at Newcaftle, which is another feat of this trade, are very 
fimilar. 

The charge confifts of twelve tons, each pot containing 
fix tons of iron ; and it is neceflary that all the bars converted 
4 ? 
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at one procels be of the fame fize, or the fmaller ones would 
be thoroughly converted before the others had taken up a 
fufficient dofe of carbon. This large quantity of a fingle 
article is more than the trade of fome manufacturers will 
difpofe of, they therefore employ fmaller furnaces, which con- 
tain only eight tons, and fuch are generally conftru&ed but 
with one pot ten feet in length, three feet broad, and two feet 
deep : the fire-place is direCtly beneath the pot, twenty inches 
wide, and flues are carried round it on both Tides and ends : 
the vault and chimney of fuch a furnace are the fame as the 
double pot. It is found by experience that the fmall fur- 
naces confumc fomewhat more fuel in proportion to the 
quantity of iron they convert, than the large ones, becaufe 
the heat loft in the beginning and end of the procefs, and that 
tranfmitted through the walls of the building, is the fame in 
both inftances. 

Mr. Daniel Little of America, in 1785, recommended a 
new fubftance to be ufed in the cementation of fteel in Head 
of charcoal : it is the marine plant known by the name of rock- 
weed, or rockware, and is found in great plenty on rocky 
(bores in America. It was to be prepared by firft mowing it 
from the rocks by the feythe or fickle, and fpreading it out on 
dry land till the rains have wafiied off the greater part of the 
fea-falt ; it was then to be dried and pulverized, and may be 
ufed as any other cement for making of fteel. He fays that he 
difeovered this property in an experiment where a fmall piece 
of iron was put into a crucible, and filled with the powdered 
plant as a cement : after it had been expofed to little more 
than a cherry heat for five or fix hours, it was converted 
into fteel. 

All cemented fteel in its raw ftate, after it is taken from 
the converting furnace, is called bliftered fteel ; becaufe the 
furfaces of the bars are covered with blifters, and on break- 
ing a bar it is found to be full of cavities withinfidc, which 
feem to have been opened by fome gas generated in the iron 
when in the procefs of cementation, and to have raifed the 
furface into blifters, which are hollow within. In this ftate 
the fteel is not fit for any purpofe, becaufe of thefe numerous 
cavities, and from the great difpofition it has to break with 
the moft irregular and rugged fra&ure imaginable. To render 
it found and teracious, it muft be well hammered while at a 
moderate heat, which operation is termed tilting the fled, 
becaufe it is done under the tilt-hammer, worked by ma- 
chinery. There are many reafons why the hammering of 
fteel cannot be fufficiently performed by hand : the principal 
are, that the expence of labour would be too great to anfwer, 
and that a man could not ftrike hard and quick enough, to 
complete the operation at one heat of the fteel : if more than 
one heat is taken, the fteel will not receive fo much advan- 
tage from the hammering, becaufe when it is heated, its 
pores are opened ; and if fuffered to cool without hammering, 
the grain of the fteel will be found confiderably coarfer ; 
therefore, every time it is heated, the good effects of the pre- 
vious hammering are in a great meafure loft. Tilt-hammers 
are worked by water-wheels or fteam-enrines, according to 
the local fituation of the manufactory. (See adefeription in 
the article Tilt -H ammer, Plate VIII. Iron Manufacture!) 
The fame axis is made to a&uate three or four tilt-hammers 
placed fide by fide, and the hammers are not all of equal 
lengths, each one being fhorter than the next : by this ar- 
rangement, when they are all working together, the work- 
man of one tilt does not incommode thole employed at the 
other two. The anvils of the hammers are nearly on a level, 
or at moft only a few inches above the furface of the ground ; 
and the workman fits in a pit or foffe, dug for the purpofe, 
in a direction perpendicular to the helve of the tilt, upon a 
feat which is Impended from the roof of the building by two 
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iron rods : by this means he can with the greateft Cafe advance 
to or from the hammer, by juft touching the ground with 
his foot, and pufhing himfelf backwards or forwards as he 
fits in the fwing. The three feats are in parallel directions, 
but fufficiently diftant from each other, in confequence of 
the different lengths of the hammers, to allow the workmen 
to perform their bufinefs. At a convenient diftance from 
each tilt, is placed the forge for heating the Heel. The two 
forges for the fmall hammers are placed together under the 
fame dome, while the other forge is by itfelf near the great 
hammer. The bellows for the forges are worked by a lmall 
crank on the end of the gudgeon of the fhaft ; they are 
placed over-head in the roof of the building, and a copper 
pipe conveys the air to the tue iron. The forges are like 
thofe ufed by fmiths, except that they have a fmall cover 
built of fire-brick over the hearth : the cover is fquare within, 
about eight inches wide, eight high, and eighteen inches or 
two feet long. It is open in front, to introduce the bars. The 
coals are placed on the hearth, as fmiths ufually do, and the 
brick cover a&s, to reverberate the dome down upon the fteel, 
and give a very regular heat. Each workman at the tilt is 
attended by two boys, who heat the fteel at the forge, and 
convey it to the workman, that he may lofe no time : ano- 
ther boy attends each, tilt to take away the finifhed rods and 
cut them to length, and then to ftraighten them. 

The operations of the tilt are conduced in the following 
manner : Suppofe a piece of fteel has been heated by one of 
the boys, and brought to the man at the hammer, he places 
it upon the anvil, at a part neareft to the centre of the ham- 
mer, where its furface is reduced to a round edge, about 
an inch wide : the face of the hammer is made round, to 
correfpond with the anvil, and from its fimilarity to the edge 
of a fmith’s hammer, may be called the pen of the hammer 
and anvil. The machine is always in rapid motion, and be- 
tween every ftroke that the hammer makes, lie moves the 
bar forwards on the anvil, that it may be ftruck by the edge 
of the hammer in a frefh place. If the bar is flat, as blif- 
tered fteel ufually is, it is firft hammered in this manner 
upon its edge, to reduce it to a fquare, and at the fame time 
draw it out in length. When it has been hammered thus all 
its length, the furface becomes indented on both Tides by 
the edges of the hammer, the anvil being bounded by 
waving lines. This firft operation is called notching do*vn - 
The tilter then removes the bar beneath the flat face of the 
hammer, and the rod is flattened at every ftroke, and all the 
iiidentation removed ; when he gradually recedes from the 
hammer, drawing the rod along, and flattening it all the way. 
When the end of the rod comes under the hammer, he turns 
the other face of the rod upwards, and advancing to the 
hammer, pufhes the rod forwards under it : in this manner 
Lc proceeds, flattening it on one fide or the other, until he 
brings it to the proper fize, which he tries by a gauge. The 
moment it is finifhed, the boy brings another piece of hot 
fteel, which he places under the hammer, and then the other 
boy takes away the finifhed rod from the tilter, who takes 
the frefh piece : in doing this, they are careful that the hot 
piece of fteel is placed under the hammer before the other is 
taken away, that the faces of the hammer and anvil may not 
ilrike together, when there would be danger of breaking 
them, as they are both made of caft-iron : the fecond piece 
is tilted in the fame manner as before, and when finifhed, is 
changed for another. 

The perfe&ion of tilting fteel, depends upon drawing out a 
rod perfe&ly ftraight to the fame fize in every part of its 
length. Many workmen, particularly at Sheffield, have ac- 
quired fuch /kill and dexterity in the management of the rod 
while under the tilt, that their work is as ftraight and even 
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its though it had been drawn through a fteel-plite, in the 
fame manner as wire, and all its angles perfedtly fquare : its 
furface is of a black polifh, and as fmooth as though it had 
been filed. All artifts ufe the fquare Heel rods for making 
their tools; and the ftraightnefs and regularity of the rods 
are fuch, that a perfon who has not been an eye-witnefs of the 
operation, would fcarcely believe it poflible to produce fuch 
accurate work from the blows of a hammer. The points to 
be attended to by a tilter are, that in notching down the bar 
to draw it out to length and fize, he caufes the blows to fall 
exa&ly at equal diftances from each other, unlefs (which fel- 
dom happens) the bar fhould have any part thicker than the 
reft ; the ftrbkes muft then be a little nearer together in that 
place, to reduce it all to one fize. Afterwards, to flatten the 
bar, he muft be careful to place the bar truly flat upon the an- 
vil, and hold it in the fame place, whilft he draws the bar un- 
der the hammer, and that lie moves himfelf with a perfcftly 
equable motion, that every part of the bar may be alike fub- 
je&ed to the aft ion of the hammer : the furface will then be 
true, and free from undulations. Another circumftance to 
be attended to is, when he turns the bar upon the anvil to 
hammer the adjacent fides, that he makes them truly fquare 
to the former Tides. Thefe things muft all be done in fo little 
time, that it requires long prafticeand experience to perform 
them well. Beginners are always apt, when they place their 
feet on the ground, to move themfelves too quick juft at that 
time, which caufes the bar to be thicker at that place. 

The different methods of condufting the operation of 
tilting, give the fteel different qualities, which are diftin- 
guifhed into i. Common fteel ; 2. Shear or Newcaftle fteel, 
alfo called German fteel ; and 3. Tilted call fteel. 

Common fled is made by tilting bars of bliftered fteel, and 
drawing them out into rods of any fize. The 'bliftered bars 
are of various fizes, but in general about an inch and a half 
broad by half an inch thick. If thefe are to be drawn into 
rods half an inch fquare, they are broken into convenient 
lengths to handle*, and one end of each piece is heated to a 
good welding heat by the boy who attends the forge, who 
puts three or four in the fire together, and, according to 
their fize, he learns by experience at what time he muft put 
every one into the fire, that it may acquire the proper degree 
of heat by the time that the tilter (hall have juft finiftied the 
other bars. 

The tilter firft begins by notching down the narrow 
edge of the bar, holding the other end of it in his hand, 
ana notches down fuch a length of it as experience teaches 
him will be fufficient to form a rod of the length and fize re- 
quired. The notching on the edge of the bar rather increafes 
its thicknefs, while it diminifties its breadth, and brings it 
nearly to the fquare figure of a rod : he then flattens it, and 
begins again to notch it down upon the broad fide ; after- 
wards he again flattens it ; then proceeds to notch it upon the 
edge, and afterwards to flatten it once or twice on both 
Tides, and the rod is finiftied. 

When a ikilful tilter ha9 been fome hours at work upon 
rods of one fize, he judges by fight when the rod is of the 
proper fize ; but on firft beginning, he tries it by a gauge, 
and flattens it repeatedly, if neceffary, the boy bringing a 
piece of hot fteel to place under the hammer while he is 
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gauging, and which is drawn out in its turn. When the 
tilting is completely finiftied, the fteel rod is taken away by 
another boy, who, with a pair of fhears, cuts off the rod 
from the bliftered bar from which it was drawn out. He 
places the rod on a flat caft-iron table, and fets it truly 
ftraight by a hammer, then {lamps the bar with a mark of 
the quality of the fteel, and it is finiftied. 

All thefe operations are performed in fo Ihort a time, that 
the rod ftill retains a red heat ; but this will excite lefs fur- 
prize when it is confidercd that the hammer ftrikes fom 
nundred blows per minute,, and falls with great weight, fo 
that it foon completes the work, and it iR very probable that 
the great percuuion it exerts upon the fteel in fome meafure 
preferves the heat. It is well known that blackfmiths are in 
the conftant habit of lighting a match to kindle their fire, 
by only hammering a fmall piece of iron quickly, and turn- 
ing it about under the hammer, and in a Ihort time it acquires 
fuificicnt heat to inflame the fulphur of the match. This heat 
moft probably arifes from the friftion which the hammer 
caufes amongft the particles of the iron, by rubbing them vio- 
lently againft one another ; and the fmiths ohferve, that the 
iron will not become red-hot if it is always ftruck upon 
the fame fide ; but it muft be turned round, that a new fur- 
face may be continually expofed to the attion of the 
hammer. 

Shearfleel is fo called, becaufe the (hears for drefling woollen 
cloth are made of it. It is alfo called Newcaftle fteel, be- 
caufe formerly made there ; and German fteel, becaufe the 
natural fteel in Germany is treated in the fame way ; it is 
likewife called faggotted fled To make (hear fteel, the bars 
of bliftered fteel are broken into lengths of about eighteen 
inches ; then four or more of thefe are laid together with one 
of double the length, and all four are tied together with 
pieces of fmall fteel : this is called a faggot, and is placed in 
the forge, to be heated to a good welding heat ; it is then 
taken to the tilt, and notched down on both fides, to weld 
all the bars together, and clofe up the internal flaws. The 
workman holds the faggot by the end of the long bar as a 
handle : the operation of welding takes but a few feconds, 
and a fmall rod is then drawn out from a piece of the end, in 
the fame manner as drawing out common fteel. 

Cafl fleet is prepared by melting fragments of bliftered 
fteel, and calling them into an ingot. (See Steel.) The 
ingot is then drawn out under the tilt into the required fiae, 
and the manner of doing this is the fame as for common 
fteel. ^ 

It is the cuftom of the manufa&urers of cutlery and fteel 

f oods to purchafe fteel from the converting furnaces in the 
ate of bliftered bars, which they fend to the tilt-mills to be 
drawn out to the fize they require for their ufe : this is done 
at regular prices. In tilting Heel, a trifling lofs is fuftained 
by the metal oxydating upon the furface, and throwing off 
black feales. The manufacturers are in the habit of allow- 
ing 4.6 to 8 lbs. per hundred weight for fuch lofs : this la- 
titude is given, becaufe in drawing the bars out into rods of 
a fmall fize, the wafte muft neceflarily be greater ; the metal 
being much longer expofed to oxydation, and the furface 
throwing off more feales. 
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and when the Phoenicians came into Cornwall, and faw this 
metal in its ancient (limy ftate, they called it “ the mud 
and hence, fome have laid, the name tin , in Cornu -Britifh 
Jlean , is derived. Some of the ancients called it plumbum 
alburn^ white lead, probably to diftinguifh it from common 
lead ; not knowing that it was radically another metal. 

This metal, denominated K»cr<rUt^oi by the Greeks, and 
Jlannum by the Latins, feems to have been known from the 
moil remote ages. It is mentioned by Mofcs 5 fee Numb, 
xxxi. chap. 22. It was tranfportca to the Eail from 
Spain and Britain by the Phoenicians, witli which nations 
they are faid to have carried on a lucrative commerce. 
Homer mentions it } and by Ariilotle, the epithet KsX<mov,or 
Celtic , is applied to it, indicating plainly the country from 
which it was procured. Sec Tin-Trade of Britain . 

Tm-Stone 9 in Mineralogy , is the moil common ore of tin, 
and is nearly a pure oxyd of that metal. The colour is brown, 
which paffcs from a blackifh-brown to black, and from a 
red-brown to yellowifh and greenifh-white. It occurs cryf- 
tallized and amorphous, and in grains and rolled pieces, 
varying from the magnitude of a grain of fand to that of 
an egg, or larger. Tne primitive form of the cryilal is a flat 
odohedron : the angles are 11 2° 1 o' and 67° 50'. The 
figure of the cryftals is feldom perfed ; fometimes a red- 
angular prifm is inter pofed between the pyramids that form 
the odohedron. The edges and fummits of the cryftals are 
frequently bevelled or truncated, from which a great variety 
of lecondary forms is derived. The cry Hals are alfo fre- 
quently united, forming compound cryftals or macles : 
indeed, fo numerous are the fecondary cryflals of tin, that 
more than one hundred and eighty forms of fingle cryftals 
have been obferved, belidcs the compound cryftals, of which 
there is a confiderable variety. The furfacc of the cryftals 
is commonly fmooth and fplendent, but is fometimes 
ftreaked. The ftrudure h laminar, but the laminae arc 
rarely vifible. The fradure is uneven and imperfedly con- 
choidal, with a more or lefs fhining and refinous luftre. 
When the laminar ftrudure is difplayed, the luftre is highly 
fplendent. The cryftals are femi-tranfparent or opaque, 
the darker colours being opaque, the lighter fometimes 
nearly tranfparent; and the intermediate (hades are only 
tranflucent, or tranflucent at the edges. The ftreak is a 
greyifh-white. Tin-ftone is hard, fcarcely yielding to the 
knife, and giving fparks with fteel. It is brittle and heavy. 
The fpecific gravity varies from 6.759 *° 6.970. 

Before the blowpipe it decrepitates, and becomes paler ; 
when finely pounded and mixed with borax, it is reducible 
on charcoal to the metallic ftate. 

Tin-ftone contains the following conftituent parts, ac- 
cording to Klaproth. 


Tin 

Oxygen 

Iron 

Silex 


From AUernon. 

77.50 

21.50 
O.25 
O.75 


Schlackenwald 

IS- 

24.50 

0.50 


Some analyfes of tin-ftone give from two to three ter cent. 
of alumine. The tin-ftone of Cornwall, dreffed in tne com- 
mon manner, is reckoned rich if it yield 6c per cent, of tin. 
Tin-ftone may be diftinguifhed from wolfram by its fupe- 
rior hardnefs, as it gives fparks with fteel ; but wolfram 
yields eafiiy to the knife. The powder of tin-ftone is a 
greyifh-wlnte, that of wolfram a reddifh -brown. It is dif- 
t&nguifhed from blende by its fuperior hardnefs, and its not 
emitting a fulphurous odour when pounded. By its greater 
fpecific gravity and luftre, it may be diftinguifhed from 
garnet; and from fchorl 9 by its colour, luftre, form, and higher 
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fpecific gravity. This ore occurs in veins and beds, and dif- 
feminated in granite rocks. The veins inter fe6t rocks of 
granite, gneifs, mica-flate, and (late : tin-ftone occurs alfo in 
alluvial Toil in the diftri&s that contain tin-veins. See 
S the am-77«. 

Wood-tin is a fpecies of tin-ftone, or oxyd of tin, found 
with flream-tin in rolled pieces, which are wedge-fhaped or 
reniform, and fometimes globular. The ftrudure is di- 
vergingly fibrous, with concentric laminae ; and from the 
fuppolcd refemblance to the tranfverfe fedlion of fine-grained 
wood, it received its name. The colour is commonly hair- 
brown or wood-brown, pafiing into yellowifh-grey. The 
luftre is glimmering or filky. It is opaque, hard, and 
brittle : the fpecific gravity is 6.450. It is mfufible before 
the blowpipe, but is changed to a brownifh-red colour. 
When ftrongly heated in a charcoal crucible, it yields about 
75 per cent . of metallic tin. The conftituent parts are, ac- 
cording to Vauquelin, 

Oxyd of tin 91 

Oxyd of iron 9 

In Cornwall, this ore is almoft always found with ftream- 
tin, and never in veins : it is faid, however, to have been re- 
cently met with in cellular quartz, but in very minute 
pieces. It is one of the moft common ores of tin in Mexico, 
and occurs in veins that traverfe a porphyritic trap, and 
alfo in alluvial depofitions. In fome wood-tin, there is a 
fmall, black, fmooth globule, from which, as from a centre, 
the fibres diverge : this has received the name of bird’s-eye 
tin . Wood-tin, in its ftrudure and mode of formation, 
probably bears a near analogy to the kidney-fhaped hema- 
tite iron-ore. 

Bell-metal Ore , Tin Pyrites , or Sulphuret of Tin 9 is an ex- 
tremely rare ore of this metal, being found only in Corn- 
wall, at Huel rock, in a vein accompanied with fulpliuret 
of zinc and iron. Its colour is fteel-grey, palling into yel- 
lowifh -white : it has a metallic luftre, and granular uneven 
fradure : it yields eafiiy to the knife, and is brittle. The 
fpecific gravity is 4.350. It fufes into a black flag before 
the blowpipe, exhaling at the time a fulphurous odour. 
It communicates a yellow or green colour to borax. The 
conftituent parts differ in different fpecimens ; according to 


Klaproth, they are as under : 
Tin 

34 

26.50 

Copper - 



Iron 

3 

12. 

Sulphur 

2 5 

30.50 

Earthy matter 

2 

100 

99 


Klaproth obferves, that the darker varieties of this ore are 
confiderably poorer in tin than the lighter, but the propor- 
tion of iron increafes. 

Analyfis of the Ores of Tin . — The analyfes in the dry way 
were made by Klaproth in charcoal crucibles in the follow- 
ing manner, in which the refults were always found to be 
conftant. The ore was broken, and well cleaned from the 
matrix. One hundred grains were introduced into the 
cavity of a charcoal crucible, doling its orifice with a 
Hopper of charcoal. The charcoal crucible was then fitted 
clofe into one of baked clay, and placed upon the forge- 
hearth before the nozzle of the bellows. The contents in 
the charcoal crucible were reduced to the metallic ftate by 
expofing it to a ftrong blaft for half an hour. The button 
of metallic tin produced was a little blackifh on the fides, 
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and its furface coated with a grecni/h cruft. From one 
hundred grains of Bohemian tin-ftone, feventy-two grains 
and a half of tin were produced. Wood-tin and ftream-tin 
were treated in a fimilar manner. Brown tin-ftone, expofed 
to a porcelain fire in a clay crucible, formed a clear denfe 
glafs, greenifh-grey in the middle, but of a bright yellow 
on the tides and top. The interior of the veflel was glazed, 
of a milk-white, and overlaid with many fmall groups of 
needle -fhaped cry dais of a light-brown colour. The inner 
furface of the lid was lined with fimilar cryftals. 

Analyfis of Tin-Stone in the humid way . — To Klaproth we 
are indebted for the difeovery of a fimple and effe&ual mode 
of analyfing tin-ftone in the humid way. Boil ioo grains 
of this ore, finely pounded, with a folution of 600 grains 
of cauftic potafh. Evaporate to drynefs, and then ignite 
the mafs moderately for half an hour. Add boiling water, 
which difTolves the principal part of the mafs, and the re- 
sidue muft again be ignited with fix times its weight of 
cauftic potais, and diflolvcd in water, as before. Add 
this to the laft folution, and faturate the whole with mu- 
riatic acid, which will throw down an oxyd of tin. Let 
thi 3 be re-diflolved by an additional quantity of muriatic 
acid, and precipitated again by carbonate of foda; when 
lixiviated, and dried in a gentle heat, it acquires the form of 
bright-yellowifh tranfparent lumps. This precipitate muft 
be finely powdered, and once more diflolved in muriatic acid, 
aflifted by a gentle heat. The infoluble part confifts of 
filex. Dilute the folution, which is colourlefs, with from two 
to three parts of water, and introduce a Hick of zinc, round 
which the tin will collect in a metallic ftate in the form of 
delicate dendritic laminae. Scrape off the tin, wafh, dry, 
and fufe it under a cover of tallow in a capfulc placed on 
charcoal. A button of fine metallic tin will remain at the 
bottom, the weight of which, deduced from that of the ore, 
indicates the proportion of oxygen. 

Analyfts of Bell-metal Ore , or Tin Pyrites . — To two 
drachms of finely powdered ore, add one ounce of muriatic 
acid, and half an ounce of nitric acid : this will diffolve the 
greater portion of the metallic part without heat, but a 
gentle heat muft be applied to diffolve the whole. The 
fulphur will float on the furface of the folution, and muft be 
feparated by filtration. To the folution add carbonate of 
potafs, which produces a greenifh precipitate ; let this be re- 
diffolved in diluted muriatic acid, and introduce a cylinder of 
pure tin, the weight of which is to be previoufly ascer- 
tained. By this means the copper will be feparated in a 
metallic ftate. The cylinder of tin muft now be carefully 
weighed, and the quantity which it has loft muft be noted, 
and a cylinder of zinc muft be introduced into the fore- 
going folution : this will feparate all the tin, which muft be 
melted with tallow and weighed. Deduft the quantity of 
tin which was loft by the cylinder, and the remainder will be 
the quantity of tin from the ore, held in the folution. 

The fulphur feparated by the firft filtration muft be ig- 
nited, and the unconfumed refidue, diflolved in nitro-muriatic 
acid, muft be added to the folution, in order to obtain the 
whole of the contents. The undiffolvcd part will be the 
filiceous matrix. 

The copper may be brifkly digefted in nitric acid, which 
will leave behind a minute portion of oxyd of tin, and af- 
certain the precife quantity of pure copper contained in the 
ore. 

The method of getting, preparing, See. the tin in the 
Cornifh mines, much the beft and moil coniidcrablc in the 
world, is given us in the Philofophical Tranfa&ions, Abr. 
vol, ii. p. 569, &c. and more diflindly and fully in Prycc’s 
Mineralogy. 

Vol. XXXV. 
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The working of the tin-mnics is very hard and difficult, 
not only by rcafon of the great depth which the veins 
feend to, even as low as nxty fathoms ; but alfo becaufe 
the rocks, through which paffages arc frequently cut, are 
extremely hard. Nor is the foft ihaking earth found in the 
tin-mines much lefs inconvenient to the workmen, both by 
reafon of the fetid, malignant vapours it exhales, and cf 
the current of water often met with in them : thefe dif- 
advantages often render it impradticable for the workmen to 
hold it above four hours together. 

The exiftence of native tin has been always doubted, and 
till of late abfolutely denied by all mineralogitts, both ancient 
and modern : however, Mr. Borlafe, in Iris Natural liiftory 
of Cornwall, p. 185, fuggefted, that its exiftence was far 
from being improbable ; but he afterwards difeovered three 
specimens of this metal, native or pure, of which he pre- 
fented an account to the Royal Society. Mr. Mendes da 
Cofta made feveral experiments on one of thefe fpecimrr.s, 
with a view of proving that it was really tin ; from which 
he infers, that it is perfectly dudlile and malleable ; and be- 
ing bent between the teeth, gives the fame crackling noife as 
tin always does : in an open fire it melt 3 eafily, calcines on 
the furface, and fmokes ; but forced in a ftrongcr fire with 
borax, it detonates with fmall phofphorefcent (parks, which 
is a property of pure tin ; and it is only corroded to a white 
calx in fpirit of nitre, and oil of tartar per deliquium being 
added to the folution, none of it was precipitated : whence 
he concludes, that it was pure tin. Philof. Tranf. vol. lvi. 
art. 7. 39. Native tin is alfo faid to have been found in 
Saxony and Malacca. 

The ores of tin may be generally claffed into fhoad or 
fhode, ftream, and bal or mine tin. The fhoad is disjumfl, 
and fcattered to fome diftance from its parent lode, and is 
pebbly or fmoothly angular, of' various fixes, from half an 
ounce to fome pounds weight. See Shoad. 

Stream-tin ore is the fame as fhoad, but fmaller fized, &c. 
See Stream-77/i and Streaming. 

Bal or mine tin -ore often rifes very rich ; and inftanccs 
frequently occur, in which it has been difeovered in the 
richeft and pureft ftate imaginable. This kind of rich ore 
confifts of the bhekeft grains or cryftals, and is ufually 
found at a moderate depth, or within the day -fide of forty 
fathoms. 

When the tin -ore is raifed, or dug and drawn out of the 
mine, and laid by the /haft, it is firft fpalledy as the procefs 
is termed, which confifts in breaking it into fmaller frag- 
ments, and feparating it from the worthlefs parts. When 
the beft parts are forted, they are divided into heaps by a 
hand-barrow, containing a fack and a half, or eighteen 
gallons. Each of theie fliares, called doles , being turned 
over, equally levelled and mixed, is then divided with a 
(hovel into two equal parts; and after being bruifed by 
large fledges to the fize of a hazel-nut, is equally levelled 
and divided into four parts : the bruifing and divifions are* 
repeated at plerfurc, till the quantity dengned for fampling 
is well mixed, and made as fine as common land. To make 
a rough guefs, or coarfe effay, the fampler takes a handful 
of it, and wafbes it on a (hovel, till the impure parts are 
carried off by the water, and the more folid and heavy par- 
ticles, that are left behind, are bruifed with a Hedge on the 
(hovel, till the whole affiimes the appearance of mud. This 
is again wafhed, and by a peculiar motion the metallic par- 
ticles are colle&ed together on the fore -part of the fhevd. 
By repeating thefe hruifings, wafhings, and motions, it be- 
comes clean black tin, fit for the fmelting-furnace. This 
is called a van , (probably from the French avant, foremojl , ) 
as it is thrown upon the point of the (hovel by the dexterity 
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of the {'ample trier. After the tin is thus cleaned, it is 
dried ; and if there be as much black tin as will cover a 
(hilling, or equal to the weight of a /hilling, it is called a 
/hilling van, which is not rich ; but if the van will cover or 
equal the weight of a crown-piece, it is good tin-ftuff, and 
called a crown van . The /hilling van, the tinners fay, will 
produce one hundred avoirdupois weight of block or white 
tin ; and the crown van will yield five hundred weight of 
block tin, for every hundred fack9 in meafure of the refpec- 
tive doles from which the fample or van was taken, and fo 
in proportion, to the richeft tin-ftuff, called /cove, which 
is reckoned at the rate of ten thoufand of white tin -metal 
for every hundred facks. But a better judgment may be 
formed from the meafure of a wine half-pint, than from a 
handful, which is indeed accounted a half pint. When the 
tin, thus meafured, is reduced clean, and to a proper fizc, 
by ufing a large /hovel, and taking off the ft zed tin on an- 
other (hovel, the van is dried in a /hovel upon the fire, and 
then weighed by pennyweights and grains ; and for every 
pennyweight and a half the van weighs, the produce will 
be one hundred weight of black tin for every hundred facke 
of tin-ftuff ; and for three pennyweights, twohundred weight, 
&c. in the fame proportion ; and if it be tin worth t»*u for 
twenty, or one for two, then the tin-ftuff is valued at five 
hundred weight of block or white tin for every hundred 
facks : if it be worth twelve for twenty, the Huff is valued 
at fix hundred weight of white tin a hundred ; or if it be 
worth only eight for twenty, it is only valued at four hun- 
dred weight at white tin a hundred, & c. This black tin is 
rather of a liver colour, though called black in contra- 
diftin&ion from white tin, or the metal produced from this 
black ore : it is very heavy, and may in general be com- 
puted to hold one-half clean metal, and fomc of it will pro- 
duce thirteen, or even fourteen parts in twenty ; whence 
the mode of expreffing fo much white tin for twenty of 
black tin, i. eight for twenty, ten for twenty, twelve 
for twenty, &c. Thus, if the van of one hundred facks 
of tin-ftuff weighs fix pennyweights, being four hundred 
weight of black tin at twelve for twenty, the white tin or 
metal muft be two hundred weight one quarter fixteen 
pounds. 

In this method of fampling, the tinners form a near con- 
jecture of the quantity of white tin which their doles of 
tin-ftuff will produce at the fmelting-houfe, when it is 
dreffed, and brought into black tin. But if the black tin 
is combined with any bad mixture, as of mock-lead, copper, 
or mundic, after the van is bruifed fine and wafticd, they 
lay the (hovel oyer the fire, and burn the black tin, ftirring 
it continually, till it has done fmoaking : they then wain 
it again on the /hovel, and thus the heterogeneous matter, 
becoming light by being burnt, is carried off by the water : 
for when black tin 16 calcined or burnt, it ftill retains its 
fpeciiic gravity ; but copper, lead, and other crude mine- 
rals, become much lighter by torrefaction, and are eafily 
feparated from the tin by water. In the dreffing and ma- 
nagement of tin by /lamping, &c. there are obtained two 
forts of black tin, viz. the crop and rough, or the crop 
.and leavings if tin. The firil is the prime tin : immedi- 
ately feparable from the bafer parts by its fuperior weight 
and riennefs. The latter is that which is carried off, and 
mixed with the lighter earthy parts, by being under fize, 
and, therefore, more eafily carried off by the water. 

The tin-ftuff, after this previous preparation and adj ail- 
ment, is carried to the damping -mill, in order to be dreffed 
or pounded. 

This operation of pounding in the ftamping-mill is effen- 
tial to tie complete reparation of the ore frora the matrix, 
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through which it is diffeminated. If full of /lime, it h 
thrown into a pit, called a huddle , to wa/h away the earthy 
matter, and render the /lamping more free, without choak- 
ing the grates. The ore is /hovelled into a kind of Hoping 
canal of timber, called the /aft , whence it Aides by its own 
weight, and the afliftance of a fmall ftream of water, into 
the box where the lifters work: the lifters are raifed by a 
water-wheel, and are armed at the bottom with large 
mafles of iron, weighing nearly two hundred weight each : 
thefe pound or damp the ore fufficiently to enable it to 
pafs through the holes of an iron grate fixed at one end 
of the box. To aflift its pulverization, a rill of water keeps 
it conftantly wet, and it is carried by a fmall gutter into 
the fire-pit, where it makes its firft depofition ; the lighter 
particles running forward with the water into the middle 
pit, then into a third, where what is called the flime fettles. 
(See DreJJtng of Ores, and Buddie.) From thefe pits 
the ore is carried to the keeve 9 which is a large vat containing 
water ; in which it is farther purified by an operation 
termed packings and which con/ilts in beating the upper 
part of the contents with mallets for fome minutes, by 
which the lighter particles are kept fufpended, whilll the 
tip. -ore, from its great fpccific gravity, fubfides. The wafte 
is (kimmed and laid by, to be again huddled, under the 
name of the Jkimpings • The tin is fifted through a copper- 
bottom iieve into another keeve of water, by which th : 
gravelly wafte ftill remaining is feparated from the clean tin $ 
and the tin that runs through the fieve, if it requires no 
farther huddling, may be cleaned by repeatedly tofling and 
packing it as before. If it be neceffary to buddle it again 
after it is lilted, let it be huddled and dillributed in three 
part:., viz. the crop or pureft, the creafe or next in purity, 
and the hind-creafe or tail, which is the moll impure. The 
crop is to be cleanfed by tofling, &c. and the creafe muft 
be huddled again, and out of this mull be referved as much 
as may be cleanfed by tofling and packing. The remainder 
muft be cleanfed by an operation called dtl! ughing, from 
dilleugh, to let go , or fend away. A dillcuuber is a large 
fine hair-fievc, which the dreffer holds in a keeve one-third 
full of water, into which the tin is thrown by a Ihovelful 
at a time, and which is (book fo as to put the tin into mo- 
tion : one fide of this dilleugher is dipped in water, and 
raifed again in fuch a manner, that the wafte may run over, 
which is laid a/ide to mix with the Jkimpings, to make the 
famples of low value, called the rough (arrow) tin. This 
ufually undergoes another operation, in which, by a rill of 
water palling over the huddle in which it is placed, it is 
farther cleanfed, and then dilleughed, fo as to be fit to mix 
with the crop tin. 

Upon the fame mechanical principle of Reparation, the 
tinner is capable of eftimating the value of a fample of ore. 
For this purpofe, the pounded tin-ore, or tin-ftuff, as it is 
called, is placed on a /hovel and walhed under a ftream, till 
the impure earthy parts are carried off by the water from 
its fidcs, when, by a particular and dexterous motion, not 
eafily deferibed, all the metallic particles are colle&ed to* 
gether on the fore-part of the /hovel : this operation is 
called vanning, which we have already deferibed. 

When the tin-ore is contaminated with the different pyri- 
tous ores of copper, arfenic, and iron, it is firft roafted in 
a burning-lioufe, and then walhed in water, by which means 
the tin, which is heavy, is eafily feparated. 

By this proccfs, as at prrient condu&ed in Cornwall, a 
eorifiderable quantity of copper is loft ; for being converted 
into fulphatc of copper, which is foiuble in water, it is loft 
by xrafhing : whereas if the roafted ore were fuffered to 
remain ia a clofe pit for a few days, and the water drawn 
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off into another pit, the copper might be feparated by iron 
in a metallic Hate. 

The leavings of tin, confiding of the dime and tails, i. e . 
of tin -mud and tin-gravel, are are (Ted by a particular kind 
of apparatus, for tne conftru&ion and ufe of which, we 
mull refer to Pryce’s Min. Corn. p. 226 , 8 cc. 

Each ftamping-mill, which has conftant work and water, 
will employ one man and five boys ; and one hundred facks 
are carried, ftamped, and drefled, in the fpace of a few 
days, at the average rate of about four-pence per fack, or 
one guinea and a half per hundred. 

When the tin-ore is dreffed, it is divided into aB many 
(hares as there are lords and proprietors. 

The next operation pertaining to tin-ore. or black tin, 
is that of /melting it. The Phoenicians, who traded to 
Cornwall for tin in the earlier ages, probably conduced this 
procefs by digging a hole in the ground, and firewing the 
ore on a charcoal lire, which peril aps was excited by a bel- 
lows. But having no idea of confining the fire, and direct- 
ing its force on the fubftance to be fmelted, they made no 
ufe of furnaces, either fimple or reverberatory. Charcoal 
was long ufed in the operation of (melting, till at length 
neceflity fuggefted the introdu&ion of pit-coal ; and in the 
fecond year of queen Anne, a patent was granted for fmeit- 
ing black tin with foffile coal in iron furnaces. The inven- 
tion of reverberatory-furnaces built with brick, (lone, fand, 
lime, and clay, foon followed this difeovery ; the form of 
which, being fimple, has admitted of little improvement to 
the prefent time. The charge for one of the tin fmelting- 
furnaces is from five to fix hundred weight of black tin, 
well mixed with a tenth or twelfth or eighth its weight of 
culm, which is a fpeciesof coal from South Wales, that is 
very free from fulphur. The furnace is charged through a 
hole in its fide with a (hovel, and the tin levelled over the 
bottom with an iron rake or paddle. The apertures are 
then clofed, and the fire raifed to a very great ftrength, in 
which ftate it is left for four or five hour3, when the door is 
taken off, and the whole charge well ftirred together. The 
Rate of the metal is examined, and more culm thrown in if 
neceffary ; the furnace is again clofed, and the fire kept up 
till the end of about fix hours from its receiving the charge ; 
when it is again examined, and if proper, it is then tapped, 
and the metal let out into a fixed baton made of clay, and 
large enough to hold fomewhat more than the metal of the 
charge. The fcoria in the bottom of the furnace is raked 
out at the mouth into a fmall pit made for this purpofe, 
where it generally forms itfelf into a cake. When cold, it 
is carried to the ftamping-mill, in order to feparate the 
globules of melted tin diffeminated through the fcoria or 
flag. This, being broke by hammers to the fixe of goofe- 
eggs, is put into the firfi ftamping-mill, and palled through 
fmall iron bars ; by which means the pillion (for fo all tin re- 
covered out of the flags is called) of the larger fize is taken 
out and prevented from wafte by too much damping. The 
refufe of this firfi (lamping is put intoother damping-mills 
of a fecond, third, or even fourtli fize. Of the pillion, fe- 
parated from the fcoria, all the rough or grainy parts are 
confidered as metals, and refined accordingly, bv being 
fmelted without any flux, and the produce of this imelting 
refined, with the tin firfi tapped. 

The tin in the bafon, or float (as it is called), as foon as 
it comes down to a moderate heat, is laded out into the 
moulds, in (labs or pigs of about three-fourths of a hundred 
weight. 

The method of fmelting in Saxony and Bohemia, does 
not differ greatly from that prafitifed in Cornwall. When 
the ore has been roafted it is waihed upon tables, to feparate 
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the oxyd of iron and the oxyd of copper, which are lighter 
than tin -ore. At Alt- Saint -John, the oxyd of tin is mixed 
with the black oxyd of iron : this is feparated by a powerful 
magnet, which is drawn over the table. That the powdered 
oxyd of tin may not be blown away by the blaft of the 
furnace, it is previoufly moiftened with water ; but as the 
flame always carries away a part of the ore, a chamber is 
conftru&ed about the middle of the chimney, made of wood 
lined with clay, where the powdered ore that has been driven 
up by the flame is depofited. 

The next procefs is that of refining . The furnace having, 
by the fide of the fmall float now deferibed, a larger one 
capable of holding twenty, or more blocks, is for this pur- 
pofe fuffered to cool to a certain degree, and then charged 
full with the (labs juft mentioned, the tap-hole being kept 
open, fo that as the tin melts in this moderate fire, it makes 
its exit through it into the float ; where, while running out, 
it is frequently ftirred and toffed by a ladleful at a time held 
arm-high, letting it fall in a dream into the mafs of metal, 
when the feum which arifes is taken off. While the metal 
already put into the furnace is melting, more is added, fo as 
to be juft enough to fill the float with good tin : and this, 
after being toffed and fkimmed as before, and fuffered to 
cool to a proper temper, is carried in iron ladles to moulds 
holding generally fomewhat above three hundred weight 

S .then denominated block •tin ) , where they are marked as the 
melters chufe with their houfe mark, which may be a peli- 
can, plume of feathers, ftag, V>r horfe, by laving brafs or 
iron (lamps, in the face of the blocks while tne tin is in a 
fluid ftate, and yet cool enough to fuftain the damping iron. 
The blocks are then ready to be weighed, numbered, and 
fent to the neared coinage town to be coined. The privi- 
leged towns for coinage of tin, were anciently Liflceard, 
Loftwithiel, Truro, and Helfton : but foon after the Re- 
ftoration, Penzance was added to the number ; in which lafi 
place there is every quarter more tin coined than in the 
towns of Lifk'eard, Loftwithiel, and Helfton, for a whole 
year. When the tin is brought to be coined, the affay- 
mafter's deputy affays it by cutting off with a chiffel and 
hammer a piece of one of the lower corners of the block, 
about a pound weight, partly by cutting and partly by 
breaking, in order to prove the roughnefs and firmnefs of 
the metal. If it is a pure good tin, the face of the block 
is ftamped with the duchy feal, which (lamp is a permit for 
the owner to fell, and at the fame time an affurance that 
the tin fo marked has been examined and found merchant- 
able. The Ramping of this im predion by a hammer is coin - 
ing the tin, and the man who does it is called the hammer- 
man* The duchy feal is argent, a lion rampant gules, 
crowned or, within a border garr.iflied with bezants. 

The droffy part remaining irt the furnace is by an increaf- 
ing fire wholly melted, which is then tapped into the fmall 
float, where the tin fubfiding, and the drofs rifing to the 
top, the latter is taken off, and the tin laded into fmall (labs, 
as at firfi, to be again refined. The tin that remains in and 
about the fcoria and drofs of the laft tappings, &c. is re- 
covered by repeated fmel tings, till at laft, Being almoft 
entirely drained of that metal, they become what tne work- 
men generally call hard heads , and efteemed of no farther 
value. 

M. Groffe, in the Memoirs of the Academy of Sciences 
of Paris, has delivered a method he had invented of fepa* 
rating tin from lead or fiiver. Having tried an experiment 
on the fcoria; of metal, which contained with the tin a large 
quantity of fiiver, it feemed to him that one great ftep to- 
ward the reparation of the fiiver, was the haftemng of the 
calcination of the tin, and with this view he tried a mixture 
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of charcoal, faltpetre, and earth, which he pnt together 
into the coppel with the fcorise. It is eafy to fee that a de- 
tonation would happen from this, and this mud greatly add 
to the force of the fire, in afting upon the fcorite, while the 
ferruginous matter well known to be contained in the char- 
coal mixed itfelf with the tin, and muft greatly accelerate 
its calcination, divide its parts, and give the fire a new action 
over it. The confequencc of this perfeftly anfwered ex- 
pectation, and recovered a large quantity of filver from the 
fcoriae, in whitfi the tin had before held it firmly imbodied 5 
repeated experiments proved the truth of this obfervation, 
and it was found to be eafy by this means at any time to fe- 
parate filver from tin, or to purify filver without lofs, by 
means of lead in which tin has accidentally been imbodied. 

The fcorix in which tin is mixed with iilver, are com- 
pofed of tin half calcined, and run into an opaque vitrified 
iubftance, which forms a fort of net -work, in which the 
filver is confined in extremely fmall particles. If this is 
thrown into aqua fortis, the wnole is diflblved : but then it 
requires a very ftrong fire to make the tin lofe its metallic 
form ; finally, if the whole is finely powdered, and then 
put into this menllruum, the filver only is taken up or 
diflblved, the tin remaining untouched at the bottom of the 
veflel. 

The fame gentleman found alfo a method of feparating 
tin from filver, by means of corrofive fublimate of mer- 
cury. To conceive the manner in which this reparation is 
effected, a piece of fine tin need only be call into a folution 
of fublimate ; in which cafe the acid of the fea-falt is feen 
to leave the mercury in order to fix upon the tin. 

And, according to the fame principle, if fublimate cor- 
rofive be added to a mixture of tin and filver, the fame 
effeft is produced, the acid affixes itfelf to the tin, and 
makes with it a butyrum joviale or butter of tin, the mer- 
cury becomes diflipated in the mean time by the aft ion of 
the fire, and the filver remains pure and alone ; but in this 
experim nt, if too much corrofive fublimate be added, there 
is danger of lofmg fome of the filver ; fince the abundant 
acid will prey upon and carry off a part of that metal, 
making a fort of luna cornea which dilfipates itfelf in the 
air, or if the operation be performed in a clofe veflel, a 
butyrum lunare. 

Gold may alfo be purified from tin in this manner, and in 
this there is no rifk of lofs, fince the acid which takes up 
the tin has not the lead power over that metal : in all theie 
yroceffes, however, the operator muft avoid the fumes iflu- 
mg from the crucible, for they are very dangerous. 

Thefc methods of feparating of tin from filver are very 
certain and infallible, but they are too expenfive to be em- 
ployed in common, and iu larger works. 

The feparating of tin from lead to be employed in the 
refining of filver is a matter of great importance ; and this 
may be done in the following manner : melt the lead, and 
when in fuflon throw into it a quantity of filings of iron, 
then increafe the fire to a confiderablc degree, and the fur- 
face of the metal will be covered with a fort of feum, which 
is np other than the iron and tin. At this time there fhould 
be a little alkali fait thrown in,' and by this means the fcorise 
readily feparate themfelves, and the pure lead remains in 
form of a rcgulus at the bottom. The fame method may 
be ufed to feparal * tin from filver in the larger way, but it 
will be neceflary for this purpofe to add fome lead, fince 
otherwife the fufion will be very flow and difficult, and the 
tin will calcine without feparating from the filver. This is 
a very eafy and very cheap method, and will obviate moll of 
the mifchiefs which happen to the refiners, of which they 
would have much lefs frequent reafon to complain, if they 
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nicely examined the lead they were to employ. Bat if gold' 
or filver be mixed with tin, the (horteft method in Unall 
quantities is to calcine the whole very brifkly, and in order 
to complete the vitrification and feparation of the tin, to 
caft in a little glafs of lead, which will immediately join itfelf 
with it and carry it off from the mafs. 

It may feem lingular that iron being one of the hardell 
of the metals to melt, and tin being of all the eafieft, they 
fflould fo readily and eafily unite in thefe experiments ; but 
this feems to be the refult of one of thofe natural and unex- 
pefted alliances which accident frequently difeovers to uo in 
bodies. There is one conjefture, however, that may be 
worthy a place in this refcarch, which is, that all tin-ore 
contains a quantity of arfenic 5 and it is well known that iron 
very readily mixes with arfcnic, and is employed to feparate 
the arfenic from other ores, and a regulus may be formed of 
arfenic and iron. It is eafy to fuppofe that tin is, in its me- 
talline form, not wholly divefted of the arfenic it contained 
when in the ore ; and if this be allowed, it is no wonder that 
the two metals are eafily brought together by the mediation 
of that principle. Memoirs Acad. Scienc. Par. 1737. 

Mr. Cramer gives the praftical rules of feparating filver 
from tin, thus : Divide one centner of tin into two equal parts ; 
put each of thefe into a feparate teft, and add to each fix teen 
centners of granulated lead, and one of copper ; put the 
whole under the muffle, and make a very ftrong fire ; the 
tin will be calcined immediately, and will fwim upon the lead. 
Then diminifh the fire a little, till the afhes of the tin that 
fwim upon the furfacc do no longer fparkle : when you fee 
this, add with a ladle two centners of glafs of lead to each 
teft, in fnch a manner that it may be fpread wide over the 
whole furface of the rejefted calx ; the calx will then change 
its form of powder into that of glafs ; then increafe the fire 
to its higheft degree, flir up the whole with an iron rod made 
warm ; and when the fcorification is perfefted, pour out the 
glafs into a mould ; the fcoriae being feparated, put both 
the regulufes into two coppels well heated ; and into a third 
put fixteen centners of lead, and one of the fame copper 
ufed in the procefs : examine all thefe beads after the cop- 
pelling is over ; if the two firft weigh exaftly alike, it is a 
proof the procefs has been well performed ; and fubtrafting 
the weight of the bead, feparated from the third pan, from 
the joint weight of the other two, the remainder is the 
weight of the pure filver contained in the quantity of tin 
which was examined. Cramer's Art of Affaying, p. 228. 

Tin is found in Europe, Alia, and America, but has not 
hitherto been difeovered in the continent of Africa. This 
metal is much lefs generally difleminated than gold, filver, 
iron, copper, or lead ; but where it occurs, it is mod fre- 
quently in large quantities. In Afia it is found on the coaft 
of Sumatra, and in Siam and Pegu. It is principally im- 
ported into our Indian poffeflions from Queda, Junkfeilon, 
Tavai in Lower Siam, and the ifland of Banca. The tin- 
mines of Banca arc faid to be of great extent j and Mr. EH- 
more informs us, that no lefs than from forty to fixty thou- 
fand peculs of tin are furniffled by thefe mines annually. 
Tin is faid alfo to be found at a place five days* journey from 
Nankin in Chinn. The Indian tin was known to the ancients. 
Diodorus Siculus mentions it among the produftions of 
India. Tin-ftone is found in Mexico m the ft ate of ftream- 
tin, and is procured from alluvial depofitions by waffling. 

It is alfo faid to occur in Chili. 

Tin-ore occurs in Saxony and Bohemia in beds, and dif- 
f: ruinated in granite rucks ; it is found alfo in veins in rocks 
of granite, gneifs, and mica-flate. Alluvial depofitions of 
tin arc alfo met with in thefe diftrifts. The mines fometimes 
confift of a mafs of ore formed by the junftion of a multitude 
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of fmall veins which pafs through the rocks in different 
dire&ions. Thefe veins alfo contain topazes. Brongniart 
Traits Elexnentaire. 

Tin is found near Monterey, in the province of Gallicia 
in Spain, in veins which traverfe granite and mica-flate. 
fliis ore has recently been difcovered in fmall quantities in 
grains and cryftals, in a rock of granite at Puy les Vignes, in 
the vicinity of St. Leonhard, in the deparment of Haute- 
Viennc in France. It occurs in veins with wolfram, arfenical 
pyrites, and martial arfeniate of copper. 

The moil confiderable repofitory of tin ore in Europe is 
that of Cornwall. The greateft part of the tin confumed in 
Europe is procured from thence ; and Camden even fuppofes 
this abundance of tin in Cornwall and Devonfhire, to have 

f iven the original denomination Britain to the whole kingdom. 

n the Syriac language, varatanac , or bar at mine, fignifies land 
of tin ; from which Bochart derives the name Britain . It oc- 
curs in Cornwall, both in veins and alluvial depofitions, in 
various parts of the county. Alluvial depofitions of this 
ore are alfo met with on Dart-moor, in Devonfhire. The 
veins which contain tin interfedl both granite and Hate rocks ; 
the latter are provincially called killas. Thefe veins vary in 
width, and fometimes contain large mafTes of the ore. One 
block was raifed from the mine called Polberrow, in St. 
Agnes, which weighed more than twelve hundred pounds, 
ana produced more than half that weight of pure metal. 
Tin-ftone generally occupies the upper part of veins, and is 
fucceeded by copper-ore ; but there are inftances of tin occur- 
ring at the depth of two hundred fathoms. Different mo- 
difications of the forms of the cryftals are peculiar to certain 
veins. Cryftals of tin-ftone are alfo diffeminated in fome of 
the granite rocks in the vicinity of veins : the cryftals appear 
to occupy the place of mica. Where the tin-ftone is diffe- 
minated in (late, it is generally in fmall firings or minute 
veins. See Mine and Veins. 

The workmen diftinguifh feveral kinds of tin ; as moor - 
tin, which is the beft fort, a fool of which weighs eighty 
pounds ; and mine-tin, which is the next, the fool of it 
weighing about fifty -two or fifty pounds. The tin got from 
the Toft, gravelly earth, they call pryan-tin, to diftinguifh it 
from that obtained from the (tones, which is better by almoft 
half. See Stream-7m Ore . 

Grain-tin denotes the ore of tin that is fometimes dug very 
rich in the form of grains or pebbles, or clfe in larger pieces, 
compofed of many fuch diftinft grains, united in one mats, 
always of a black or dark rofin colour, pointed like dia- 
monds. Grain-tin is alfo ufed to fignify the pureft and fineft 
block or white tin, fmelted with charcoal in the blaft or 
blow ing-houfe furnace, which never had any brood or foreign 
mixture in the mine : whereas the mine-tin is ufually cor- 
rupted with fome portion of mundic, or other mineral, and 
is always fmelted with a bituminous fire, which communi- 
cates a harfh fulphurous quality to the metal. Grain-tin 
is peculiarly produced from ftream-work, and is worth 
feveral (hillings per hundred more than mine-tin. See 
Streaming. 

See on this article Macquer’s Chem. Did. art. Tin ; and 
Pryce’s Mincralogia Cornubienfis, fol. 17 78. 

There is a curiofity in the Corn i fit mines, which is this : 
that in digging at the depth of forty or fifty fathoms, they 
frequently meet with large timber, ftill entire. 

Childrey, in his Natural Hiftory, goes back as far as the 
deluge to place them there ; but, without having recourfe 
to fo great antiquity, they who believe that the mines, when 
oihaufted of their ore, or mineral matter, renew and fill again 
no courfe of time, will foon folve the difficulty , by fuppofing 
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that, in the firft working of thefe mines, thefe timbers had 
been let down to ferve as props and pillars* 

But there arc other people who will think this renewal of 
the mines itfelf a difficulty as great as the former. However, 
what the former aut hor adds, ws. that in fome places in the 
mines they likewife find pick-axes, &c# with wooden (hafts, 
as alfo brafs nails, and that even a medal of Domitian has 
been found in one, feems to countenance the opinion. 

For the ufe of tin in the compofition of pewter, fee 
Pewter. 

Tlx -T rade of Britain . That tin was procured from 
Britain in a very early age, appears probable from the con- 
current teftimony of the moft ancient hiftorians. The Phoe- 
nicians are faid by Strabo to have paffed the pillars of Her- 
cules, now the ftraits of Gibraltar, about twelve hundred 
years before thrift. At what precifc period they dif- 
covered the Caflitcride8, or Tin ifiands, is unknown, nor is 
their exa£l fituation determined ; but it is generally believed 
that the Scilly iflands, and the weftern part of Britain, were 
the places from whence thefe early navigators procured the 
tin which they exported to other countries. The Phoeni- 
cians were extremely anxious to conceal from the reft of the 
world the true fituation of the Caditerides. Herodotus, who 
wrote about four hundred and fifty years before Chrift, 
could not learn where thefe ifiands were fituated ; but he 
fuppofed that tin, like amber, was brought from the remotell 
parts of Europe. Strabo relates, that the captain of a Phoeni- 
cian veffel returning from Britain feeing himfelf purfued by 
a Roman galley, chofe rather to run his veffel among the 
rocks, that the Romans might experience the like fate, than 
be the means of difeovering fo valuable a commerce to the 
enemies of his country. The captain having efcaped from 
the wreck, claimed from his country compenfation for the 
lofs of his veffel and the cargo ; and it is faid he was paid 
from the public treafury the amount of his claims. By thefe 
precautions, the Phoenicians are faid to have enjoyed a pro- 
fitable trade to thefe ifiands for about three hundred years. 
The fecret was at length difcovered, and the Greeks, Gauls, 
and Romans, came in fucceffivcly for a (hare of this trade. 
The Phocean Greeks eftablifhed a colony at Marfeilles five 
hundred and forty years before Chrift ; and after thedeftruc- 
tionof Carthage, carried ou this commerce : they endeavoured 
to conceal from the Romans their knowledge of the Britifh 
ifies ; for on being queftioned by Scipio rcfpe&ing the 
fituation and extent of thofe ifies from whence the tin was 
brought, they declared that they were entirely unknown to 
them. The Phoenicians, in their voyage to Britain, are faid 
to have failed from Cadiz to the harbour of the Artabici, 
near Cape Finifterre, from whence, after four days* fail, they 
arrived in Britain. Strabo relates, that Publius Lucius 
Craffus having made fruitlefs attempts to difeover whence 
the tin was brought, at length fucceeded, and arrived in 
Britain. It is uncertain when this Craffus lived, and even 
who he was, there being two of this name ; the father, who 
was proconful of Spain, and the fon, who had a command 
under Caefar in Gaul. 

Diodorus Siculus, who wrote during the time of Auguftus, 
appears, from the quotation which we (hall fubfequently give, 
to have been well acquainted with the tin-trade of Britain at 
that period. There cannot be a doubt, that from the couqtieft 
of Britain by the Romans, to the decline of their empire in the 
Weft, they enjoyed the undifturbed poffclfion of the Britifti 
tin-trade. 

What the ancient method was of preparing tin for the fur- 
nace we cannot learn, fays Dr. Borlafe. Polybius the hif- 
torian is faid to have deferibed it $ and that work is com- 
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mended by Strabo, but now loft. The fhort defcription of 
the tin-trade given by Diodorus Siculus deferves particular 
attention. “ Thefc men (the tinners) manufacture the tin 
by working the grounds which produce it with much (kill. 
For though the land is rocky, it has foft veins running- 
through it, in which the tinners find the treafure, which they 
extrad, melt, and purify. Then fhaping it by moulds into a 
cubical figure, they carry it off to a certain ifland lying near the 
Britifh (hore, which they call Idis ; for at the recefs of the 
fea betwc.cn the ifland and the main land, the paffage being 
dry, the tinners embrace the opportunity, and carry the tin 
over in carts to the ICtis or Port ; for it mu ft be obferved, 
that the iflands which lie between the continent and Britain 
have this peculiarity, that when the tide is full they are real 
iflands, but when the fra retires they are fo many pcninfuU . 
From this ifland the merchants bring the tin of the natives, 
and export it into Gaul ; and finally through Gaul, by a 
journey of about thirty days, to the mouth of the Rhone 
lib. 4. Pofidonius, as quoted by Strabo, fays the port to 
which tin was brought in the fouth of France was Mar- 
feilles. 

To what ufes the nations of antiquity applied all the tin 
which they obtained with fo much labour from Britain, is 
not precifely known. The Phoenicians were celebrated for 
their fkill in the art of dyeing ; and the Tyrian purple, which 
was either a bright crimfon or a fcarlet, was held in the 
higheft eftimation ; hence it has been conjeCtured, with much 
probability, that the Phoenicians were acquainted with the ufe 
of the folution of tin in the preparation of that colour. In the 
modem art of dyeing fcarlet or crimfon, the folution of tin 
in the nitro-muriatic acid is effentially necefiary to commu- 
nicate thofe colours to woollen cloths or fluffs, a practice 
which is probably derived from the ancient manufactures of 
the Eaft. 

The mirrors of the civilized nations of antiquity were 
made of a compofition of copper and tin. The moll ancient 
account that we have of thefe mirrors is that in Exodus, 
chap, xxxviii. 8. 11 And he made the laver of brafs (a mix- 
ture of copper and tin), and the foot of brafs of the mirrors 
of the women.” The Jcwifh women probably received thefe 
mirrors from the Egyptians when they left the country ; 
for it was the cuftom of the Egyptians to carry a mirror in 
their left hand, when they went to their temples. Cyril dc 
Ado. 

Pliny fays that the befl fpecula were anciently made at 
Brundufium of copper and tin. The metallic mixture of 
tin and copper, for rendering the latter metal white, is men- 
tioned by Ariftotle. (De Mirab. ) This compofition is Hill 
in ufe for the fpecula of refleding telefcopes. (See Spu- 
cui.um.) The ancients alfo made ufe of an alloy of tin 
with copper and lead for pot -metal. In the time of Pliny, 
pot-metal, ollaria temperature was made of two pounds of 
lead, and an equal quantity of tin, mixed with one hundred 
pounds of copper. From the fame writer we learn, that 
the bronze of which the Romans made their ftatucs, and the 
plates on which they engraved their inferiptions, was com- 
pofed of one hundred pounds of copper, mixed with twelve 
pounds and a half of an alloy made of equal parts of lead 
and tin. He informs us alfo that tin, plumbum album, was 
employed in coating or tinning copper veffels, to render 
them more wholefome ; and it appears that the Romans 
not only ufed pure tin, but the fame mixture of tin and lead 
which tome of our workmen ufe at this time in tinning of 
veffels. A mixture of equal parts of tin and lead they 
called argentarium ; a mixture of two parts of lead and one 
of tin they called teritarium ; and with two parts of tin and 
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one of lead, they tinned whatever veffels they thought fit. 
(Watfon’s Chemical Effays, vol. ivA In the manuradure 
of arms, the ancients ufed an alloy 01 tin with copper, their 
brafs being a compofition of thefe metals ; but by what 
method they were enabled to communicate to it the necef- 
fary degree of hardnefs is unknown. 

What was the relative value of tin, compared with that 
of gold and filver, as eftimated by the Phoenicians, the 
Greeks, or the Romans, is uncertain. 

The procefs of extracting tin from its ores was probably 
very imperfed, and remained fo in this country to the time 
of Elizabeth, when Carew informs us that fir Francis Godol- 
phin introduced great improvements in the tin-works. 

The reverberatory-furnace appears, from Dr. Borlafe, 
to have been introduced into Cornwall about the beginning 
of the lafl century ; and about the fame time the introduc- 
tion of pit-coal became general, the wood of the country hav- 
ing been nearly exhaufted. Sir Bevil Granville had previoufly 
made many experiments for melting tin with pit-coal, but 
without fuccefs, when the ore was fmelted at the blowing- 
houfes by large bellows worked by a water-wheel. 

Whether the Phoenicians or the Greeks interefted them- 
felvea in the management of the tin-mines, or whether they 
were Amply merchants purchafing and exporting the tin, is 
uncertain. It appears, however, by the paffage quoted from 
Diodorus Siculus, that the veins of tin-ore were worked as 
mines ; though it has been, and is ftill generally believed, that 
llream-tin was the only ore worked by the ancients. From 
the teftimony of Strabo, Pliny, and others, the Romans not 
only traded to Britain for tin, but improved the art of 
mining in Cornwall. The Romans being the conquerors, 
and the Britifh under them having probably little or no 
property, they were the working miners, but under what 
regulations is uncertain. The Saxons did not obtain pof- 
feffion of Cornwall till the reign of Athelllan, and neither 
they nor the Danes appear to have directed their attention 
to the mines. After the Norman conqueft, the working of 
mines is faid to have yielded great profit. In the time of 
king John, however, the right of working tin being as yet, 
fays Borlafe, wholly in the king, as earl of Cornwall, the 
property of the miners was precarious and unfettled, aid 
all the tin that was raifed was engroffed and managed by 
the Jews. The tin-farm of Cornwall at this time amounted 
to no more than one hundred marks, according to which 
valuation, the bifhop of Exeter received then, and ilill 
receives from the duke of Cornwall, the annual fum of 
6/. 13-r. Af(U, fo low were the tin profits then in Cornwall; 
whereas in Devonfhire, the tin was then farmed at 10c/. 
yearly. King John, fenfible of the langui filing Rate of the 
mines, granted the county of Cornwall fome privileges, and 
is faid to have alfo granted a charter to the tinners. 

In the time of Henry III. the tin-mines of Spain, 
which had been worked by the Moors, were flopped, ar.d 
Cornwall had all the trade of Europe for tin. In the 
eighteenth year of Edward I., the Jews being banifhed the 
kingdom, the mines were again negleCted for want of proper 
encouragement to labour, and fecurity to enjoy and difpofo 
of the produCls. In confequence of a petition from fome 
Cornilh gentlemen to Edmund, earl of Cornwall, a charter 
was obtained with more explicit grants ©f privileges of 
keeping courts of judicature, and managing and deciding 
ftannary caufes. About this time, fays Borlafe, it appears 
that the rights of bounding or dividing tin grounds into 
feparate portions, for encouraging the learch for tin, were 
more regularly adjufted, and various laws introduced for 
the protection of the miner. 
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In the thirty-third year of Edward I. I ho above charter 
fecmi to have been confirmed, and the tinners of Cornwall 
were made a diftindt body from thofe of Devon (hire, before 
which time the tinners of both counties were accu Homed to 
meet on Hingfton-Hill every feventh or eighth year, to con- 
cert the common intereft of both parties. Two coinages 
of tin yearly were alfo granted by this charter, and the 
tinners liad the liberty of felling their own tin, unlefs the 
king infilled on buying it himfelf. Other laws and regu- 
lations for the encouragement and prote&ion of the miners, 
were paffed in the reigns of Edward III., Henry VII., 
and Elizabeth. The mines having been much neglected 
during the reign of Mary, Elizabeth invited German miners 
into the country, and great encouragement was given to 
mining operations in Cornwall, and various parts of England. 
The quantity of tin procured annually in the fucceeding 
reigns of James I. and Charles, amounted to (ixteen hundred 
tons. During, and for fonie time after the civil wars, the 
tin-trade declined, but revived again in the reign of 
George I., and has fincc been increaling. For an account 
of the annual produfts of the tin-mines of Cornwall and 
Dcvonfhire, fee the article Mine. 

All the tranfadtions conne&cd with the tin-mines are 
under the controul of the ftannary laws : courts are held 
every fix months, and they decide by juries of fix perfons, 
with a progreffive appeal to the lord warden and lords of 
the duke of Cornwall’s council. By whatever method or 
accident a vein is difeovered, permiffion of the proprietor 
rnuft be obtained before any operations can be commenced, 
except in the cafe of fuch tin-mines as are anciently em- 
bounded according to the provifion of the ftannary laws. 
(See Stannary Courts.) The owner of the foil is 
technically called the lord y whofe fharc (which is called 
his di/b) is generally one-fixth or onc-cighth of the ore. 
The duke of Cornwall receives a duty of four (hillings 
per hundred weight of tin, which is taken when the tin 
is afTayed and licenfed : this procefs is called the coinage , 
from the French word coin , a corner* A corner is chipped 
off each block at the office, and if it be found fuffi- 
ciently pure, the blocks are (lamped with the arms of 
the duke. The annual revenue of the tin is about 
co,oooA ; the average annual amount, being about 3200 
tons, and the \alue about t 20/. per ton. The mode 
of affay is obvioufly rude and imperfefl ; and we have 
heard that foreigners have recently complained that the 
Britiffi tin was not fo pure as that obtained from the 
Eaft. But whatever be the purity of Britifti tin, there 
car be no doubt that it is greatly adulterated on the con- 
tinent. It is faid that every tin-founder in Holland has 
Englilh (lamps, and be the quality of the tin v/hat it may, 
the infeription makes it pafs for Englilh. The metal with 
which liritifh tin is adulterated on the continent is lead, 
which being five tunes cheaper, and when mixed in final! 
quantities not eaiily dot e died, the temptation for (uch 
fraud is great. It is not true, as afferted by feme foreign 
writers of refpeft ability, that Britifh tin is purpofely 
alloyed with certain portions of copper and lead before it 
is exported from Cornwall. The ores of tui, in the tin- 
mines of Cornwall, are fo intimately affociuted with portions 
of cupper-ore, lead-ore, arfenical pyrites, and other metals, 
of which a fmall mixture will remain in the block-tin, and 
can only be feparated by fubfequent refining, that any confi- 
derable portion of alloy may be dete&ed by the increafe of 
fpecific gravity. Grain-tin, which is the pared tin of com- 
merce, i3 fmeltcd from the fined ore by a charcoal fire : 
the common block- tin is (incited with pit-coal or culm, as 
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before Hated. Grain-tin is ufed for various puipofes in tlic 
arts, where tin of the purcfl quality is required. 

Long as the tin-mines of Cornwall have been worked, 
they ft ill continue to fupply in abundance this ufeful metal ; 
but from the greater extent of the prefen t works, and from 
the circumftance of tin always occupying the upper part of 
the vein, we may infer that the tin-mims of that county 
will be exhaufted at no very diftant period. At prefent, 
the principal part of the tin is obtained from the wcllern 
extremity of the county ; but when the tin-mines in that 
dillrift arc worked out, we may confuler the tin-trade of 
Cornwall a.» nearly extinct. The granitic r«mge of Dart- 
moor, in Devoidhire, has been lefs explored than Cornwall ; 
but there is reafon to believe that the metallic repofitorics 
of tin and copper which it contains will furnifh an ample 
field for the induftry of future adventurers, and a failure in 
the fupply from Cornwall would greatly enhance the price 
of this metal, and give increafed fpirit to mining fpec ulations. 

Tin, in Chemiflry and the Arts . The colour of tin is 
white, like that of diver : it has a fenfible tafte, and when 
rubbed, emits a peculiar fmcll : its hardnefs is greater than 
that of lead, and lefs than that of zinc : its fpecific gravity 
is Hated by Briffon to be 7.291, and it is faid to become a 
little greater by hammering : it is very malleable, and may 
be beaten into very thin leaves. Tin-foil , as it is termed, is 
ufually about , 0 V*»thof an inch in thicknefs ; but this is by 
no means the utmuft degree of thinnefs which it will bear. 
Its dudlility and tenacity are rather low : a tin wire, T J^th 
of an inch in diameter, is Hated by Mufchenbroeck (as 
quoted by Dr. Thomfon) to be capable of fupporting a 
weight of 3 libs, only, without breaking. Tin may be 
eafily bent, and when bent, produces a peculiar crackling 
noife : it fufes at about 442° of Fahrenheit’s fcale, but will 
bear a moft intenfe heat before it is volatilized. On being 
expofed to the atmofphere, its fur face becomes (lightly t ar- 
il iffied, but it undergoes no other change. When kept 
under cold water it undergoes no change ; but red-hot tin, 
expofed to the vapour of water, decompofcs it, an ox yd 
of tin is formed, and hydrogen gas is evolved. Expofed to 
the action of the air in a melted Hate, it quickly becomes 
covered with a greyifh powder, or oxyd ; and if the heat is 
very violent, it is Hated to take fire, and to burn with a 
pale white light. 

Tin unites with oxygen in two proportions, as has been 
lately proved by Gay Luffae, in oppofition to Berzelius, who 
concluded from his experiments that there were three oxyds 
of tin. (See Annal. de Chimie et Phyf. vol. i. p. 40.) The 
f:r fl oxyd, or protoxyd, of tin, confiits of about 

Tin - - 100. 

Oxygen - - *3-6 

The fccond, or pci oxyd, of about 

Tin - - IOO. 

Oxygen - - 27.2 

This gives the weight of the atom 7.3 52. Dr. Thomfon is 
inclined to confider it as 7.375 5 but it perhaps will be 
found hcicafter either 7.25 or 7.5. The firft of thefe 
oxyds may be formed by diffolving tin in muriatic acid, 
either by means of heat, or by adding occafionally a little 
nitric acid : when diffolved, add to it a folution of potafh ; 
a white precipitate falls, which is partly taken up again ; 
but the remainder, on Handing, affumes a dark grey colour, 
and even a metallic luftre j and on being heated to whitenefs, 
is pure protoxyd of tin. The peroxyd may be formed by 
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boiling the protoxyd in dilute nitric acid, drying by eva- 
poration, and heating to rednefs. 

Tin forms iikewife two combinations with chlorine. When 
tin is burnt in chlorine, a very volatile clear liquor is formed, 
a non-condu&or of ele&ricity, and which, when mixed with 
a little water, becomes a foud cryflalline fubftance, a true 
muriate of tin, containing the peroxyd of tin. This com- 
pound has been called the /moling liquor of Libavius , from 
its difcoverer, who formed it by diftiuing together amalgam 
of tin and corrofive fublimate. According to the experi- 
ments of Dr. John Davy, it confifts of two atoms or pro- 
portions of chlorine united to one of tin ; or of about 

Tin - ioo. 

Chlorine - 121.82 

Prochloride of tin , firft defcribed by Dr. J. Davy, is a 

grey, femi-tranfparent, cryflalline folid, and may be formed 
by neating together amalgam of tin and calomel. Accord- 
ing to the fame chemift, it confifts of one atom or propor- 
tion of chlorine united to one of tin ; or of about 

Tin 100. 

Chlorine 60.72 

Tin combines readily with fulphur and phofphorus, but 
not with hydrogen, azote, carbon, or boron. 

There are two fulphurets of tin ; the firft may be formed 
by fufing tin and fulphur together : it is of a blueifh colour, 
and lamdlated ftra&ure ; and from the experiments of Dr. 
J. Davy, confifts of one proportion of tin united to one of 
fulphur. The other fulphuret of tin is made by heating to- 
gether the peroxyd of tin and fulphur. It is of a beautiful 
gold colour, and appears in fine flakes. It was formerly 
called aurum mufivum , and various complicated proccffes 
given for forming it. Pelletier and Prouft inveftigated its 
nature, and concluded it to be a compound of oxyd of tin 
and fulphur ; but Dr. Davy has (hewn that this is not the 
cafe, and that it confifts merely of one proportion of me- 
tallic tin united to one proportion of fulphur. 

The phofphurct of tin may be formed by heating the two 
fubftances together. Only one phofphuret is known : it 
has a metallic appearance, and is io foft that it may be cut 
with a knife. When gently heated in the air, the phofpho- 
rus takes fire. According to the experiments of fir H. 
Davy, it contains about 17 per cent . of phofphorus, and 
confifts therefore of one atom or proportion of phofphorus 
united to one of tin. 

Tin combines with mod of the metals, and fome of its 
alloys are much employed. 

Its alloys with the metals of the fixed alkalies fpeedily 
tarnifh in the air, and effervefee in water. 

It readily unites with gold by fufion, and was formerly 
fuppofed to have the property of rendering this metal brit- 
tle ; but this has been more recently denied. An alloy of 
1 1 gold and 1 of tin, was found by Mr. Hatchett to have a 
pale whitifh colour, brittle when thick, but when cut thin, 
capable of being bent cafily. Its fra&ure was fine-grained, 
and of ail earuiy appearance. Mr. Alchorne found, that 

S old alloyed with no more than Vrth of tin, retains its 
u&ility fufficiently to be rolled and damped in the ufual 
manner. But Mr. Tillet fhewed, that when heated to red- 
nefs, the tin melts, and the alloy falls to pieces. 

Its alloys with platina, according to Dr. Lewis, are brit- 
tle and dark-coloured, when the two metals are in equal pro- 
portions. The alloys of tin and filver are very hard and 
brittle* The alloys, or rather amalgams, of tin and raer- 
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cury differ in hardnefs, according to the proportions in 
which the two metals are mixed 1 three parts of mercury and 
one of tin form an amalgam which cryllallizes in cubes, or, 
according to Sage, in the form of brilliant fquare plates, 
thin towards the edges. Tin readily combines with copper, 
and forms alloys exceedingly ufeful for a variety of pur- 
pofes, as will be briefly noticed when we fpeak of the ufes 
of this metal. Tin does not readily combine with iron, 
but their union may be effected by fufing them together in 
clofe veffels : it combines with zinc by fufion, and the alloy 
is harder than zinc, and ftronger than tin : with lead it rea- 
dily unites in all proportions, and the lead by the addition 
becomes confiderably harder. 

The oxyds of tin are capable of combining with the alka- 
lies, and of forming with them peculiar compounds. 

Salts of Tin . — Tin is oxydated and diffolved by many of 
the acids, and forms falts, differing in their nature ac- 
cording to the degree of oxydizement of the metal. 

Nitrates of Tin — Concentrated nitric acid (fpecific gra- 
vity 1.48 J poured on tin, exerts but little a£tion upon it ; 
but if a little water be added, a violent aftion is exerted, 
and peroxyd of tin is formed, which feparates in the form of a 
white powder, this oxyd being apparently incapable of 
combining with nitric acid : in this cafe, both the acid and 
the water are dccompofed, and nitrate of ammonia is formed $ 
but if the acid be diluted, and care be taken to moderate its 
a&ion upon the metal, the water only is chiefly dccompofed, 
and the protoxyd of tin is formed, which combining 
with the nitric acid, forms a folution of a yellow colour, 
which is a real nitrate of tin. Still, however, a little ni- 
trate of ammonia is formed, and the nitrate of tin itfelf is 
not permanent, the metal continuing to pafs to the ftate of 
peroxyd, and gradually feparating. The fame change is 
produced by heating the folution, a precipitate being depo- 
sited, which, however, is partly fubnitrate of tin. 

Muriates of Tin. — We have already fpoken of the chlo- 
rides, or compounds of tin with chlorine. Now if water 
be added to thefe chlorides, they are converted into muriates 
of tin. The muriate of tin, in which the metal is in the 
ftate of protoxyd, may be formed, however, by diflblving 
tin in about four times its weight of muriatic acid : hydro*, 
gen efcapes, and the folution has a brownifli-yellow colour, 
and yields, on evaporation, fmall needle -ftiaped cryftals, fo- 
lnblc in water, and fomewhat deliquefeent. Water poured 
upon it in fmall quantity decomposes it, and converts it into 
a fnbmuriate, which is precipitated, and a fuper-muriate, 
which remains in folution. A fimilar effe6t is produced by 
the alkalies, when not added in excefs. This muriate of 
tin, formed of the protoxyd, has a great tendency to com- 
bine with oxygen, and to pafs into the ftate of muriates 
with the peroxyd, and this property enables it to exert 
many curious efforts upon other metallic falts. Thus, for 
example, the red oxyd of mercury, the black oxyd of man- 
ganele, the white oxyd of antimony, the oxyds of zinc and 
filver, are deprived of their oxygen by this fait, and reduced 
to the metallic ftate. The muriate of tin with the peroxyd 
of the metal may be formed as before mentioned. It is ca- 
pable of cry ftalli zing, and poffeffes properties quite different 
from thofe of the muriate above delcribed. It is much 
ufed by dyers, who generally form it by diffolving tin in 
nitro-muriatic acid. 

Sulphate of Tin . — Sulphuric acid, when cold, has little 
a£lion on tin, but aflifted by a moderate heat, it attra&s 
oxygen from it ; fulphurous acid gas is evolved, and a ful- 
phate of tin is formed, which yields, when evaporated, 
fmall needle-formed cryftals. It is probable there are two 
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lulphatosof tin, though their properties do not appear hi- 

therto to have been dium&ly defined. 

The pbofphatCf Jluate , and borate of tin may be formed 
by double decompofition, by adding (olutions of their alka- 
line falts to a folution of muriate of tin. They arc all info- 
luble compounds, and have been but imperfe&ly examined. 
No carbonate of tin appears to exifi. 

The other falts of tin are unimportant, and but little 
known. The acetate has been moil inveftigated : it may be 
formed by boiling tin in acetic acid. The folution has a 
whitifh colour, and yields cryftah by evaporation. There 
appears, however, to be another acetate , (formed probably 
with the peroxyd of the metal,) that does not cryflallize, 
but is capable of cxifting only, on evaporation, in the form 
of a gummy mafs. 

Ujes of Tin and its Compounds . — Tin and its compounds 
are extenfively ufed in the arts. We (hall here briefly point 
out fume of the more important operations in which they 
are concerned, referring our readers for further particulars 
to the different articles themfelves. An amalgam of tin and 
mercury forms the metallic coat of glafs mirrors. For the 
method of performing this operation, fee the article Silver- 
ing of Mirrors . 

The compounds of tin with copper are very important. 
Of this alloy cannons are made, alfo bell-metal, bronze, and the 
mirrors or fpeculaof telefcopes. For thefe different purpofes, 
the two metals are mixed in different proportions, which are 
pointed out more particularly under their rcfpe&ive articles. 

Veffels of copper, cfpccially for culinary purpofes, are 
ufually covered with a thin coating of tin, to prevent 
the copper from oxydating. (See the article Tinning.) 
Thin iron plates covered with this metal, form what is 
known by the name of tin-plate ; which fee. 

The oxyd of tin, mixed with that of lead, forms putty , 
which is much ufed in polifhing metals. Sec Putty and 
Sl’ECULUM. 

Tin alloyed with lead forms folder ; which fee. 

Of the falts of tin, a folution of the muriate , or dyers 9 
liquor , as it is termed, is ufed as a mordant in dyeing fcarlet. 
Sec the articles Dyeing, Mordant, and Red. 

The folution of tin in aqua regia, added to the tin&uros 
of cochineal, of gum-lac, and of fomc other red tin&uret, 
heightens the colour of thefe, and changes it from a crim- 
fon or purple to a vivid reddifh -yellow, or fire-coloured 
fcarlet. The new fcarlet, or Bow dy *, is obtained in this man- 
ner ; and it is faid, that our moil beautiful and lading- 
coloured fine cloths owe their fuperlativc excellence to the 
retentivenefs given by our fine grain-tin ; infomuch, that 
theEnglifh fuperfine broad-cloths, dyed in grain by the help 
of this ingredient, arc become famous in all markets of the 
known world. 

Mr. Pryce apprehends, that the purple dye of the Ty- 
rians owed its reputation wholly, or in pa«*t, to the life of 
our tin in the compofition of their dye -fluff, as the tin-trade 
was folely under their own dire&ion. 

This colour, however, fuccccds only with wool and other 
animal matters. Attempts have fc.vi made, but without 
fuccefs, to give this colour to thread, to cotton, and even 
to filk, though this latter fubftancc has many properties of 
animal matters. The folution of tin made with marine acid 
alone, or with vitriolic acid, does only give to red tin&ures 
a crimfon colour, as alum docs. Vegetable acids, as vine- 
gar and cream of tartar, are alfo capable of diffolving tin. 

Tin or its compounds are not ufed in medicine. They do 
not appear to be of a poifonous nature ; but the muriate of 
tin, taken into the ftomach in confiderable quantity, fpoedily 
induces death, apparently merely from its corrofive qualities. 
Vul. XXXV. 
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It was formerly recommended for its anthelmintic virtues ; 
but it is pofflblc, fays Dr. Lewis, that thefe may proceed 
not fo much from the pure metal, as from a certain fub- 
flance of a different or arfcnical nature, of which the pure A 
forts of tin are found to participate. 

The principal preparations of tin are as follow : 

Tin, Butter of, is a name given by fomc chcmiiL to a 
combination of tin with the concentrated marine acid of cor- 
rofive fublimate. It is procured by reducing thefe fub- 
ftances into fmall parts, and mixing them together : this 
mixture will, by degrees, be moiftened by nttra&ing the hu- 
midity of the air. The decompofition of the corrofive fub- 
limate by the tin is more fpeedily effc&cd by diflillation. 

Tin, Calx of is the moftd reduced into powder, either 
by mean 8 of fire, or by being diffolved in an acid men ffruum, 
and precipitated with an alkali. 

Tin, G cruft of See Spanijh White. 

Tin, Diaphoretic of. See Antihkcticijm Poteriu 

Tin, Flowers of are a kind of white cofmetic, or paint 
for the complexion, drawn from tin with fal ammoniac, by 
means of fublimation. 

Tin, Gold-coloured preparation of is made by adding fix 
ounces of mercury to twelve of melted tin, pulverizing the 
cold mafs, mixing with it feven ounces of flowers of fulphur 
and fix of fal ammoniac, and fubliming in a matrafs. 

This preparation is tailed aurum mofaicum , and as a medi- 
cine is little regarded, though formerly much efteemed 
againfl hyfterical and hypochondriacal complaints, malignant 
fevers, and venereal difordm. Upon experiment, it appears 
to be little more than calx of tin. 

Tin, Salt of Sal Juvis , is prepared from twelve ounces of 
calx of tin, and four of aqua regia, diluted with twenty-four 
of water : after digeftion fur two days, the veffel is to be 
lhaken, the more ponderous part of the calx fuffered to fet- 
tle, the turbid liquor poured off, and evaporated almofl to 
drynefs, and the mafs further cxficcated on brown paper : 
to the remaining calx half the quantity of frefli menftruum 
is to be added, and the proeefs repeated. Dr. Lewis’s ex- 
perience has not enabled him to pronounce on the virtues of 
this fait, which is in tafle very (harp and corrofive : he thinks 
it needlefs to calcine the irutal, as tin uncalcined diffolves 
much more cafily and plentifully, and the folution is in both 
cafes the fame. According to Hoffmann, the folution of tin 
is a flrong purgative. Lewis’s Mat. Med. 

Tin is alfo a word ufed by fomc of the chemical writers 
to exprefs fulphur. 

Tin -Coping, in Rural Economy, a fort of covering of this 
kind of metallic fubftance in the (licet form, which is not un- 
frcquently employed on the upper parts of the frames, 
(lands, or (laddies of com-ftacks, for the purpofc of pre- 
venting dcftru&ive vermin from entering or getting into 
them. It is a cheap, ready, convenient, and ufeful mate- 
rial in this intention, in many cafes, which the arable farmer 
(hould not be inattentive to in his flack-yard. 

Tin -F loors, a contrivance ufed by our hufbandmen who 
propagate hops, to dry them after the gathering. See 
OoxT. 

It is thus done : Let a fquarc brick room be built, with 
a door on one fide, and along fire -place of a foot wide in the 
middle, reaching almofl acrofs it ; let holes be made at the 
Tides of this fire-place, to let out the heat into the room ; 
and at the height of five feet above tliis, let a floor be made 
of laths of an inch thick, laid lattice-wife. Let this be 
covered with great plates of double tin, taking care that the 
joinings of the tin be well foldered, and lie upon the laths, 
nor over the interftices, which may be about four inches 
wide. Let a row of boards be fitted round the edge of 
4 U 
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this floor, to keep the hops from falling oft ; then lav on a 
covering of hops of a foot thick, and make a fmall lire of 
charcoal in the mouth of the fire-place, and the hops will 
dry very quickly and very regularly. They may be con- 
tinually furred about while drying, and, when dry, a 
part of the boarded edge of the kiln may be taken down, 
and the dried parcel thruft out, and a frefh parcel laid on in 
their place. A very fmall quantity of fuel is fufficicnt in 
this way, and any fuel will do, for the fmoke never conies at 
the hops. There is a very great improvement ftill upon 
this method of drying hops, ufed by fome people : this is 
the making of a wooden cover, of the fize of the tin-floor ; 
this is covered with plates of tin nailed on, and is fufpended 
over the kiln in fuch a manner, that it may be let down at 
plcafure, when the lower parts of the hops are dry. This 
is to be let down within ten inches of their furface, and 
there it atts as a reverberatory, and drives back the heat on 
the upper ones, fo that they are dried as foon as the lower 
ones. Thus all the trouble of turning is Caved, and the 
hops are much better dried than in any other way. Mor- 
timer’s Hufbandry, p. 1 86. See Ventilator. 

Tin-/W. See Foil, Foliating, and Look ing-glass. 

Tix-Hatch, in Mining, a term ufed by the people of 
Cornwall, to exprefs the opening into a tin-mine. They 
alfo call it tia-Jhaft. 

They make feveral openings in the Tides of the hills 
where they expe£ veins of ore to be. All thefe, except that 
which opens on the head of the mine, are called eJJ'ay -hatches ; 
but that which does fo, is made their entrance afterwards., 
and changes its name to that of the tin-hatch. See 
H ytches and Shaft. 

Tin -Hoop for Cheefe , in Rural Economy , a light thin hoop 
conftrudVd of this fort of fheet metallic fubllancc, that is 
fometimes employed in checfe -making, for holding and 
keeping the curd together while it is breaking and being 
crumbled down into the filling-vat, in order to prevent the 
trouble of railing and holding up the corners of the cloth 
which is made ufe of in the bufmefs. It is ufually about 
nine inches in breadth, and formed fo as exa&ly to fit the 
top part of the cheefe-vat on which it refts when ufed. 
Theft; hoops are fometimes made of other materials, as 
wood, 8cc. and are ufeful in faving time and trouble. 

Tin -O re, called tin-fluff by the miners in Cornwall. 
See Vis-Stone. 

M. Gcllert dire&s, that ores of tin fhould be aflayed in 
the following manner : Mix a quintal of tin-ore, waftied, 
pulverized, and twice roailed, with half a quintal of calcined 
borax, and half a quintal of pulverized pitch ; thefe are to 
be put into a crucible, moiftened with charcoal-duft and 
water, and the crucible placed in an air-furnace ; after the 
pitch is burnt, give a violent fire during a quarter of an 
hour, and then withdraw the crucible. If the ore be not 
very well wafhed from the earthy matter, as it ought to be, 
a larger quantity of borax is requifitc, with fome powdered 
glafs, by which the too quick fufion of the borax is re- 
tarded, and the precipitation of the earthy matter is pre- 
vented. If the ore contains iron, to the above mixture may 
be added fome alkaline fait. See Moon-Stone . 

The method of a/Tayinjr tin-ore, fays Mr. Prycc, is very 
eafy ; for in its form and hze of black tin (which is the ore 
drefled by damping, feveral walkings, and calcination, if 
mineralized with vitriolic, arfenical, or fulphureous pyrites) 
great part of the work is done, and little more remains than 
tufion, which is accompliftied by a red heat in the following 
procefs : Take four or five ounces of black tin as emptied 
from the facks, mix it well with about one-fifth part of its 
weight of powdered culm $ put the mixture in a black-lead 


TIN 

crucible, on the wind furnace, and, in about twenty minutes, 
the metal will be found precipitated to the bottom of the 
crucible, the culm and fcoria floating on the tin. On the 
furface of this matter there will be globules of tin ; and 
therefore the mixture fhould be flirred with an iron rod, to 
make them fall into the tin at the bottom. Clofe the fur- 
nace, and let the whole remain in fufion from three to five 
minutes. Keep in readinefs an iron or brafs mortar, and an 
ingot -mould about fix inches long ; pour the tin into the 
ingot, and empty the culm and fcoria into the mortar, 
feraping off what remains in and about the crucible with a 
(harp iron. As foon as cold, put them into another mortar, 
and pulverize them gently, fo as to feparate the fcoria from 
the larged of the globules of tin. Sele£l the larger glo- 
bules, and pulverize the remainder a fecond time ; then put 
this duff, twice powdered, on a (hovel, and palling it often 
through water, in the fame manner as the lighter parts are 
waflied from ores in vanning, and the imaller globules will 
remain on the (hovel ; and thefe, with the larger (both to- 
gether being generally called pillion-tin), being added to, 
and weighed with the ingot, (new the produce in metal of 
the four or five ounces adayed. See Macquer’s Chcm. Di£t . ; 
and Pryce’s Min. Corn. p. 269. 

Tin -Plates, an article of manufa&urc very common 
among us, and vulgarly called tin . It is iron plated over 
with tin. The French call it fer hlanc , white iron, as we 
fometimes do in England. It was once known under a 
diflindt name, lattin, under which article the procefs of ma- 
nufadturing it is deferibed. 

The procefs ufed for this purpofe near Caermarthen, in 
South Wales, which is deferibed hv Mr. Donovan, in his 
11 Dcfcriptive Excurfions through South Wales in 1805,” 
is as follows : 

The iron-ore employed in this manufactory is the common 
kind of the country, intermixed with a large portion of the 
fine haematite from Ulvcrdone, in Lancafhire, which gives a 
very fine metal. This too is ('melted with charcoal indead 
of coke, to produce a metal of the greateft purity and cx- 
tenfibility, and clofenefs of texture, which qualities arc par- 
ticularly required in this manufacture. The reduced ore is 
fmelted in the ufual manner, and cad into pigs, which are 
then wrought by the hammer into long flat bars, that are 
afterwards cut into pieces of about ten inches in length. 
Thefe are then wrought into plates by being heated red-hot, 
and pafTed through a flatting-mill, which confifts of two large 
cylinders of flee], cafe-hardened and fecured in a frame of 
iron. Thefe are placed contiguous to each other, but with 
a certain interval of fpace, and revolve in a contrary direc- 
tion, fo that when one end of the bar is thrufl in the fpace 
between the cylinders, the whole is drawn through and pro- 
portionably extended and flattened in the paffage. The 
didance between the cylinders, which of courfe determines 
the thicknefs of the plate, is maintained and regulated by 
ferews which can be altered at plcafure. When the bar is 
thus made into a plate of twice the thicknefs of tin* ordinary 
plates, it is heated red-hot, cut in two by a pair of (hears, 
and one piece folded cxa&Iy over the other, and both rc- 
pafled repeatedly through the cylinders till the folded plate 
has extended to the fame length and breadth as the plate 
was before cutting. It is then clipped round the edges, and 
the two plates torn afunder (which requires fome little 
force) after which they are each finiflied by palling through 
a finer rolliiig-prcfs, fo as to take away every create or in- 
equality in the plate, and thofe that are too rough to pafs 
through this finer profs are thrown afide. 

The plates are then (leeped in a very weak acid liquor, 
and when taken ont are fcoured thoroughly with bran, fo as 
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to be quite bright and polifhed to enable the tin to adhere. 
The tin is melted in deep re&angular crucibles, and kept 
fluid by a moderate charcoal fire beneath. To prevent its 
calcination, a quantity of greafe prepared from linfeed-oil 
and fuet is conflantly kept floating on the furface of the 
tin, and renewed as it evaporates on, which gives an excef- 
fively naufeous flench. The plate is then taken up by one 
corner by a pair of pincers, and dipped vertically into the 
tin, and when withdrawn is found beautifully white and re- 
fplendent with the coating of this metal that adheres to it. 
This dipping is repeated three times for what is called Jtngle 
tin-plate , ana fix times for the double plate . The plates are 
then only clean fed and forted, and are fit for ufc. 

We (hall here add, with regard to the hiflory of this ma- 
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nufafture, that in the year 1681, tin-plates were made in 
England by one Andrew Yarranton, who was fent to Bohe- 
mia to learn the manner of making them. But the manu- 
fafture was difcontinued by his employers, and afterwards 
fo much difregarded, as to be reckoned among the proje£ts 
called bubbles of the year 1720 ; however, it was revived, 
and brought to fuch pcrfe&ion about the year 1740, that 
very little of it was imported from foreign parts ; our own 
plates being of a finer glofs,or coat, than that made beyond 
fea, the latter being hammered, and ours being drawn under 
a rolling-mill. And. Hift. Com. vol. ii. p. 175, 361. 

The two principal wholefale houfes for this manufacture 
in London, a.v tliofe of Jones and Taylor in Tottenham- 
Court Road, and Howard and Co., in Old-ftrect Road. 
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TOOLS, fimple and popular inftruments, ufed in the 
more obvious operations, and particularly in the making of 
other more complex initruments. 

The term tool is particularly ufed by canal-makers, for 
a kind of ftrong curved fpade or Ihovel employed in canal- 
works. 

Tools are divided into edge-tools, fpring-tools, pointed- 
tools, ice. 

Mr. Parkes, in the fourth volume of his “ Chemical 
Eflays,” has given a hiilory of the origin and progreffive 
improvement of edge-tools, and an account of the materials 
of which they were conftruded. It appears from Goguet’s 
M Origin of Laws,” to which he refers, that as many of 
the ancient nations had no knowledge of iron, they ufed 
ftonei, flints, the horns and bones of various animals, the 
bones and (hells of filh, reeds, and thorns for every purpofe 
in which the modems now ufe edge-tools of iron and fieri. 
Spears and other inftruments for exterminating wild beafts, 
and even implements of agriculture, were formerly made 
with gold and filter; and inftead of thefe was afterwards 
fubftituted copper, as a metal more eafily to be procured 
than malleable iron. The abundance of celts and other an- 
cient inftruments, found in various parts of the globe, 
(hews that copper and brafa were formerly in -very general 
ule. From the prodigious number of copper inftruments 
of Afferent kinds and fizes, which have been found in this 


country, fuch as axes, fwords, fpear-heads, arrow-heads, 
&c. known among antiquaries by the general name of celts, 
it is evident that our anceftors were well acquainted with the 
art of forming metallic copper in any way which they thought 
proper ; whereas the ufe of metallic iron is comparatively 
of late introduftion. At the time of the firft Roman invafion, 
this metal was fo rare, that the Britons fabricated their 
money with it, and even their ornamental trinkets. But 
the Romans having made themfelves mailers of the country, 
eftablifhed imperial founderies for making iron, and con* 
ftru&cd forges for manufacturing f pears, lancet, battle-axes, 
and implements of every kina, in different parts of the 
kingdom. ( See Csefar, de Bell. GaD. lib. v. c. 1 2. Henry’s 
Hift. of Britain, vol. ii. p. 139, 140.) At the battle of 
Hamilton, in 1402, the repulfe of the Scots appears to 
have been entirely owing to the excellent temper of the arrows 
which were employed by the Englifh army. Swords alfo 
were then in ufe, and Sheffield was, even then, famous for 
ks cutlery. Table-knives, it is faid, were firft made in 
London in 1563, by one Thomas Matthews of Fleet-bridge. 

Good edge-tools cannot be made without fteel ; and of 
this there are various forts (foe Steel} ; fuch as'bliftered, 
(hear, fpur, ftar, and caft fteel ; befidet which there » a 
land of German fteel, made immediately from the iron ore, 
by fimple fufion*. (See alfb Wootz.) The chcapeft 
E t edge- 
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edge-tools, and other lefs important articles, are ufually 
made with the fail-mentioned kind, united to a large pro- 
portion of bar-iron. Clothiers' ihcars, firmer chifels, plane- 
irons,- coopers' adzes, feythes, reaping-hooks, and large 
knives, arc commonly made with (hear-fteel : for the method 
of manufa&uring it, fee Stbel. The fpur and ftar fteel 
are ufed only for particular purpofea, according to the fancy 
of the matter cutler. Caft-fteel is ufed for the beft pen- 
knives, feiffars, and razors ; and fine faws, furgical inftru- 
ments, and all edge-tools which require a fine polifli, and 
various other implements employed in cutting iron, are all 
made with caft-fteel. The fuperior beauty of inftruments 
made with caft-fteel would have occafioned a very great con- 
fumption of this article, if it had not been for the difficulty 
of welding, or uniting it properly with iron, and which oc- 
cafioned its being ufed at firft only for thofe fmaller inftru- 
ments, fuch as lancets and penknives, which arc generally 
made entirely of fteel. But fince the (hfeovery made by 
fir Thomas Frankland (for which fee Welding), caft-ftccl 
has been brought into more extenfive ufe, and the inftru- 
ments that are thus conftru&ed, are much better than thofe 
which are made entirely of caft-fteel. The circuni (lance 
of an inftrument having its back made of iron, renders it 
not fo apt to fly from the work to which the edge or fteel 
part is applied, and eventually lefs liable to break. 

Many artifts, long after the invention of caft-fteel, ufed 
to unite it to the iron by means of rivets. Hoes are ftill 
made by riveting or ferewing the back, together with the 
eye, upon a blade made with caft-fteel. We cannot mi- 
nutely recite the various manipulations that are pra£lifcd in 
the manufacture of different edge-tools. The reader will 
find information of a more ample kind in the work of Mr. 
Parkes, above cited. (Sec alfo our article Cutlery.) 
Wc fhall, however, fcle£t the following particulars : the 
cooper’s adze and the carpenter’s axe are firft formed by 
the wh :f e-fmitli, in iron, together with the eye for the helve. 
The inftrument is then heated again, and the edge of the cut- 
ting part is flit down with a chifel, and this flit is filled with a 
thin piece of fteel, of a correiponding fizc and Form. The 
iron, that has been flit upon, is folded down upon the fteel, 
and the whole again heated to a welding heat, when the 
fledge -hammer quickly unites the iron and the fteel into one 
compa£l mafs. Scythes and fuch other large inftruments 
are forged at the mill, by means of a large hammer, moved 
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by water, and the procefs is called “ fkelping.” Augers, 
gouges, large chifels, table-knives, razors, and other in- 
ttruments of a fimilar bulk, are forged upon a large anvil 
by the principal workman, aided by an afliftant called the 

ftriker,” who ftrikes occafionally with a fledge-hammer. 
Penknives, lancets, gravers, furgical inftruments, and other 
fmall edge-tools, are generally forged on a fmall anvil firmly 
fixed within a large one, in order to give greater fteadinefs. 
Thefe are ufually fafhioned out of fteel only, and forged by 
one workman fingly and alone. Sciffors are alfo forged by 
a Angle hand ; but the anvil on which they are fafhioned is 
of a peculiar conftru&ion, having bojfes or dies , and beak 
irons of various fixes occafionally adapted to it, fo as to 
fuit the different fhapes and dimenfions of the feparalc parts 
of thefe particular inftruments. 

It fhould have been noticed, that many other tools be- 
fides the ax*‘ and the adze are originally forged out of a piece 
of iron, with a little fteel welded to it for the cutting part 
of the inftrument. 

The real Damafcus fword-blades are faid to be compofed 
of flips or thin rods of iron and fteel bound together with 
iron wire, and then firmly cemented together by welding. 

It is.w(»ll known that it Ja the circamftance of drawing 
down the fhear-fleel under the tilt-hammer that gives it the fu- 
periority over common fteel. ( See T ilt -Hammer , and Ti lt- 
ing of Steel . ) Mr. Binglcy therefore fuggefts in his patent, 
that, if he could roll out his fteel much thinner than 
it had ever been done before, he fhould much improve its 
quality : and accordingly a very thin piece of fteel is let into 
the face of a plane-iron made of caft-iron ; and, as the fteel 
for this particular purpofc has to go through the rollers fe- 
veral times to make it fufficiently thin, it becomes of a pe- 
culiar texture, and the tool made with it is found to fuit the 
joiner much better than the plane-irons heretofore in ufe. 

In the man ufa£l urc of edge-tools, the procefs which im- 
mediately fucceeds the forging is that of hardening . All thef t* 
cutting inftruments are therefore fafhioned when the metal U 
in its original foft ftate ; and when they have attained the 
intended forms, they are heated afrefh to a particular tempe- 
rature fuitablc to the article. When they have acquired that 
degree of heat, they are inflantly plunged into cold water, 
which gives them great hardnefs, and renders them capable 
of cutting foft iron, or cvui fteel. See Tempering. 
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TURNING, in the Mechanical Arts , is the operation 
of fluping wood, metal, or other hard fubftancea, into a 
round or oval figure, by the aid of a machine called a lathe; 
which fee. 

In turning, the work or fubftancc to be operated upon is 
placed in the lathe, and made to revolve with a circular mo- 
tion about a fixed right line as an axis of motion ; and the 
exterior furface is worked to its intended figure by means of 
fome kind of edged tool, which is prefented to it and held 
fall down upon a fixed reft. The protuberant parts of the 
work, by its rotatory motion, are carried againft the cutting 
edge, and cut off, fo as to reduce every part of the out fide 
furface, to an equal diftance from the axis of motion, "and of 
courfe it will be of a circular figure. 

The articles which admit of being turned to give them 
their figure, are all fuch as combine the three following pro- 
perties: i. That they may be fuppofed to have an ima- 
ginary right line or axis palling centrically through the whole 
lengtn of the piece : 2. That all the fettions wnich can be 
maae by planes perpendicular to fuch axis (hall be circular : 


and 3. That the centre of all fuch circles fhall coincide with 
the axis or centre line. 

It fhould be obferved, that a piece of woxk may have 
two or more centre lines in different parts or in different 
directions; but it mull in that cafe be formed or turned 
at two or more fucceffive operations, becaufe what can be 
done at once fixing in the latne t mud come within the above 
definition. 

The work may be turned hollow, fo as to make a cavity 
withinfide ; or work mav be turned on the outfide, to give 
form to the external furface ; and frequently work is turned 
both without and within ; but in either cafe, the above defi- 
nitions will apply. 

Diodorus Siculus fays, the inventor of the art of turning 
was a nephew of Daedalus, named Talus ; and that the re- 
putation which he acquired by this invention excited the 
jealoufy of Daedalus, and induced him to put Talus fecretly 
to death. Pliny aferibes it to Theodore of Samos, ana 
mentions one Thericles, who rendered himfelf very famous 
by his dexterity in managing the lathe. With this inftru- 

ment. 
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meat, it is faid, the ancients turnea all forts and kinds of 
vafes, many of which they enriched with figures and orna- 
ments in baffo relievo. Thus Virgil fays : 

il Lenta quibus torno facili fuperaddita vitis.” 

The Greek and Latin authors make frequent mention of 
the lathe 9 and Cicero calls the workmen who ufed it, vafcu - 
larii. It was a proverb among the ancients, to fay a 
thing was formed in the lathe, to exprefs its delicacy and 
juftnefs. 

The art of turning is of confiderable importance, as it 
contributes eflentially to the perfection of many other arts. 
The architect ufes it for many ornaments, both within and 
without highly finifhed houtes. The mathematician, the 
aftronomer, and the natural philofopher, have recourfe to 
it, not only to embellifh their inftruments, but alfo to give 
them the neceflary dimenlions and precifion : in fhort, it is an 
art abfolutely neceflary to the mecnanift, the goldfmith, the 
watchmaker, the joiner, the fmith, and others. 

As the operation of turning is to be performed by 
the aid of the lathe, the ftru&ure of that machine is the 
firft thing to be confidered. In our article Lathe, we have 
given a defeription of the moft perfeCt kind of lathe, made 
in iron, with a triangular bar; and in the article Rose- 
Engine , we have deferibed a curious lathe for ornamental 
turning ; but it is to be obferved, that a much more Ample 
machine will anfwer all the* common purpofes of turning. 

The eflential properties of a lathe for outjidc work are, 
firft, that it (hall have two points which will firmly fuftain 
the work at each end, by penetrating into the ends of the 
work, and, at the fame time, allow it to turn freely round 
upon the points : there muft be a reft or fupport to hold the 
tool upon, and alfo fome means of turning the work round 
upon the points. A lathe to turn hollow or inftde work will 
not admit of a point of fupport at each end of the piece, and 
therefore the work is firmly fixed to the extremity of a fpindle, 
which is called a mandrel; when the mandrel is turned round, 
the work revolves with it, and the tool can be applied at the 
cad of the work, to excavate or turn it hollow withinlide, or 
to turn it on the outfide, as required. 

Lathes are made in a great variety of forms, and put in 
motion by different means : they are called centre lathes , where 
the work is fupported at both ends ; and mandrel , fpindle , or 
chuck lathes , when the work is fixed at the projecting extremity 
of a fpindle. 

From the different methods of putting them in motion, 
they are called pole lathes , and hand-wheel lathes , or foot-wheel 
lathes . For very powerful works, lathes are turned by horfes, 
fteam-engines, or water-wheels. 

The lathes ufed by wood-turners are generally made of 
wood, in a Ample form, and are called bed lathes : the fame 
kind will ferve for the common turning of iron or fteel, but 
the belt work in metal is always done in iron lathes, which 
are fometimes made with a triangular bar, and are called 
bar lathes, (fuch an one is deferibed in the article Lathe) ; 
fmall ones, for the ufe of watch-makers, arc called turn-benches , 
and turns ; but there is, in fad, no proper diftinftion between 
thefe and the centre lathes, except in regard to fize, and that 
Ihey are made of iron and brafs inftead of wood. 

The centre lathe is the moft Ample of all others. Two 
beams of wood are fixed horizontally upon legs, like a bench, 
md form what is called the bed . The two beams are fixed to- 
geiher, parallel to each other, and at a fmall diftance afunder, 
to as to leave a fpace or narrow groove between them, nearly 
the whole length of the bed. This groove is to receive the 
tenons at the lower ends of the puppets , which are fhort polls 
riling perpendicularly from the bea, and firmly fixed thereto 
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by means of crofs wedges, put through the tenons beneath the 
bed ; for the tenons are of fufficient length to defeend quite 
through the groove in the bed, and projed beneath Suffi- 
ciently to receive the crofs wedges, which being driven in, 
draw the bafes of the puppets or polls fo firmly down upon 
the furface of the bed, that they will ftand firmly ereCl upon it ; 
or by withdrawing the wedges, the puppets become loofe, and 
can be fixed in another part of the bed, in order that the dif- 
tance between the two puppets may be made to correfpond 
with the length of the piece of work to be turned. One of 
the puppets has a pin orpikeoi iron fixed into it, and the other 
one has at the fame level the centre ferew, working through 
a nut faftened in the puppet : both the ferew and pike have 
(harp points made of fteel, hardened and tempered, that 
they may not wear away. They muft be exaCtly oppofite, 
and in a line with each other. The piece of work, fuppofe 
for inftance it ia a roller of wood, is fupported by its ends 
between the points of the pike and the ferew, that it may 
turn round freely. The rejl for the fupport of the tool is a 
rail or bar, extending from one puppet to the other ; it liei 
in hooks, projecting from the faces of the puppets. 

The work is put in motion by means of the treadle , 
which ia worked by the turner’s foot ; a firing or catgut is 
faftened to the treadle, and pafling two or three turns round 
the work, it is faftened to the end of an elaftic pole, fixed to 
the ceiling over the turner’s head. 

The workman ftands before his lathe, having one of hie 
feet on the treadle to give it motion ; he places a (harp 
gouge or ch'tj'el on the reft, and approaches the edge of it 
gently to the piece of work ; then prefling the treadle down 
by his foot, the firing turns the work round, and the chifltl 
or gouge being held firm upon the reft, and fo as to touch 
the wood, it will cut it to a circular form. When he has 
brought the treadle to the ground, he relcafes the weight of 
his foot, and the elafticity of the pole draws up the treadle, 
turning the work back again ; during which retrograde 
motion, he withdraws the chifTel from the work, as it would 
not cut in this direction, though it might impede the motion 
of the wood, and would injure the edge of the tool. He 
mull perform liis work gradually, without leaving ridges ; 
and when he meets with a knot in the wood, lie muft go on 
ftill more gently, otherwife he would be in danger both of 
fplitting his work and breaking the edge of his tool. For 
turning light work, a bow, fuch as is ufed for (hooting 
arrows, is fufpended by its middle over the lathe ; the firing 
is then tied to the middle of the bow-ftring, in lieu of the 
pole, and aCts in the fame manner. 

The common centre lathe is a very imperfed machine, 
when worked in this manner ; yet its fimplicity is a great 
recommendation, efpecially among country workmen, who 
ufe it to make various forts of common articles of houfehold 
furniture in foft wood, as flool and table legs, flair-cafe rails, 
&c. 

In centre lathes, the work is fometimes put in motion by 
means of a large wheel, turned by one or more labourers ; the 
wheel (hould be heavy, that its momentum may be fufficient to 
overcome any moderate obftacle in the work ; and the frame 
in which it is mounted muft be of fufficient weight to ftand 
fteady, and not be liable to move, by the exertions of the 
man turning it. An endlefs line is ufed, to communicate the 
motion of the wheel to the work ; it paffes round a groove 
in the circumference of the wheel, and after eroding, like a 
figure of 8, goes round a fmall pulley, fixed upon the work. 
By this means, when the great wheel is turned, it gives a 
rapid rotatory motion to the matter to be turned, and with 
a much greater power than can be obtained from the treadle, 
with the additional advantage of the work turning alwavs 

the 
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the fame way round, fo that the turner has no need to take 
his tool off the work. 

The centre lathe will turn any kind of work which will 
admit of being fupported at both ends ; and it is ufed by 
mill-wrights and iron -founders, for turning mill-fhafts, axles, 
rollers, and other iron-work. For fuch purpofes, the 
lathe muft be made exceedingly ftrong, and with nuts and 
fcrews to faften the puppets down upon the bed, inftead of 
wedges ; the reft muft be made in iron, with the requifite 
adjustments for placing it clofe to the work, at that part 
where it is required to be turned. To put the work in mo- 
tion, the centre pin or point in one of the puppets is made to 
projeA confiderably, and has a pulley fitted upon it, fo that 
it can turn freely round upon the pin by means of an endlefs 
band or ftrap, which communicates the motion from a great 
wheel. In thefe large lathes for iron-work, the wheel is com- 
monly turned by horfes, or by a water-mill or fleam-engine. 
From the pulley a pin projefls in a dire&ion parallel to the 
centre pin, and a piece of iron, called a driver, is fere wed 
or clamped faft upon the end of the piece of work, fo as to 
projc6l from it fufficicntly to be intercepted by the pin 
which is faftened into the pulley : by this means, the motion 
of the pulley is communicated to the work. The tools em- 
ployed for turning iron and other metals are different from 
thofe ufed for wood, as we (hall afterwards deferibe. 

The fpindle or mandrel lathe will turn hollow or internal 
work, and is equally well adapted to turn centre work as 
the centre lathe. In Plate Turning, Jig. j, we have given 
a reprefentation of one of thefe, which is on a very good 
conftru&ion, made by MefTrs. Holtzapfel and Deycrlien : it 
is put in motion by the foot, fo that the turner has both his 
hands at liberty to direct the tools. A A are upright legs, 
to fupport the bed B, which confills of two pieces or 
bars of caft-iron, put together, and leaving a fmall crack 
between them: C D is a call -iron frame, which is faftened 
down upon the bed B, and fupports the fpindle or mandrel 
ah: E is the back puppet, which is ufed to fupport one end 
of a piece of work, as is fliewn in the figure at G, when the 
other end is fixed to the end of the mandrel, and turned 
round by it : the back puppet, E, has a cylindrical pin ac- 
curately fitted into it at the upper part, and the end of the 
pin is formed to a fharp conical point, proper to penetrate 
and fupport the end of the work : this point is called the 
hack centre . A ferew e is tapped into the puppet, fo as to 
prefs on the oppofite end of the pin, and force it towards 
the work ; and there is likewife a clamp ferew, E, at the top, 
to bind or faften the pin into its focket. The back puppet 
is faftened down upon the bed, by means of a tenon en- 
tering into the groove, through the bed B, and a ferew 
defeends from the tenon quite through the bed, and pro- 
jects beneath it: upon this ferew a nut^ is tapped, and by 
turning it, the fhoulder of the puppet E is drawn down 
firmly upon the bed; but when the nut is loofened, the 
puppet can be Aided along the bed to place it at any re- 
quired diftance from the end of the fpindle, according to 
tne length of the piece of work G. It is necefTary that 
the point of the back centre fhould in all cafes be precisely 
in the centre line of the axis of motion of the fpindle a h ; 
and for this purpofe, the bed muft be made very ftraight, and 
fiat on the upper furface; the groove through it fhould alfo 
be perfe&ly ftraight and parallel, and the tenon at the lower 
end of the back puppet muft be exa&ly fitted to the 
groove : the frame of the mandrel muft be fo fixed on the 
bed, that the centre line of the mandrel will be exadtly 
parallel to the bed, and to the groove in the bed. 

Mandrels are mounted in (Efferent ways, but they are 
always made of fteel at the parts where they are fupported 
Vol. XXXVI. 
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in the collarB, which collars fhould be alfo made of fteel, 
and hardened, fo as to have little fri&ion. The neck of a 
mandrel muft be very accurately fitted into the collar, fo as 
to have no (hake or loofenefs, at the fame time that it can 
turn round quite freely. 

The neck at one end proje&s beyond the collar, and the 
projecting part is formed to a ferew, for the purpofe of fix- 
ing the work to it. A variety of pieces, called chucks , are 
fitted upon this ferew, and each chuck is adapted to hold a 
different piece of work : the chucks ferew up againft a 
fhoulder on the end of the mandrel, and by the motion of 
turning round in the direction in which the lathe works, the 
chuck fcrews itfelf faft on againft the fhoulder; but if the 
lathe ie flopped, and the chuck is turned in the oppofite 
dire6lion, it will unferew and come off, and a different chuck 
may be put on. In fome lathes, the neck of the mandrel is 
perforated, and cut withinfide, with a female ferew adapted 
to receive a male ferew on the chuck : the effect is juft the 
fame as the above deferibed. The oppofite end of the 
mandrel to that on which the chucks are ferewed, muft be 
fupported either by a point or in a collar. In general, the 
mandrel is made with a point at one end ; and the other end, 
which has the ferew to fix the work to it, is formed with a 
neck, proper to run in the collar, and with a fhoulder on the 
neck, to flop the neck from going through the collar. The 
mandrel reprefented in the drawing has a neck and collar at 
each end, for a purpofe which will be explained. When the 
mandrel is made with a pointed end, the point muft be re- 
ceived in the end of a ferew tapped through the part D of 
the frame of the mandrel, juft in the place of the end a 
of the mandrel. By turning this ferew, the mandrel can 
be adjufted to run very corre&ly in length ; and to pre- 
vent the ferew from turning back when the lathe is in 
motion, a nut is placed on the ferew, beyond the part 
d : this caufcs fuch a preflure upon the threads of the 
ferew, that it is in no danger of turning back, as it would 
other wife do with rough work. The mandrel, by this 
means, runs very flcadily and accurately in its hearings, and 
it is plain that any piece of work, which is firmly attached to 
the end of it by means of the ferew before mentioned, may 
be turned by a tool held over the reft, in the fame manner as 
if it were mounted between centres, but with the advantage 
that it be turned at the end, to make hollow work when 
required. 

The mandrel is turned round by a band of catgut paffing 
round the pulley h, and alfo round the large foot-wheel H, 
which is made of call -iron, and fixed on the end of the axis 
I. This axis is bent in the middle, as in the figure, to form a 
crank, which crank is united, by an iron link K, to the trea- 
dle L, ou which the workman prefles his foot. This trea- 
dle is affixed by three rails to an axis M, on which the treadle 
moves. The wheel H is of confiderable weight in the rim, 
and being fixed faft on the axis I, turns round with it : the 
momentum acquired by the wheel is the power that conti- 
nues to turn the work while the crank and treadle are rifing, 
and confequently while the workman exerts no power upon 
them. 

When the crank has palled the vertical pofition, and be- 
gins to defeend, the workman preffes his foot upon the treadle, 
to give the wheel a fufficient impetus to continue its motion 
until it arrives at the fame pofition again. The length of the 
iron link K, which conne&s the crank with the treadle, muft 
be fuch, that when the crank is at the loweft pofition, the 
board L of the treadle, to which the link is hooked, fhould 
hang about two or three inches from the floor. To put 
the lathe in motion, the turner gives the wheel a fmall 
turn with his hands, till the crank rife to the higheft, and 
3 L paffea 
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paffes a little beyond it ; then by a quick tread he brings 
the crank down again, putting the wheel in motion with a 
velocity that will carry it feveral revolutions : he muft ob- 
ferve to begin his next tread juft when the crank paffes the 
higheft point, and then it will continue running the fame 
way with a tolerable regular motion, if he is punctual in the 
periods of his treads. The foot-wheel, by means of the 
band, caufes the mandrel to revolve very rapidly, fo that it 
will perform its work very quick, and the workman muft 
acquire a habit of ftanding fteady before his work, that he 
may not give his whole body a motion when his foot rifes 
and falls with the treadle. 

The reft N of this lathe is fixed on the bed of the lathe 
by ks foot, which is divided in the manner of a fork, to re- 
ceive a fcrew-bolt : this bolt paffes down through the lathe- 
bed, and fattens the reft at any place along the bed, by 
a nut k beneath. The groove in the foot % is for the 
purpofe of allowing the reft to be moved to and from 
the centre of the work, to adjuft it to the diameter of the 
work which is turning. The height of the reft is a mat- 
ter of fome importance in turning, and in fomc work it 
fhould be fixed higher than others ; therefore the piece upon 
which the tool is laid, is made with a (hank of the form of 
the letter T. This (hank is a round pin, and is received 
into a focket in the foot of the reft, and can be held at any 
height by a clamp-fcrew. As the focket and (hank are 
cylindrical, the edge of the T of the reft can be placed 
inclined to the axis of the work when turning cones, or 
other fimilar work, though the fame purpofe may be accom- 
pliftied by the ferew, which holds the foot of the reft down 
to the bed of the lathe, admitting the fork to ftand in an 
oblique direction acrofs the bed. 

The wood-turner employs gouges of all fizes, and chiflels 
of different forms : the gouges are ufed in the fir ft inftancc 
to rough out and form the wood, as they cut very rapidly, 
bccaufe they cau take a very ftrong chip, and the angles will 
not {tick in, as would be the cafe with the chiflels. The 
latter are ufed to fmooth the work, and to reduce it exa&ly 
to fnape and fizc. 

The blade of the turning-gouge formed nearly half 
round to an edge, and the two extreme ends of this edge 
are a little (loped ofT, in the manner of an apple-fcoop, that 
the middle part of the edge may cut away the prominences 
of the work ; and it has no corners, which would catch and 
get faft in the rough wood. The hollow part is whetted 
upon a piece of Turkey-ftone, made with a convex edge, 
for the purpofe ; the outfide is whetted upon a common flat 
Turkey-ftone, taking care to turn the gouge round, that all 
parts of the convex edge may fuccelfively be (harpened. In 
turning, the blade of the gouge muft be held confiderably in- 
clined, by deprefling the handle (fee Jig. 42. ), fo that the bevil, 
or outfide of the edge of the gouge, may come very nearly in 
the tangent to the circumference of the work, and the cutting 
edge be above the level of the centre. The turner holds the 
tool down firmly upon the reft, keeping it fteady, by placing 
the long handle under his arm. 

The turner’s chiflels are moftly ground with a bevil 
ot» both the flat Tides, fo that either fide may be indif- 
ferently applied to the work : they are ground up and 
(harpened on the oil-ftone to a keen edge. In fome chif- 
fclg, the line of the edge is inclined to the direction of the 
blade, inftead of being perpendicularly acrofs it, as in the 
chiflels ufed by carpenters ; in others, the edge is rounded 
to a fcmicircle, inftead of being a ftraight line ; and others 
are made, with angular points, like fpears. It is diffi- 
cult to deferibe the proper ufc of each particular tool, as 
the turner muft employ one cr other, according to the 
10 
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particular part ©f the work which is to be executed. Jrt 
ufing the chiflel, the reft is raifed confiderably above the 
centre of the work, fo as to be nearly on a level with the top 
of it ( fee Jig. 41. ), and the line of the cutting edge muft ftand 
oblique to the axis of the cylinder, fo as to prevent either 
angle of the chiflel from running into the work. It i*j 
neceflary to traverfe the chiflel gradually along the work, 
but not too faft, otherwife it will leave a roughnefs on the 
furface. 

The turning-tools fhould be fixed in long handles, and the 
turner holds them firmly down upon the reft, fteadying them 
by placing the end of the handle under his arm. 

The turner fhould be provided with a grindftone, and an 
oil or Turkey-ftone to fharpen his tools; and he muft have 
callipers and gauges to afeertain the dimenfions of his work . 
In order to fix the work in the lathe, he muft have a great 
aflortment of chucks. The chucks for wood-turning are 
blocks of wood, each having a ferew/ by which it can 
be attached to the mandrel. The end of the chuck being 
turned true, and the (boulder of the ferew upon the man- 
drel being alfo turned true, the chuck fixes fo tight to the 
fpindle, that it becomes as it were one piece with it. Moil of 
the wood chucks are bored out like a box, and the work is 
jambed into the cavity. There are other chucks, which are 
only flat round boards, and the work is cemented or ferewed 
againfl them ; but the generality of chucks are cylindrical 
blocks, with a cylindrical or conical hole turned in the end, 
like a box, into which the piece of wood to be turned is 
driven faft, fo as to be turned round with the mandrel. The 
chucks are generally hooped with iron, to prevent them from 
fplitting. When centre-work is to be turned in a mandrel 
lathe, a chuck muft be ferewed on the end of the mandrel, 
which terminates in a (harp conical point. 

The lathe fhould be fixed in a place very well lighted ; 
it fhould be immoveable, and neither too high nor too 
low. 

The puppets fhould neither be fo low as to oblige the 
workman to ftoop in order to fee his work properly, nor fo 
high, that the little chips, which he is continually cutting off, 
fhould come into his eyes. 

The piece of wood to be turned fhould be rounded, before 
it is put in the lathe, either with a fmall hatchet made for 
the purpofe, or with a plane or rafp, fixing it in a vice, 
and (having it down till it is every where almoft of an equal 
thicknefs, leaving it a little bigger than it is intended to 
be when finifhed off. Before putting it in the lathe, it is 
alfo neceflary to find the true centres of its two endfurfaces, 
fo that they (hall be exa£lly oppofite to each other, in order 
that, when the centre points of the puppets are applied to 
them, and the piece is put in motion, no one fide may project 
out more from the centre line than another. To find thefe 
two centres, lay the piece of wood to be turned upon a 
plank, open a pair of compafles to almoft half the thicknefs 
of the piece, lay one of the legs on the plank, and let the 
point of the other mark on one of the ends of the piece 
when laid flat on the plane with the plank, like a roller, from 
which plank the point of the compaffes (lands up at a given 
height above the plane on which the piece lies. Deicribe 
four marks or arcs on that end at equal diftances from each 
other round the circumference of the end, by laying the 
piece fuccefiively on four different (ides, which arcs inter- 
fering one another, the point within the interfe&ions wi'l 
be the centre of the end. In the fame manner, the centre of 
the other end muft be found. 

After finding the two centres, make a fmall hole at each 
of them, into which infert the centre points of the back 
centre and the mandrel, and ferew up the back centre, to fix 
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the piece fo firmly as not to be ftiaken out, and yet loofe 
enough to turn round without difficulty. 

This is the manner of fixing the work when it is to be 
turned between centres ; but if it is required to be hollowed 
out, the back puppet is removed, and the work muft be 
fixed in a chuck at the extremity of the mandrel. For this 
purpofe, a chuck is fele&ed which has a hole in it nearly 
the fize of the piece of wood, the diameter of which being 
taken in the callipers {jig* 35. ), the chuck is ferewed to the 
mandrel : the reft is fixed in a convenient pofition, and the hole 
in the chuck turned out by a proper tool to the fize meafured 
by the callipers : the hole (hould be rather conical, and the 
wood, being rafped to the fame figure, is dri\en in faft by a 
hammer. By turning the mandrel (lowly round, it will be 
feen if the wood is fixed ftraight in a line with the mandrel, 
and if not, a blow or two of the hammer, properly dire&ed, 
will re&ify it. 

If the piece of wood is not very long, the chuck will be 
fufficient to hold it firm whilft it is turned ; but if it is not, 
then a fmall centre hole muft be made in the extreme end, 
and into this the point of the back centre ferew muft be in- 
serted to fteady the work, until the rough part of the turning 
is done, and then it may be removed ; but it is much more 
convenient to turn without the back centre, and therefore the 
turner fits the chuck to the wood with care, fo that it will 
fix faft in the chuck. 

The work being thus chucked, or fixed in the lathe, the 
reft is fet, fo that its edge is clofe to that part of the work 
which is required to be turned, and the top of the reft being 
railed confiderably above the level of the centre of the work, 
it is there ferewed faft. 

The turner now puts the lathe in motion by treading with 
his foot, and takes a gouge, of a proper fize, in his right- 
hand, and holds it by the handle a little inclined, keeping 
the back of the hand lowermoft : he grafps the blade of the 
tool with his left-hand, the back of which is to be turned 
upwards, and he holds it as near the end as poflible on the 
front fide of the reft ; then leaning the gouge on the reft, 
he is to prefent the edge of it a little higher than the hori- 
zontal diameter of the piece, fo as to form a kind of tangent 
to its circumference : lee Jig . 42. This is the bell pofition for 
cutting, and the tool muft be held very firmly, to prevent the 
edge being depreffedby the motion of the work, for if it does, 
it will take hold too deep, and tear the work. The gouge is 
applied firft to one end of the work, and gradually advanced 
to the other, turning the work true all the way, and re- 
ducing it till the callipers ( jig. 36. ) determine it to be near 
the intended diameter. 

The chiflel is next employed to fmooth the cylinder : its 
handle is held in the right-hand, whilft the left grafps the 
blade, and keeps it fteady upon the reft, holding the edge a 
little inclined over the work, as in jig . 41 ; fo that one fide of 
the flat part of the blade lies on the reft, and the other fide is 
elevated, that the plane of the blade, and confequently the line 
of the edge, is not horizontal, but inclined thereto, fo that 
one corner of the edge of the chiflel is elevated above 
the work : then the bottom of the edge of the chiflel, 
or near the bottom, cuts away a (having from the work, and 
this is the only way in which it will cut ; for if the edge of 
the chiflel is held parallel to the axis of the cylinder, it adts 
parallel to the length of the grain of the wood, feraping away 
the fibres, one by one, without cutting, and leaves a very 
rough furface. In the fame manner, the narrow chiflels, 
formers, and other inftruments, are to be ufed according to 
the work which is to be done, taking care that the wood 
be cut equally, and that the inftrument be not puffied fud- 
denly forwards, or fometimes more ftrongly than at others 5 
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and taking care alfo that the inftrument does not follow the 
work, but that it be kept firm on the reft, without yielding. 
The gouge and chiflel are the inftruments by far the molt 
frequently ufed, and the moll neceffary in this art. Soft 
woods are almoft entirely turned by them. 

To make the end of the work exadtiy flat, the thin fide 
of the chiflel is laid upon the reft, fo that the plane of tlie 
edge may ftand exaftly upright. The hand is depreffed, 
that the lower corner of the edge may rife againft the work, 
and cut a deep circle into it, near the end, and being 
fteadily advanced, cut to the centre, feparaling a thin 
round chip, and leaving the end quite flat. The cutting 
corner of the chiflel muft be directed exadtly perpendicular 
to the length of the work, in advancing it, otherwife 
the end will be either concave or convex, and care muft be 
taken to keep the plane of the edge truly upright, and 
hold it very firm, for there is danger of the work drawing 
the chiflel into the end of it, with a deep fpiral cut, like a 
ferew, and tearing the work out of the chuck. 

A cylinder of wood being formed by the procefs we have 
juft delcribed, if it is required to turn it hollow withinfide, 
the reft is fixed oppofite the end of it, with the edge of the 
reft perpendicular to the length : then a (harp-pointed 
tool is ufed, to bore fuch a hollow in the end as will 
form the required cavity, ufing the infide callipers (jig* 35. ) 
to determine the fize of it. The fide-tool, which is made 
with a cutting edge on the fide, like a knife, may be ufed, if 
it is required to make the bottom of the cavity fquare; or 
a hooked tool, with the cutting edge at the end of the hook, 
may be employed to enlarge the infide to the proper fize : 
the gauge (jig. 34.) is ufed to determine the depth to which 
it is to be turned. 

This is the procefs for turning foft woods, which are 
generally of a fibrous texture : but hard woods, ivory, and 
bone, are turned with different iooIs. The points or 
cutting edges of fome fuch tools are represented in Jigs* 23. 
and 24; they are bevelled only on one fide, and the angle of 
the edges is oblufe. The round-pointed tool, and the 
fharp angular-pointed tool, are thofe employed for firlt 
roughing out the work, and by them a number of con- 
tiguous grooves are cut in the wood, until its grain is broken 
and divided, and the inegularities reduced; then an edged 
tool can remove the remaindei : but as the edged tools will 
only cut or ferape off thin (havings, they aie not ufed when 
the work is to be reduced to fize, but only to finifh it. 
The maimer of applying the tools to the work is (hewn in 
Jig * 39. and is nearly the fame as for turning brafs, or other 
foft metal : the upper furface of the tool is directed to the 
centre of the work, the intention being to ferape away 
fhavings in hard wood, and in foft to cut chips, as at 
jigs* 41. and 42. The graver (jig. 40.) is a very ufeful tool 
for hard wood : the manner of ufing it, as well as other took, 
will be deferibed when wc come to fpeak of turning in 
metal. 

After the work is completely turned, it is next to be po- 
liftied, and this cannot be done with the inftruments hitherto 
mentioned. Soft woods, as pear-tree, hazel, maple, 8 c c. ought 
to be polifhed with fhark-fkin, or Dutch ruflies. There are 
different fpecies of (harks, fome of which have a greyifh, 
others a reddifti (kin. Shark’s (kin is always better when 
it has been ufed ; at firft, it is too rough for fine polifhing. 

The Dutch rufti is the equifetum hyemale; it grows m 
moift places, among mountains, and is a native of Scotland. 
The oldeft plants are the beft. Before ufing them, they 
(hould be moiftened a little, otherwife they break in pieces 
almoft directly, and render it exceedingly difficult to polhh 
with them : tney are particulaily proper for fmoothing the 
3 L 2 hard 
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hard woods, as box, lignum vitae, ebony, kc. After having 
polifhed the piece well by fuch means, it (hould be rubbed 
gently either with wax or olive-oil, then wiped clean, and 
rubbed with its own turnings or (havings, or with a cloth 
a little warm* Ivory or horn is polifhed with pumice-ftone or 
chalk, finely pounded and put upon leather, or a linen cloth a 
little moiftened with this : the piece is rubbed as it turns round 
in the lathe ; and to prevent any dirt from adhering to any 

a of it, every now and then it is rubbed gently with a 
brufh dipt in water. To polifh metals very finely, the 
workmen make ufe of a particular kind of earth called tri- 
poli, and afterwards of putty, or calx of tin. Iron and 
fteel are polifhed with very fine powder of emery ; this is 
mixed with oil, and put between two pieces of tin or 
pewter, and then the iron is rubbed with it. Tin and filver 
are polifhed with a burniflier, and that kind of red Hone 
called blood-llone. Iron and fteel may alfo be polifhed 
with putty, putting it dry into fhamoy-lkin. 

Ail kinds of articles in wood are turned in the above 
manner ; but many contrivances are neceffary to mount dif- 
ferent things in the lathe. 

The fmall figures in the plate reprefent various chucks, 
which are occasionally employed, ana which arc adapted for 
turning different kinds of work. 

Figs . 2* and 3. exhibit a fmall wood chuck, which is adapted 
to be ferewed to the mandrel at a t a hole being perforated in 
the centre of it, at b 9 into which a fmall piece of wood or 
ivory is to be inferted, in order to turn it. To hold the work 
faft m this chuck, it is divided at the end b by two faw-kerfs, 
at right angles to each other, as {hewn in Jig. 3. fo as to fepa- 
rate the end into four fegments, which admit of expanding 
or clofing : a hoop or ferril is fitted on the outfide of the 
chuck, which part is made tapering, fo that forcing the ferril 
farther on, will clofe the four fegments together, and bind 
fad upon the work, which is introduced into the cavity b . 
This is a very convenient chuck for holding fmall pieces of 
ivonr, and particularly for the purpofe of poli filing. 

Figs . 12. and 13. exhibit a fimilar chuck, made in brafs, 
for more delicate work ; it is only divided into two fegments. 

Fig. 4. is a brafs box, to ferew to the mandrel, and hold a 
wood chuck, fuch as we have before explained. Wood 
chucks are ufually made to ferew on the mandrel by means 
of a hole in the chuck, which is cut with a female ferew 
within. The obje&ion to this mode is, that the threads of the 
ferew on the wood wear away by conftant ufe. In Jig . 4. a 
brafs female ferew, <a, is cut to fit the ferew of the mandrel, 
and at the other end, b , is a box, alfo cut with a ferew within - 
fide, into which the wood block or chuck is ferewed, as fiiewn 
by the dotted lines, fo as not to come out without great 
force : by this means, the fitting of the chucks to the man- 
drel is not with a wooden ferew, as in general, but with a brafs 
one, which will not be liable to get out of the truth, but 
will always ferew up to the fame fhoulder. The lathe fiiould 
have at leaft two aozen of thefe wood chucks, with cavi- 
ties of different fizes, and fome of them hooped with iron at 
the outer end, to prevent them fplitting. The brafs box is 
a great fecurity againft fplitting. 

Fig . 5. is a very ufeful arbor for turning wheels, collets, 
or any other flat piece of work that will admit of having a 
fmall hole in the centre of it. A brafs fcrew-chuck, a , is 
fitted to the mandrel, and a fteel pin, by is fixed into it, and 
proje&s an inch or more : the pin is turned true, and the work 
is totted faft upon it, either by turning the pin to the fize, or 
by broaching the hole in the work: and to prevent the work 
from flipping round upon the pin, it is pinched faft up 
againft the fiat furface of the chuck, as fhewn by the dotted 
lines, by a nut i % which iB ferewed on the end of the fteel 
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pin bi by this means, the work will be held faft, and will be 
carried round by the chuck, fo as to be turned by the ap- 
plication of proper tools upon the reft. Thefe kinds of 
arbors fhould be of all fizes, to fit the holes in different 
wheels, &c. 

Fig. 10. is a brafs chuck, which is very ufeful for holding 
fmall pieces of brafs work ; it ferews to the mandrel at the 
end a : the hollow part, b b f has fix ferews tapped through 
it, and pointing to the centre, as fhewn in Jig . n. By 
ferewing in thefe ferews, their points will pinch upon any 
piece of work which is put into the chuck, as fhewn at a, 
and will hold it firm. The ferews being regulated, admit 
of adjufting the work d to a true centre with the line of 
the mandrel. 

Figs. 16. and 17. are views of chucks having fimilar proper- 
ties to the preceding : a (Jig. 1 6. ) is the end which is ferewed 
to the mandrel ; b b is a circle of brafs, having a mortife or 
opening acrofs the centre of it, as in Jig. 1 7 ; into this open- 
ing two fteel dies are fitted, and ferews d , d y are placed be- 
hind them, to approach them together: the ferews come 
through the outfide of the chuck, and have fquare heads, 
which are to be turned by means of a key. The adjacent 
furfaces of the two dies are hollowed, fo that they will em- 
brace a piece of wire or other fimilar fubftance which is put 
between them, and the dies may be cut like a file, to hold it 
faft. By means of the two oppofite ferews dy d , the work 
may be adjufted to the centre line of the mandrel. 

Figs. 20. and 21. are a table-chuck, proper for holding 
wheels or flat plates by the circumference, whilft the centre 
parts are turned 2 a is the ferew to fix it to the mandrel : b by 
a large circular plate, turned perfectly flat on the front 
furface. In this plate are grooves, pointing from the centre 
to the circumference, as {hewn in jig. 21 : the grooves are 
adapted to receive clamp-pieccs, d , d, d f by means of 
which the wheel or other work is bound faft againft the flat 
furface of the chuck. The grooves admit the clamps d> d , d , 
to be placed at any diftance from the centre, according to 
the fize of the work, and to place them at thofe parts where 
it will be molt convenient to apply them. 

The form of thefe clamps is fhewn more particularly in 
Jig . 22 : f are Aiders of metal, which are fitted to the 
grooves in the chuck ; and the grooves are dove-tailed, fo 
that thefe Aiders can be put into the grooves at the back of 
the chuck, but will not draw through the grooves into the 
front. Screws are tapped into the Aiders, and draw the 
clamp9, hy agjainft the face of the chuck, and hold faft the 
work, which is placed beneath their claws. The clamps, hy 
have (hanks projecting from them at right angles, which 
pafs through the grooves, and keep the clamp from turning 
round to one fide. 

Figs. 35. and 36. reprefent the callipers ufed by turners 
to take the meafure of their work : they are made of two 
curved pieces of fteel-plate, united together by a joint. 
When they are opened, as in Jig. 36, the dimenfions of a 
round piece of work may be conveniently taken between 
their points, as Aiewn by the dotted circle ; but if the 
points are clofed together, as in Jig. 35, fo that they pafs 
each other, then the callipers are adapted for meafuring the 
diameter of internal cavities, by the diftances of their points 
from each other. 

Several other kinds of callipers are ufed by turners, but 
thefe are the mod convenient, as they ferve equally well for 
infide and outfide dimenfions. Some callipers are made 
double, like a pair of feiffars ; and the points at one end are 
for infide measures, whilft the others are for outfide mea- 
fures; and the diftances of all the points from the joint 
being exactly the fame, the infide meafure of any hollow 
1 1 being 
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being taken by one end of the callipers, the oppofite end will 
be readily opened to the requifite dimenfions tor a folid to fill 
fuch hollow. 

Fig, 34. is a gauge for meafuring the depth of hollow 
work. A id a ruler, through which is a focket to receive 
another ruler B ; and a clamp -fere w is fitted through the 
fide of the focket, to hold the ruler, B, fall in the locket. 
The edge of the ruler, A, is applied to the end of the 
work, and the other ruler is then Aided through its focket, 
until the end of B touches the bottom of the cavity ; and in 
this Hate, the clamp-fcrew being fattened, the gauge may 
be applied to the piece of work in the lathe, to afeertain if 
the cavity is turned out to the required depth. 

Fig, 6 , is a chuck for turning wood when it is a long 
piece, which will admit of being fupported at both ends, or 
between centres, as it is called. The chuck has a ferew 
within the part a 9 to fix to the mandrel, and the other end 
is of fteel, with a pin b in the centre 9 and on each fide of 
the pin is a (harp edge r, like a duffel, the line of the edge 
pointing to the centre of the pin. When a piece of wood 
is mounted between the points of this centre pin and of the 
back centre, as we have before deferibed, if the back centre 
ferew is turned, it will force the piece of work againft the 
mandrel and the pin b 9 and the edges c will penetrate into the 
oppofite end of the wood ; in this cafe, the motion of the 
mandrel and chuck a will be communicated to the wood, to 
turn it round. The centre pin b is made to projed beyond 
the edges r, and by this means the work may be removed 
from tne lathe, and put in again if required, becaufe the 
centre pin will enter again into the fame hole in the end of 
the work, and reftore the work to its original pofition. 

Fig, 7. is a chuck for the fame purpofe, but it is made 
with a flat circle of brafs, and three pins, c , are fixed in it 
inftead of the edges c 9 c . This kind of chuck is fliewn in ufe 
in Jig, 1, to turn a pillar for a baluftrade. 

When a piece of metal work is to be turned between 
centres, the edges or points of the latt chucks cannot be 
made to penetrate the end of the piece, and therefore a 
fmall chuck, b, (Jigs, 14. and 15.) isferewed to the mandrel : 
in the end of this chuck, at b , is a hole, which is made fquare 
withinfidc, and the work has a fquare filed at one end to fit the 
hole. The other end of the work is fupported by the back 
centre, a fmall hole being made in the end to receive it3 
point ; or if the end of the work is (harp-pointed, the 
back centre pin is drawn out of its focket, and turned end 
for end : the end of the pin oppofite to the point has a 
fmall centre hole for the reception of fuch pointed work. 
Iron and fteel work may be turned very conveniently by 
means of a fquare, but not very accurately ; and after the 
work has been taken out of the lathe, and the fquare cut off, 
if it be required to turn the work again in the lathe, it is 
very difficult to find the true centre. 

All works requiring great accuracy, as arbors, ferews, 
axles, fpindles, &c. are turned between centre points, thus : 
a chuck (Jig, 8. ) is ferewed to the mandrel by the ferew in 
the part a 9 a fteel centre point b being formed at the end of it. 
The point is turned very truly, to be exa&ly in the centre 
line of the mandrel. The work is mounted between this 
point and the point of the back centre ; and to communicate 
the motion of the mandrel to the work, a driver ( Jig, 9. ) is 
ferewed fall on that end of the work neareft the chuck. 
The driver is an iron ring, with a ferew d tapped through 
one fide of it, to pinch the work fo faft as to prevent the 
driver flipping round upon the work ; and on the fide oppo- 
fite to the ring is a projecting tail f. 

The chuck ( Jig* 8. ) has a fteel claw k e fitted through it, 
and fattened by a ferew : the end of the claw is bent at e paral- 
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lei to the direction of the mandrel, fo that the end of it will 
catch the tail f of the driver, and turn it round, together with 
the work on which the driver is fixed. 

The item i of the claw Aides in and out of the focket, 
through the chuck, in order to remove the claw e to a 
greater or lefs diftance from the centre point b y and adapt 
the chuck to operate upon different fized drivers, for deli- 
cate or large work. This is the moil accurate method of 
turning iron work in a mandrel lathe, becaufe the centre 
points at the ends of the piece are preferved. When one 
end of the work is finifhed, the driver may be fhifted to the 
other end. Such work may at any time be mounted again 
upon its original centre points, in any kind of lathe, to turn 
wheels, collets, &c. which may be fitted upon it. 

The form of the driver 19 (hewn in jig, 30. In order to 
make it fit different fizes, the fide of the ring oppofite to 
the ferew d is made angular, and the point of the ferew 
forces the work into the angular part. 

This driver may be fixed on either end of the work, 
whilil the other end is turning ; but when it is neceffary to 
fix the driver on that part of the work which is finifhed, the 
end of the ferew d is apt to pinch and bruife it ; it is there- 
fore proper to interpofe a piece of iron between the point 
of the ferew and the work. But it is better to ufe the driver 
fliewn in Jig. 3 1 : it is compofed of two bars of iron, united 
by two ferews paffing through one bar and tapped into the 
other : both bars are fomewhat hollowed out in the middle, 
that they may cncompafs the work. If this fliould be found 
to injure the work, a piece of (heet-lead wrapped round it 
before the driver is put on will prevent it from damaging 
the work ; and if the ferew s of the driver are drawn very 
tight, it will carry the work about with fufficient force to 
bear turning. 

When a piece of iron or fteel work is to be turned, the 
centre points at the ends inuft be found with great precifiou 
before it is turned, becaufe it is difficult to cut away great 
protuberances in metal. The centres are firft found by 
the compaffes, and marks are (lightly punched in the ends 
by a conical -pointed punch. The workman now places the 
work in the lathe, between the points of the mandrel and 
that of the back centre, but without fixing any driver on 
the work ; he then ferews up the centres, fo as to hold the 
work juft tight enough to prevent its falling down. In this 
Hate, by turning it round with one hand, while he holds a 
piece of chalk againft it with the other, he afeertains 
whether it is pitched nearly concentric on the points ; and if 
it varies much at any one point, he turns back the ferew to 
take out the work, and punches new centre points, or alters 
the old ones, taking care to move them nearer to that fide 
which appeared to projed fartheft in revolving, and was of 
courfe marked by the chalk. 

When he has, by repeated trials, found the true centre, 
he ferews up the centre point fo hard, that it may effec- 
tually mark the end of the work, by forcing the points to 
the bottom of the marks punched ; then talcing the work 
out of the lathe, he drills holes in the ends, at the places 
which the centre points have marked, and to fuch a depth, 
that the points of the lathe will not reach the bottom. 
When the work is again returned into the lathe, it will run 
very nearly concentric, and the driver being ferewed faft on 
either end of the work, as is moil convenient, the work will 
be turned round by the clutch projeding from the chuck. 

The work is now ready for turning, which is done by dif- 
ferent tools, and applied in a very different manner from 
the cliiffels and gouges for turning wood. Figs, 37. to 40* 
arc different examples of the manner of turning metals s a 
tool applied in the manner of Jig. 39. operates very well 

upon 
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upon brafs and bell-metal. The cutting edge (hould be 
ground nearly to the angle which is there reprefented, and 
the upper fide (hould be dire&ed nearly to the centre of the 
piece ; the edge will then fcrape away (havings from the 
metal. The tool has fome tendency to retreat backwards 
from the work, and muit be held firmly thereto. The edges 
of tools, applied as (hewn in jg. 39, may be formed to 
any of the (hapes (hewn in jigs. 23. and 24. the angle of 
the cutting edge being in all cafes nearly the fame. 

The graver {Jig* 40. ) is an extremely ufeful tool, and fit 
for turning any metal or hard wood : it is a fquare bar of fteel, 
cut off obliquely, and the greateft obliquity of the cutting 
plane is in the dire&ion from one angle of the fquare to the 
oppofite angle. This produces a prominent point on one of 
the angles, which point is applied to the work in the manner 
(hewn m jig. 40. and cuts off continuous (havings inftead of 
fcrapitigs : this is owing to the dire&ion of its edge, which 
is dlfpofed obliquely to the motion with which the work 
meets the edge in its rotation. The turner Ihould be pro- 
vided with gravers of all dimenfions. 

Fig . 37. is the aftion of what is called a heel tool for 
turning wrought iron or copper : the edge of this is applied 
nearly in a tangent to the work, on the fame principle as the 
chiffel is applied to cut wood. The heel of the tool is placed 
upon the reft, and being juft oppofite to the edge on which 
the preffure or drift of the work lies, the tool cannot 
efcape from its work, although the preffure upon it is very 
great, fo much fo, that it would be impoflible to keep the 
tool to its work, if it were held upon the reft, as in the cafe of 
the wood chiffel, merely by the lateral fri&ion on the reft. 
The handle of the heel tool is long, and is held inclined up- 
wards, fo that the workman can reft the end of it on his 
(houlder, whilft he holds it very firmly down on his (boulder 
and on the reft with both hands. This firm pofitioa is 
very neceffary, bccaufe the heel tool is liable to draw 
deep into the work, and take away too large a chip. 
This tool will cut away thicker chips than any other, being 
what the workmen term a greedy tool. The requifite height 
of the reft, to make the edge of the tool a tangent to the 
proper point, is a matter of importance, and requires the at- 
tention of* the workman, who can only learn the manage- 
ment of this tool by experience. It is not well adapted 
for finifhing work with accuracy, but is very expeditious in 
roughing out wrought iron : it generates fo much heat in 
wonting, that it is neceffary to keep it conftantly wet ; and 
in large lathes, a conftant ilream of water it, made to fall on 
the edge at the place where it is cutting. The graver and 
£.11 other tools work wrought iron and Heel to the greateft 
advantage when wetted. 

Fig . 39. is the tool ufed for turning call-iron ; this fub- 
(lance muft be feraped away, and it is plain from the figure, 
that the cutting edge is prefented very nearly in the fame 
manner, with refpeA to the work, as in jig. 39 ; but from the 
hardnefs of caft-iron, it requires a very confiderable force to 
prefs the edge againft the work, and it would be impra&i- 
cable to hold it up effe&ually on the plan of fig. 39 ; hence 
the tool in jig. 38. is bent at the end, and is lodged over the 
edge of the reft, in the manner of a lever ; the handle is preffed 
down at the extremity, and lifts up the edge againft the work 
with very great force. The workman muft bear on the han- 
dle of this tool with the requifite preffure ; and in large work, 
fuch as cannon and mill-ihafts, he ufually feats himlelf upon 
the end of the tool, which is made very long in the handle. 

Different fubftances require different velocities of motion 
to cut with the greateft advantage. Wood cun fcarcely be 
made to move too quick ; and it is always preferable to take 
a very thin chip, and move as quick as poffible, than to move 
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(lowly, and compenfate for the Lofs of time by cutting 
deep. Brain and bell-metal may be moved very quick, 
but not with half the velocity of wood. Wrought iron and 
copper muft be turned more (lowly, and the tool muft be 
kept wet. Steel (hould go rather (lower than wrought iron, 
for it is liable to have hard veins in it, which the workmen 
call pins : thefe will be cut through if the work moves 
(lowly, but with a quick motion they will deftroy the edge 
of the tool : this makes fome workmen think that the pins 
are a&ually formed, or that they become hard during the 
operation of turning, if too great a velocity is ufed. Caft- 
iron muft move very (lowly, indeed it can lcarcely turn too 
(lowly, and the tool applied as at Jig. 38. will cut a thick 
chip. 

To obtain thefe different degrees of velocity, the foot- 
wheel of the lathe jig. 1. is made with feveral grooves of dif- 
ferent diameters, and the mandrel pulley h has alfo different 
fizes. A band can be applied upon any of thefe grooves at 
pleafure, and the workman finds by experience what velo- 
city is beft for different kinds of work. 

The moft experienced workmen prefer a centre lathe to a 
mandrel lathe, when they have to turn accurate iron-work, 
which will admit of being poifed between centres; and it is 
obvious, that the revolving motion of the centre point at the 
end of the mandrel is of no ufe ; and if the point (hould be the 
lead out of the centre line, or if the mandrel has any (hake 
in its collar, the work would not be turned truly. But in 
a centre lathe, where both points are fixed immoveably, or, 
as the workmen fay, with dead centres, this cannot happen ; 
and if the work is ferewed up tight between the centres, fo 
that there is no (hake, the centre points at the ends of the 
work muft be precifely in the centre line of the work. 

The manner of giving motion to a piece of work in the 
centre lathe is, as we have before deferibed, by a loofe pulley 
fitted on the centre pin, and from this pulley a pin projects 
in a direction parallel to the centre line, fo that it comes 
exadtly in the place of the claw e { fig. 8. ), and turns the driver 
round when the pulley is put in motion by the band, cither 
from a foot-wheel or hand-wheel. 

When the mandrel lathe is ufed for centre work, the 
centre of the chuck muft be turned very exattly, fo that it 
does not vary in the lead from the fame pofition when it 
turns round ; and in all cafes, the mandrel muft be fitted with 
the moft Tcrupulous accuracy into its collar, fo that there 
will be no (hake ; for uniefs this is the cafe, the lathe will 
not turn chuck-work with any accuracy. 

Mcffrs. IioJtzapfel and Deyeriien make very excellent 
lathes on the plan reprefented in jig. 1. The bed and the 
puppets are made of caft-iron, and very corre&ly fitted, 
fuch lathes poffcfs great ftrength : fome of them are fitted 
up, as in the figure, with a pattern ferew at the end a of the 
mandrel, for the convenience of cutting ferews on work*. 
For this purpofc, the mandrel is fitted in a collar at each end, 
and the necks are cylindrical, fo as to admit of the mandrel 
moving endways at the fame time that it turns round. On 
the extreme end of the mandrel, be vond the collar D, a pattern 
ferew is fixed, wdiich has the diftance of its threads corrc- 
fponding with the ferew that is defired to be cut upon the 
work, which is fixed in the lathe by a chuck : a piece of 
brafs, n, is provided, which is cut with threads adapted to the 
pattern ferew, and which can, by turning a ferew, be drawn 
up againft the pattern ferew, fo as to work in its threads ; 
and in this (late the mandrel, at the fame time that it turns 
round, will move endways in its collars with a ferewing mo- 
tion ; and in consequence, a pointed tool being prefented to 
the work, and held faft on the reft, will cut a (piral groove or 
ferew upon its circumference. This contrivance is more 

fully 
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fully explained in the article Rose- .E ngine It is the mod 
convenient method of all others for cutting fcrews, and very 
accurate, if the pattern fcrews which are fixed on the man- 
drel are corre&ly cut. For all purpofes of wood turning, 
it is undoubtedly the beft method, and far preferable to 
the common one of cutting fcrews fiying, as it is called, 
that is, by means of the toms 32 and 33, which are applied 
to the work, and moved along endways at the fame time 
that the work turns round, fo that they cut a fpiral. ( See 
Ros&Enginc . ) The rapidity and accuracy with which fomc 
workmen cut fcrew 3 in this way exceed belief ; but it is 
only by long experience that this habit can be acquired, and 
for thofe who have not had fuch experience, fome mechanical 
help is neceflary. The objections made by accurate work- 
men to the flying or fcrew mandrel are, that as the necks 
muft be cylindrical, it cannot be kept fo perfedtly fitted in 
its collars as the common mandrels, which have a point at 
the extremity, and the neck at the other end is made Aightly 
conical, fo that it can always be fcrewed up to fit in the 
collar. Mefirs. Holtzapfels mandrels are made of har- 
dened fteel at the necks, and the collars are alfo hard ; 
they are accurately fitted, and have no {hake when new. 
From the hardnefs of the materials, they will wear a long 
time before they get any loofenefs. 

Mr. Maudflay has the mod complete fet of tools for all 
kinds of mechanical works at his manufa&ory, and is par- 
ticularly well provided with turning apparatus. All his 
lathes are made with triangular bars, fuch as is deferibed in 
our article Lathi:, and the mandrels are all formed with 
conical necks and collars. The bar lathes are very ac curate, 
particularly when the Aide-reft is applied to them, as there 
deferibed. The bed lathe may alfo have a {Tide -reft applied, 
as is (hewn under RosE-En^inf. 

If a piece of metal, after being properly turned, is to be 
bored hollow within, like a gun-barrel, the back puppet is 
to be removed from the bed of the lathe, and another fub- 
ftituted in its place, having a hole or collar through it, into 
which the neck or end of the iron is to be corre&ly fitted, 
the other end of the iron being fupported and turned round 
by being fitted into a chuck at the end of the mandrel, or 
elfe by means of the centre point at the end of the mandrel, 
and with a driver, as in figs. 8. and 9. The reft is to be fet op- 
pofite the end of the piece where it comes through the collar, 
and drills or borers are to be applied, fimilar to thofe ufed by 
lockfmiths in boring keys, beginning with a {mail one? and 
afterwards ufing larger ones, until the hole is made as wide 
and deep as neceflary. The borers muft be held very firm 
on the reft, otherwife there is danger of not boring the hole 
ftraight. The borer fhould be withdrawn from time to time, 
to oil it and clean the hole. As it is difficult to make a 
hole quite round or concentric with the outfide by means of 
borers alone, it is neceflary to have alfo a turning tool con- 
fiderably fmaller than the hole, one of the fides of which is 
{harp, very well tempered, and a little hollow in the middle. 
This inftrument being fixed in a long handle, is to be intro- 
duced into the hollow, and applied with fteadinefs to the 
inner furface of the hole, and it will entirely remove every 
inequality that may have been there before its application. 

The collar puppet is only reforted to, when the piece which 
is to be bored is of confiderabie length ; for if it is Aiort, it will 
be held fufficiently faft in the chuck, without the neceflity 
of fupporting the extreme end. 

A collar puppet is fometimes neceffary in turning centre 
work when the work is long, and fo (lender, that it bends or 
fprings by the ftrefs of the tools : the collar is then applied 
to fupport the work at the part where it is weakeft and 
bends moft. 
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Turning of elliptual or oval Work, Jfueb as PiSure frames % 
Snuff-boxes , &c . — This is performed in the fame lathe, and 
with the fame tools, as the circular work 5 but the lathe it 
provided with a chuck, which caufes the work to traverfe in 
a very curiou9 manner, by a motion given to it in a direction to 
and from the centre of the mandrel as it revolves j fo that a 
tool held up againft the work will cut an elliptical figure 
inftead of a circle. Elliptical work has a very Angular 
appearance when in motion; for after the work has been 
turned truly elliptical, every part of the circumference, ex- 
cept the exaft point where the tool was applied, appears to 
vibrato, or be excentric in a great degree, but that one point 
of the circumference runs perfe&ly true and regular, the fame 
as the whole circumference of a piece of circular work does. 
The mode of a&ion of this ingenious apparatus is rather diffi- 
cult to deferibe, and it is firft neceflary to underftand the prin- 
ciple of its a&ion. This is the fame as the trammel or elliptic 
compafles ; fee Jig. 29. An o& agonal or fquare board 
A A, B B, has two grooves cut in its furface, which inter- 
fe& each other at right angles ; this board is held down 
upon the furface where the ellipfe is to be deferibed, with 
the centre lines of the crofs grooves coincident with thi 
two diameters of the intended ellipfis, and of courie ihtir 
interfe&iuu will be its centre. The curve D D is traced be- 
yond the circumference of the board, by means of a pen or 
pencil, which is fixed at F, to a radical bar or beam F G H ; 
this bar carries two other points or pins, G and H, which 
are attached lo Aiders, inferted into the crofs grooves of the 
board, as (hewn in the figure : the Aiders are fitted in truly, 
fo that each of them will have a motion in its refpe6live 
grooves: thus the Aider of the pin H will move along A A ; 
and the Aider of G, along the groove B B. By turning 
about the beam F G H, the Aiders go backwards and for- 
wards in their crofs grooves with a fimultancous motion ; fo 
that when the beam has gone one-fourth way about, one of the 
Aiders will have moved from the circumference of the board 
A B, to the common centre of the crofs grooves; and when 
the beam has gone half round, the fame Aider will have pro- 
ceeded the whole length of the crofs, and arrived at the 
oppofite fide of the circumference. The fame applies to the 
other Aider, and when one Aider is at the centre, the other 
will always be at the circumference. 

The pins F and G H can be fixed at any part of the 
beam at pleafure, (though this is not fo reprefented in the 
drawing,) for the purpofe of fetting the trammel to draw any 
particular ellipfis : thus, place the beam in the direction of the 
line A A, then the pin G will be in the centre of the crofs 
grooves ; now fix F at fuch a diftance from the centre, as 
is equal to half the fmall diameter of the ellipfe, and fet H fo 
far di Ilanc from G, ai> the difference of the two diameters ; 
confequently, from F to H will be equal to half the longeft 
diameter. Now, in turning the beam round from the direc- 
tion A A, till it comes to the dirc&ion B B, the point G will 
depart from the centre along B B, and H will approach it 
along A A, till it gets to the centre. Then will the pencil 
F be fo much farther from the centre, as G is diftant from 
H, and the pin lias in its circuit traced one-fourth of an 
ellipfe. The beam being turned quite round, will complete 
the whole curve. 

This apparatus may be applied to turning by fome modifi- 
cation. Suppofe the two crofs grooves made in a round 
board, as large again as that reprelentcd in the figure ; then, 
if the whole apparatus be inverted, and the beam F G held 
faft in a vice, or otherwife, the board with the crofs may be 
traverfed round upon the fixed Aiders, in the fame manner as 
the beam could be traverfed round upon the fixed board. 
Suppofe a tracing point is held to the back of the board, 

exu&ly 
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exaAly oppofiteto the place where the tracing point F is fixed 
to the beam, and held faft ; it is evident that its point will trace 
the fame ellipfe on the back of the board, that was defcribed 
on the furface which the board lay upon in the former in- 
ftance : or a chiffel being held faft m the fame fpot, will cut 
the board elliptical when it is turned round ; and the chifTd 
being fucceflively applied at different points along the line 
of tbc beam, a feries of concentric ellipfes may be turned in 
the board, to make mouldings for piAure-framos or other 
ornaments. If the diflance of the two fixed pins G and 
H, anti the chiflel F, is altered, it will vary the proportion 
between the two diameters of the ellipfis, in the fame manner 
as before defcribed of the trammel. 

The oval chuck is conftruAed in a different manner from 
this, though it preferves the fame movements. It confifts of 
three parts, the chuck,, the Aider, and the excentric circle. 
The chuck eef [Jig. 27.) is attached to the mandrel by a 
fcrew-focket, cut m a piece f, which proje As from the centre 
of it behind ; and hence the chuck turns round with the 
mandrel with a circular motion. 

The ohuck has a dove-tailed groove, formed in it at the 
front fide, for the reception of a Aider g b , [Jig. 26.) which 
traverfes freely in the groove : the groove is formed, as the 
figure fhews, by pieces i, i, ferewed to the chuck on each 
fide. I11 the centre of the Aider, in front, is a ferew h ; fee 
alfo the plan,^f . 25. The ferew h projeAs from the Aider, and 
by means of it, a wooden chuck may be ferewed againft the 
Aider, and any work can be fixed in the chuck in the ufual 
manner. The work fo fixed, at the fame time that it turns 
round by the motion of the chuck, has a Aiding motion 
acrofs the centre, which motion being given according to a 
certain law, produces an elliptic motion. The Aiding mo- 
tion is given by the excentric circle {Jig . 28.) ; this is a ring 
of brafs, attached faft to the puppet of the lathe, clofe to the 
collar, in which the neck of the mandrel runs. The mandrel 
paffes through the aperture / ; the ring has a flat plate, m, 
to ftrengthen it, and forming two bends at the ends m, m, 
which bends have ferews tapped through them, and pointing 
exaAly to each other : thefe ferews are Aiarp at the points, 
and are inferted into fmall holes in each fide of the puppet, 
as is Aiewn in the plan Jig . 25. at C, the back of the 
plate m of the circle lying flat againft the front of the pupped 
C ; by this means the circle is fixed faft ; the two ferew* ' 
are horizontal, and both point to the centre of the mandrels ; 
therefore, by ferewing one ferew in, and the other out, the 
whole circle may be moved Tideways horizontally, fo as to 
give it any required degree of excentricity from the centre 
fine of the mandrel, and it will be held ftationary wherever 
it is placed. 

Fig. vj. is a back view of the chuck, and ftiews two 
grooves made through it in the direAion of the length of 
the Aider ; thefe admit the Aianks of two pieces of fted n, n, 
to pafs through the chuck, and they are firmly attached to 
the Aider g f by a ferew for each in front of the Aider, as 
Aiewn in Jg. 2 6. The two infide edges of the pieces n, n, 
are exaAly parallel to each other, ana the diftance between 
them is exaAly equal to the diameter of the outfide of the 
ring 28, which ring is included between them, when the 
chuck is ferewed to the mandrel b, and the circle fixed to 
the puppet C, as Aiewn in Jig . 25. 

Suppofe then the circle is fet concentric with the man- 
drel ; it the mandrel is turned round, it will caufe the chuck;, 
and Aider jf, together with the work attached to the Aider 
by the ferew h 9 to revolve. The work will now run in a 
circle, and turn circular work as ufual, becaufe the Aider is 
guided by means of its claws n t n, which embrace the cir- 
cle ; and will keep the fame pofition in its groove in the 
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chuck during all the parts of a revolution, becaufe the circle 
is concentric with the mandrel. 

To fet the chuck for an ellipfis, place the point of a 
tool oppofite the work, at fuch a diftance from the centre 
of the work, that it will deferibe a circle of a diameter equal 
to the breadth or fmalleft diameter of the ellipfis intended to 
be turned. This is beft done by fixing the tool in the Aide- 
reft. Now turn about the mandrel, till the Aider g comes hori- 
zont?l, and fet the circle 28 excentric from the mandrel by its 
ferews m, m; it will of courfe move the Aider g in the groove 
of the chuck, and alfo the work will move with it to a 
greater diftance from the centre, becaufe the two fteel 
pieces n, n, at the back of the Aider include the circle between 
them. The quantity of excentricity given to the ring, muft 
be equal to the difference between the two diameters of the 
required ellipfis, fo that the work ftiall move, or throw out a 
fufficient diftance, to bring the point of the tool as much 
beyond the circle firft defcribed, as the length of the ellipfe 
exceeds the breadth. The point of the tool wifi now be at 
one end of the longeft diameter, and here we will commence 
to trace the curve all round. In turning the mandrel round 
till the Aider comes vertical, it muft return in its groove to 
the place it firft occupied, viz. the centre ; becaufe the ex- 
centric circle which guides the Aider is not excentric in a ver- 
tical direAion, though it is in the horizontal. In this motion, 
the point of the tool has cut or defcribed one quadrant of an 
ellipfe, becaufe it gradually approached the centre a quantity 
equal to the excentricity of the circle. By continuing to turn 
the mandrel round farther, the circle will caufe the Aider to 
move out the other way from the centre in its groove until it 
comes again horizontal, when it will be at the greateft throw 
out, as the turners term excentricity, and the point of the tool 
will be at the other end of the longeft diameter, having de- 
fcribed one half the curve : continuing to move forwards 
till the Aider becomes vertical, it will become concentric 
again, and the tool will be at the breadth of the ellipfe, having 
finiAicd three quarters of the ellipfe ; and in turning the 
next or fourth quarter, the Aider throws out till it comes 
horizontal, and brings the work to the pofition where we 
firft fet out, viz . at its greateft excentricity ; and with the 
tool at the end of the longeft diameter of the ellipfe. 

The fimple trammel ( Jig. 29. ) is not eafily recognized in 
this complicated chuck, although it has all the fame move- 
ments. Thus, let us return to our firft idea of a board with 
two crofs grooves in the back of it, turning round on two 
fixed pins, which enter the Aiders in thofe grooves. Sup- 
pofe that one of the pins is extended to a large ring, and the 
groove proportionally widened to receive it, this will have 
tne fame effeA. Such a groove is formed by the two pieces 
of fteel n, n , which have ftraight edges made truly parallel 
to each other, and perpendicular to the length of the Aider 
which carries them. The other fixed pin is reprefented by the 
mandrel ; and the Aider being always confined in a right line 
acrofs it, has the fame effeA as a pin entering a ftraight groove. 

This ingenious apparatus was invented early in the laft 
century by the celebrated mathematician Abraham Sharp. 
Before his time, oval-work was always turned in a role- 
engine, which had an elliptical pattern. 

In turning oval work, the tools muft be delicately ufed, be- 
caufe the circumference moves with an unequal velocity at 
different parts of its revolution. 

Method of ornamenting turned Articles by an Excentric Chuck . 
—This produces a fimilar effeA to the rofe-engine ; but 
as a chuck of this defeription can be applied to any lathe 
which has a mandrel and Aide-reft, it has been referved for 
the prefent article. 

Figs. 18. and 19. are two views of an excentric ehuek ; m 
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is a focket, which is fcrewed to the mandrel ; and hi the 
chuck, which is formed in the fame piece with the focket a ; 
a dove-tailed groove is formed in the front of the chuck, by 
means of two pieces d, d, which are fcrewed to the chuck, 
and into this groove a Aider, t e, is fitted : to this Aider a 
centre pin is fixed very firmly, and upon the centre pin a 
circle,^, is fitted, fo as to turn round freely ; in the front 
of the circle a ferew, g, jtrojefts, for the purpofe of fixing 
chucks to the circle. The Aider is applied to the chuck, 
juft the fame as in the oval chuck, but is not left at liberty 
to Aide in the groove, for a ferew, l, is applied, which will 
move the Aider gradually in the groove, but always holds 
it fad where it is placed. By means of this ferew, the 
centre pin of the circle, f, can be made either to coincide 
with the line of the mandrel, or it can be fet with any required 
degree of eccentricity from the mandrel, as is fhewn in 
jiff. ly, by the difference between the line of the ferew g t 
and that of the focket a. 

The circle is divided round the edge with notches or 
teeth, cut at equal diftauces ; and a tooth or catch, h, is 
fitted on the Aider by a centre ferew, and has a tooth which 
can be iaferted into any of the teeth at plcafurc, and will 
hold the circle fall from turning round upon its own centre 
pin. In this cafe, any piece of work, which h fixed to 
the ferew g, will turn round with the mandrel, juft as 
though it was fixed immediately thereto. The manner of 
ufing this tool is as follows : when the excentric chuck is 
fcrewed to the mandrel at a, the ferew, i, is turned, until 
the ferew, g, is brought exactly into the line of the man- 
drel. A wood chuck is now fcrewed on at g, and a piece 
of work fitted into it ; which work is turned to its required 
figure, juft as though the wood chuck was fcrewed to the 
mandrel itfelf, without the interpofitiou of the excentric 
chuck, which hitherto has been pafiive. The work being 
turned, it can be beautifully ornamented on the flat furface, 
by tracing a number of circles upon it. To do this, turn 
the ferew /•, until the centre of the circle, /, is removed to 
a given diltauce from the line of the mandrel ; now apply a 
tool to the end or flat furface of the work, by means of the 
flide-reft, and turn the mandrel round, until tile tool has cut 
a fiue circular line in the furface of the work. Now it is 
evident that this circle will not be in the centre of the work, 
but removed from the centre thereof a diflance equal to the 
degree of excentricity given to the Aider. Having thus de- 
ferred one circle, flop the lathe, and releafe the catch h ; 
then turn the circle, /, round one tooth or notch. 

Put the lathe again in motion, and deferibe another 
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circle by the point of the tool, held exaftly m the fame 
fpol as before ; but the circle fo defcribed will fall on a 
different part of the work to that circle which was before 
made, although its centre will be at the fame diflance from 
the centre of the piece of work. The lathe is flopped, and 
the circle, f, turned round another tooth : a third circle is 
then defenbed ; and when as many circles are deferibed as 
the whole number of teeth in the circle f, the ornamenting 
is fimfhed. It will confift of as many circles as there are 
divifions in the circle f, all of an equal fize, and their 
centres arranged at equal diflances, around the circum- 
ference of a fmall circle, which is concentric with the work. 
The whole produces a rofettc or engraved figure upon the 
furface of the work, and the numerous interfeftions of the 
excentric circles have a very plcafing effeft to the eye. 
This kind of work is feen on the calcs of many watches ; 
and when well executed, is much efteemed. 

Turning Horizontal Hand-Mill , in Rural Economy , an 
ufeful contrivance of the hand corn-mill kind. It was 
invented by Mr. fright, and conlifls of a fort of tub or 
box ; the frame of uie mill-part of which is three Icei 
fquare, and three and a half in height. The mill-flones an 
eighteen inches in diameter, and inclofed in the tub or box, 
fupported by two crofs-bcarers, under which is a lever, 
having an iron pin or pivot, which runs through the ccntri 
of the bed Hone into a focket in the bridge of the uppei 
flone or runner, to which is attached the fhaft and fpindlc, 
running through the eye of the runner and hopper, and flip- 
porting the fly-wheel and crank. A piece of wood of a 
round form, faftened on the (haft, ferves as a feeder ; and 
above is a ferew to regulate the feed according as the mill is 
turned. On the fide of the tub or box is a thumb-ferew, 
fixed to the lever underneath, which regulates the Hones, 
according as they are turned. The fhaft runs through the 
crewn-tree or crofs-bar at the top of the frame, on which 
is the horizontal fly-wheel ar.d crank ; to which are at- 
tached one or two handles, by means of which the mill is 
put in motion. Under the Hones is a drawer ; in which 
are placed three fieves of different fineffes ; one for taking 
away the broad bran, another for the coarfe pollard, and 
the third for flopping the fine pollard, and letting the flour 
pafs into the drawer, which is e ffefted by a fort of iron fork 
running through a hole in front of the drawer, and fixing 
on one of the fieves. 

Small hand-mills of this nature are extremely convenient 
and ufeful in many cafes. 
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VARNISH, nr Vr’kViMl, a thick, vifcid, gloffy 

li juor, ufed by paiitns, gildns, «m! various other 
jltcj,, In giw j niola am! lutlie to their works, as ailo ♦<> 
defend than liom the weather, dull, &c. 

There are divers kinds of varnifhes ; fome of the x nner 
pal of which arc as follow : 

Varnish, Ambet , is prepared in the following manner : 
Put four ounces of amber into a crucible, and melt it with a 
fmall degree of heat, and pour it out upon an iron plate ; 
when cold, reduce il to powder, and add to it two ounces of 
drying oil, that is, Indeed oil thickened by boiling it up with 
litharge, and one pint of oil of turpentine, and diflolvc the 
whole together into a liquid varnifh. 

This fimple amber varnifh is of great i:fe for many pur- 
pofes, and is faid to be the bafis of the fine varnifhes which 
we fee on coaches, and may be pre-par *d without drying oil, 
by boiling the powder of amber in linfecd oil, or in a mixture 
of linleed oil and oil of turpentine. Drying oil is commonly 
ufed by the workmen ; but Dr. Lewis thinks it more eligible 
to take the oil unprepared, that the boiling requifite for 
giving it the drying quality may be employed at the fame 
time in making it a St upon the amber. It has generally been 
thought, that amber will not at all difiolve in oils, till it has 
fuffered a degree of decompofition by fire. But Hoffman 
relates an experiment, in his Obfervationes Phyfico-Chcmicae, 
which difeovers the fallibility of this concrete in its natural 
ftate. Powdered amber, with twice its quantity of oil 
olive, was put into a wide-mouthed glafs ; and a digeflor, or 
ftrong copper veffel, being filled about one-third with water, 
the glafs was placed in it, the cover of the digeftor ferewed 
down tight, and a moderate fire continued an nour or more : 
when cold, the amber was found diffolvcd into a gelatinous, 
tranfparent mafs. In Dr. Stockar's Specimen Inauguralc 
de Succino, printed at Leyden in 1760, we have an ac- 
count of other experiments made by himfclf, in conjunftion 
with M. Ziegler of Winterthur ; from which we learn, that 


by continuing a fimmering heat twelve hours, and confining 
the vapour as much as ftone-ware veffcls would bear without 
burfting, (the danger of which was avoided by making a 
fmall notch in the cork-ftoppcrs,) powdered amber diffolvcd 
perfectly in expreffed oils, in turpentine, and in halfam of 
copaiba : a ftrong copper veffel, with a cover ferewed on it, 
feems mo ft eligible ; and for the greater fecurity, a valve 
may be made m the cover, kept down by a fpring, that fhall 
give way before the confined vapour is of fufficient force to 
endanger burfting the vcffil. Moreover, by digeftion for a 
week in elofe-ftopped glafs veffcls, in which the comprefTure 
could not be very great, filiations equally perfect were ob- 
tained. The folution in rape-feed oil, and in oil of almonds, 
was of a fine yellowifh colour ; in linfecd oil, gold-coloured ; 
in oil of poppy-feeds, yellowiih-red ; in oil olive, of a beau- 
tiful red ; in oil of nuts, deeper coloured ; and in oil of 
bays, of a purple-red. The filiations made with turpentine 
and with ball am of copaiba, were of a deep red colour, and 
on cooling, hardened into a brittle mafs of the fame colour. 
All the folutions mingled perfeilly well with fpirit of 
turpentine, Thofe made with the oils of linfecd, bays, 
poppy-feeds, and nuts, and with halfam of copaiba and 
turpentine, being diluted with four times their quantity of 
fpirit of turpentine, formed hard, tenacious, gloffy varnifhes, 
which dried fuflicicntly quick, and appeared greatly pre- 
ferable to thofe made in the common manner from melted 
amber. 

An amber varniih may alfo be made by boiling down fome 
colophony, or turpentine, till it becomes black and friable, 
and melting this in a glared earthen veffel, fprinkiing in, by 
degrees, thrice as much amber in fine powder, with the ad- 
dition of a little fpirit or oil of turpentine now and then. 
When the amber ic melted, fprinklc in the fame quantity of 
farcocolla, continuing to mix them, ami to add more fpirit of 
turpentine, till the whole becomes lluid ; then drain out the 

clear 
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clear through a coarfe hair bag, prefling it gently between 
hot boards. This varnilh, mixed with ivory -black in fine 
powder, is applied, in a hot room, on the dried paper pafte 
of which the papier mache is made ; which is then fet in a 

f ently heated oven, next day in a hotter oven, and the third 
ay in a very hoi one, and let Hand each time till the oven is 
grown cold. The pafte thus varnifhed is hard, durable, 
gloffy, and bears liquors hot or cold. Lewis's Com. Phil. 
Techn. p. 367. 

An amber varnifh may be otherwife made by melting eight 
ounces of Chio turpentine, and when fluid, pouring into it, 
by degrees, a pound of fine powdered amber, and ftirring 
it ; and when it is properly mixed, fetting it on a fire 
for half an hour, taking it off, and ftirring it well, and 
adding to it two ounces of the white colophony. It is 
again to be put on a brifk fire, and covered dole ; when 
the mafs is perfectly fluid, and taken off to cool, a pound of 
linfeed or poppy oil, made drying, is to be poured in boiling 
hot, and ftirrea till it be incorporated with the mafs ; and 
then a quart of hot turpentine is to be added, and the whole 
well ftirred. Let it then cool, and ftrain it off for ufe ; when, 
if it has been properly made, it will be quite clear. See 
GlX/DlNG on Enamel and Glafs. 

Varnish, Blacky for japanning on wood or Lather, is 
prepared by mixing lamp-black or ivorv-black with a proper 

? uantity of a ftrong folution of gum lac in fpirit of wine. 

See Japanning.) The lamp-black is commonly preferred 
to the ivory -black, on account of its uniting heti«T with the 
fluid, and working fmoother. The thick- *r part of the var- 
nifh, which fettles at the bottom, is ufed with the lamp- 
black for the firft coatings, and the mixture applied at dif- 
ferent times, in a hot room, one layer after another, is dry, 
till a full body of colour is obtained ; after which, the piece 
is wafhrd over in the fame manner feveral times, with the 
finer part of the varnifh, juft tinged with the black, fo as to 
make a coating of fulfirieut thickncfs to bear pohfhing with 
tripoli. Iron fuuff-boxes, mourning buckles, <xc. are co- 
loured black, by making them confiderahly hot, and 
applying on them in this (late a thick mixture of lamp- 
black, with a certain varnifh called gold-fize, confiding of 
drying oil, tnipentine, and the pigment called Naples yel- 
low ; but the* yellow might be omitted, and the varnifh 
formed at once by mixing lamp-black with a proper quantity 
of turpentine and drying oil. The workmen, as Dr. Lewis 
fays, frequently employ, as varnifh tor metals a mixture of 
lamp-black, with the feummings, &c. of different oil paints ; 
the mixture is applied with a pencil, and the piece afterwards 
baked in an oven with a heat fomewhat greater than is ufed 
ror the papier mache . Naples yellow, a fuptrfiuous mgrt - 
•bent in the black varnifh, is the bafis of the dark -brown 
which we fee on fume iron fnuff-boxes ; this pigment 
changing to a brown in baking with the varnifh. Lewis. 
See Lacquer. 

The excellent black varnifh of China arid Japan, which 
has been hitherto but impcrfe&ly imitated in Europe, and 
which was formerly thought to be an artificial compofiticn 
of refinous bodies coloured with black pigments, has been 
difeovered by the later travellers into thofe countries, to be a 
native juice, exuding from incifions made in the trunks of 
certain trees. Mr. Miller, in conlequence of a letter from 
the abbe Mazeasto Dr. Hales, containing a communication 
of the difeovery of a plant by the abbe de Sauvages, which 
he. calls toxucdtndron Caroltmanum folds pinnatis, Jloribus mini - 
nis herhaceisy and the black juice of which adheres, without 
the lcaft acrimony, to cloth with more force than any other 
known preparation, takes occafion to (hew, that this Ame- 
rican toxicodendron is the lame fpecies of plant from which 
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the inhabitants of Japan procure the varnifh with which they 
ftain all their utenfils ; adding, that the Calicuts are alfo 
painted with the juice of this mrub. This American toxi- 
codendron (fee PorsoN-TVev) is the fame plant, as he affirms, 
which is mentioned by Kaempfcr, in hi« Amccnitatcs Exotic®, 
by the title of arhor vemacifra legitim a, folio pinnato jughmdis, 
frutlu racemofo cireris facie; 1. e, the true varnifh-tree, with a 
walnut-tree leaf, and a branching fruit like ciccrs. It is 
called by the inhabitants of Japan fitz, or Ljitz-dsju, and 
alfo urns , or urus-noki. Kxmpfer lias alfo defenbed the 
wild or fpunous varnifh -tree, called faft-no-ki by the natives, 
which he fays agree* with the other in every part, except 
that the lobes ot th<* loaves are narrower ; but Mr. Miller is 
of opinion that this is a diftinft fpecies, if not a different 
genus, from the true fort ; and fays, that the varnifh yielded 
by it is of little eiteem. The account which the Jefuits at 
China have given of the manner in which the varnifh is pro- 
cured, is as Follows : they firft flit the back of the branclicb 
of the flirub, in different places, with a knife ; and thus 
there flows out a white clammy juice, which is received into 
wooden veffels ; and when thefe become dry, they tap the 
flems of the fhrubs near the roots, fo that all the juice is 
drawn out of them. The fhrubs are then cut down to the 
ground, and from their roots new flems arife, which in three 
years will be fit for tapping. The juice turns black when 
expofed to the air ; it heals without turning four ; but 
being of a poifonous nature, it is dangerous to handle it. 
This native varnifh wants hardly any preparation ; but if 
any dirt fhonld happen to mix with it, it is cmanfed by being 
ftrained through coarfe gau/e, put into wooden veffels, and 
covered with an oil called tot, and a (kin, m order to prevent 
its evaporating. Tn this (late it is carried over to China 
and Japan for fab*. The fhrub is chiefly cultivated in the 
provinces of Tli-kocko and 1'igo ; and the heft varnifh, 
according to Karnpfer’a account, is produced about the 
city Jaffiuo ; but there is an ordinary fort of varnifh, called 
nam-ral , brought from Siam, which L collected in the pro- 
vince of Corfama, and m the kingdom of Cambodia, from 
the tree, anacardus, called by the inhabitant!. tong, or tuc-rak, 
the fruit of which L called in our (hop:, anacardium . To 
collect this liquor, they bore a hole in the trunk, and infert 
a tube. By this method they procure as much of it as is 
fuftinent, not only to virnifh all the utenlihof China, Ton- 
qun», and Japan, but it is even export'd in clofe wooden 
ve ffel s 1o Batavia, and other parts of India. This varnifh, 
fays Ka*mpfer, is not only fol 1 quite pure, but like wife 
coloured, with Chinefe nativ < .nnabar, and a kind of red 
earth, which the Dun h formerly, but now the Chinefe 
bring them, and alfo with the materials of which they make 
their common Japan ink Mr. Ellis lias cuntroveited the 
opinion of Mr. Miller, and endeavoured to fhew that the 
Amtricau toxicodendron is not tlie fame with Ksempfir’s 
arhor vernicifrra legitimist ; alleging, that Harm pier’s de- 
ft nption of the true vaimfh-trcc doe?, not agree with tin:, 
toxicodendron ; and he inclines to the opinion, that the Ca- 
rolina pinnated toxicodendron, or poifon-afh, is the fame 
with the fnfi-no-ki, or Ipurtous varnifh-tree of Ksempfer. 
Mr. Ellis alfo thinks it is not improbable, that the varnifh 
mentioned by Kaempfer, as obtained from the oriental ana- 
cardimn, is the fame with that mentioned by father d’ln- 
carville, in the Phil. Tranf. vol. xlviii. p. 254, called to:ng- 
yeou ; which is fo univerfally ufed in China for preferving 
and ornamenting their furniture. See this controverfy be- 
tween Mr. Miller and Mr. Ellis at large, in Phil. Tranf. 
vol. xlix. part i. p. 157 — 166. part ii. p. 806 — 876. vol. i. 
p. 430—456. See Poison-//**, Linen, and Japanning. 

V a k NIRH, Brown, for Metals . See Black V arnjsh, fupra. 

Varnish, 



Vaunish, Copal Qil , called in France verms martin , is 
made by pouring into a well-glazed (Irong earthern pot, in 
ftiape refembling a chocolate pot, and in fize large enough 
to hold about a gallon, and made warm, four ounces of 
Chio or Cyprus turpentine, and when this is diflolved, eight 
ounces of finely powdered amber ; mingling them well, and 
fetting them on the fire for a quarter of an hour ; take off 
the pot, and pour gently into it a pound of copal, finely 
bruifed, but not powdered ; flir the mafs, and add four 
ounces of Chio turpentine, and a gill of warm turpentine 
oil ; then fet it on a brifk fire for about half an hour, and 
taking it off, ftir the contents well, and add two ounces of 
the fineft and whiteft colophony. Let the pot be put on a 
very brifk fire, and remain till the whole is diflolved, and 
become as fluid as water ; let it be removed from the fire, 
and remain for a few minutes, and then gradually pour in 
twenty-four ounces of poppy, nut, or linfeed-oil, made 
drying, and boiling hot, and flir the mafs with a deal flick. 
When the gums and oil are thoroughly incorporated, fet 
them over the fire for a few minutes, ftill flirring them 
about, and let them boil once up ; and having taken off the 
pot, pour into it a quart of hot turpentine ; flir them toge- 
ther, and give them one boil up ; take off the pot, and pour 
into it a pint more of hot turpentine, ftill flirring it well. 
If the gums are thoroughly melted, and well incorporated, 
the varnifh is made ; which, being cool, is ftrained through 
a clofe cloth into another veffel, and, if it be too thick., 
thinned with oil of turpentine, till it becomes of the con- 
fiftence of linfe^d-oil ; ftrain it a fecond time, bottle it for 
ufe, and let it Hand a month, at leaft, before it is ufed. 
This varnifh is ufed for coaches, cabinets, & c. ; and the 
piece, whatever it be, after having been varniflied fmoothly, 
and dried in the intervals half a dozen times, and fuffered 
thoroughly to dry, mull be rubbed with a wet coarfe rag, 
dipped in pumice-ftone, powdered and fifted, till the ftreaks 
of the brufti and all blemifhes are removed. When it is 
perfe&ly fmoothed, wafhed, and dried, the coats of varnifh 
are to be repeated, for ten or twelve times, till there be a 
fufficient body. After having again ufed the powdered 
pumice-ftone, and wafhed it off as before, let it be rubbed 
with fine emery, till the furface becomes even and fmooth as 
glafs ; then with powder of fine rotten Hone, till by paffmg 
the palm of the hand two or three times over the fame 
place, you difeover a glofs equal to that of glafs : having 
dried it clean, dip a rag, or piece of flannel, in fweet oil, 
and rub the furface a few times over, and clear it off with 
fine dry powder, flour, or the hand ; and a piece of fine 
flannel, dipped in flour, and rubbed over it, when cleared of 
the oil, will give it an excellent luflre. Between every coat 
of varnifh it will be advifeable, if the fubj 61 admits of it, 
to fet it in a warm oven ; or to heat the varnifhed pieces 
by ftoves. See Copal. 

Varnish, Gold-coloured . See Lacquer. 

The compofition of a gold-coloured varnifh, ufed by the 
Englifh artifte for brafs and filver, was communicated to 
fome of the French academicians in 1720, by Mr. Scailet, 
and in 1738 by Mr. Graham, and publifhed in the volume 
of the French Memoirs for 1761. It is as follows: Take 
two ounces of gum lac, two ounces of yellow amber, 
forty grains of dragon’s blood in tears, half a drachm of 
faffron, and forty ounces of good fpirit of wine : infufe and 
digtft in the ufual manner, and then ftrain through a linen 
cloth. The piece to be varnifhed muft be heated before 
the liquid is applied : it receives from the varnifh a gold 
colour, and may be cleaned, when fullied, with warm 
water. 

Varnish for preferring polifbed Iron from Rujl . See Iron. 
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Many methods have been ufed for preferving iron utenfils 
from ruft, as animal fats, oils, boiled oil mixed with melted 
lead, See. Homberg’s falve for this purpofe confifts of two 
pounds of hog’s-lara, an ounce of camphor, and as much 
black lead as will render the mixture of an iron-colour ; 
when this is ufed, the iron muft be previoufly heated. M. 
Reaumur has difeovered a better compofition for this pur- 
pofe : it is oil, infpiflated by being expofed to the air in 
flat fhallow veffels, fo as juft to cover the bottom, mixed 
with a folution of copal in fpirit of wine : this forms an 
elegant hard varnifh, which, rubbed on polifhed iron, made 
a little hotter than the hand can bear, will cover it with a 
folid, thin, tranfparent coat, without any injury to its 
colour or appearance. See Rust. 

Varnish, Lacca , is made of gum lacca and fpirit of 
wine, frequently fhaken till the gum be diflolved, then 
ftrained, and the clear liquor decanted off. 

The lacca ought to be of the kind called feed lacca. 
(See Lac.) Three ounces of this, well purified by re- 
peated ablution of water, dried and powdered grofsly, 
fhould be put into a bottle with a pint ot re&ified fpirit of 
wine, fo as to fill about two-thirds of it, and the bottle 
placed in a gentle heat ; proceeding as above : though for 
varnifhing ordinary woods, fhell lacca is often ufed. For 
this purpofe, five ounces of the bell fhell lacca fhould be 
grofsly powdered, and put into a bottle, holding about 
three pints or two quarts, with one quart of re&ified fpirit 
of wine ; and placed in a gentle heat : the mixture muft 
be filtered through a flannel bag. To this varnifh, the 
colours ufed in varnifh painting may be added, and pro- 
perly diluted with reftified fpirit, and kept in phials, or tin 
veffels clofely flopped for ufe. But this will not Hand 
again ft the weather. 

For various preparations of this kind, fee Japanning 
and Lacqukr. 

Varnish, Majlich , is made by putting five ounces of 
powdered rnaftich into a proper bottle, with a pound of 
fpirit of turpentine, and letting them to boil in balneo 
Marix, till the mallicb be diflolved, and ftraini ng the folu- 
tion through fl aim'd. This varnifh may be converted into 
a proper varnilh for painting, by grinding one ounce of 
gum anime on a Hone with water, till it becomes an im- 
palpable powder ; then drying it, and grinding it again 
with half an ounce of turpentine, and afterwards with the 
proper colours, and moiftening it with the maftich varnifh, 
till the mixture be of a due confiftence for working with 
the pencil. It muft then be kept in phials or tin veffels, 
and diluted, as there may be occafion, with fpirit of tur- 
pentine. 

Varnish for prefixing Paintings . See Picture. 

For this purpofe fome have recommended the following 
compofition : vix, half a pound of gum fandarac ; an ounce 
and a half of Venice turpentine ; three-quarters of an ounce 
of each of tin gums anime and copal ; half an ounce of 
maftich ; benzoin, gum elemi, and white refin, each two 
drachms, and one pound of rectified fpirit. The benzoin 
and gum anime powdered, are put with the Venice turpen- 
tine into a phial, with eight ounces of the fpirit of wine ; 
the copal and refin powdered are alfo put in a phial with 
fix ounces, and the powdered gum elemi, with two ounces 
of fpirit of wine. The feveral phials are frequently (haken, 
till the gum, &c. are diflolved ; then the folutions are 
drained through a fine linen in one bottle, and when the 
mixture has ftoed fome days, it is decanted off clear, and 
kept in a feparatc bottle For ufe. Some have fubftituted 
the farcocolla for the copal. Another compofition is 
formed, by diffolving maftich and fandarac, grofsly pow- 
dered, 
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dered, of each fix: ounces, and Venice turpentine half an 
ounce, in a quart of highly rc&ified fpirit of wine, and 
draining off the folution. If it be required harder, an equal 
weight of the gums anime and copal may be added, and 
the quantity of fpirit of wine doubled. In the ufe of this 
varnifh, the painting fhould be thoroughly dry, and it 
fhould be fpread very gently with a pencil. The varnifh 
fhould be laid on in a very warm place, or the pi dure itfelf 
warmed to a moderate degree, in order to prevent the 
chilling of the varnifh ; in which cafe another coat fhould be 
added. And, indeed, two or three coats are neceflary to 
preferve the painting, and to bring out a due effedt of its 
colours, if they are in that ftate called funk in , occafioncd 
by the attradion of the cloth on the oils mixed with them. 
An oil of turpentine varnidi may be added by grofsly pow- 
dering maftich and fandarac, of each four ounces ; two 
ounces of white refin ; and farcocolla, anime, copal, and 
olibanum, of each one ounce ; and putting them into a phial 
with two pounds of oil of turpentine, flopping the phial 
gently, and placing it in any heat, fo that the mafs may 
not boil, and draining off the folution for ufe. Or, a var- 
nifli more fimple, and equally good, may be made by pow- 
dering two ounces of landarac, maftich and olibanum, of 
each an ounce and a half ; or three ounces of maftich, and 
Venice turpentine half an ounce ; and diffolving them in 
half a pound of oil of turpentine, and proceeding as before. 
Handmaid to the Arts, vol. ii. p. 227, &c. 

Varnish for Paper-hangings . See ¥ aver- H angings. 

Varnish for Printers 9 Ink . See Printing-/^. 

Varnish, White , is ufually made of gum fandarac and 
gum maftich, diffolved in fpirits, left to fettle two days, 
then ftrained through a linen cloth, and, after Handing fome 
time, the clear poured off, and bottled for ufe. 

The more curious artifts diffolve the two gums fepa- 
ratcly ; and having made a feparate varnifh of each, mix 
them occafionally, as their work requires a differ or a 
fofter varnifh. 

But for the bejl white varnifh more gums are required $ 
viz. Venice turpentine, gum copal, elemi, benzoin, anime, 
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and white refin. 

Befides thefe, there are hard And foft varnifhes, or grounds, 
ufed by the etchers and engravers. See Etching. 

Varnish is alfo ufed For a kind of gloffy coat, with 
which pottery-ware, Delf-ware, China-ware, &c. are co- 
vered, to give them a fmoothnefs and luftre. Some pre- 
paration of lead is the varnifh ordinarily ufed for the firft ; 
and earths for the fecond. See Glazing and Pottery. 

The true varnifh ufed by the Chinefe and Japanefe, to 
give that inimitable luftre to their porcelain, is one of the 
grand fecrets in that manufa&ure ; and is one of the great 
things wanting, to make Delf and French ware vie with the 
Chinefe. Several have defenbed the preparation of it, 
particularly Kircher : but none ever fuccecded in the trial. 
See Porcelain and Varnish, fupra. 

Varnish is alfo a term applied to the colours which 
antique medals acquire in the earth. 

The value of a medal is heightened by a beauty, which 
nature alone was able to give, and art has never yet attained 
to counterfeit : we mean the colour or varnifh with which 
certain foils tinge the medal ; fome with a blue, almoft as 
beautiful as that of a turcois ; others with an inimitable 
vermilion colour ; and others with a gloffy fhining brown, 
Xu finitely beyond any of our figures in bronze. 

The moil ufual varnifh, however, is a fine green, which 
.uings to the mod delicate ftrokes without effacing them ; 
iiuh more accurately than the fineft enamel does on metals. 
Didh alone is fufceptiblc of it ; for as to filver, the green 
ruft that gathers on it, always fpoils it ; and it muft be 
feoured off with vinegar,* or lemon juice. 

There is alfo a falfe, or modern varnifh 5 which the fadfi- 
fiers of medals give to their counterfeits, to give them the 
air of antiquity : it is difeovered by its being fofter than 
th'' natural varnifh, which is as hard as the metal itfelf. 

Some lay their fpurious medals under ground, where they 
contract the degree of varnifh, that they impofe on the leh. 
knowing: others ufe fal ammoniac, mixed with vinegar; 
others the acid fpirit of nitre, &c. 
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Veins, Metallic and Mineral , in Geology, are fi flares inter- 
fering rocks or ftrata, filled more or lefs completely with 
mineral or metallic matter, different from the fubftance of 
the rock. When veins are feen on the furface interfering or 
traverfing a mountain, they have been fuppofed to rcfemble 
the veins of animals ; but the refemblance is only fuperficial, 
for veins are not tubular, except in a few iuilances ; but 
their thicknefs is fmall, compared with their length and 
depth* 

Metallic veins are the principal repofitories of moft of the 
metals, except iron and manganefe, which occur more fre- 
quently and abundantly in bed9 than in veins. The thick- 
nefs of metallic veins varies from a few inches to feveral feet 
or yards : the fame vein varies alfo in thicknefs in different 
parts of its courfe, fometimes contraAing to a narrow firing 
of ore, and then expanding again to the width of feveral 
yards* The depth to which they defeend is unknown, for 
we believe no infiance has occurred of a confiderable vein 
being worked out in depth , though it may fink too deep to ren- 
der the operation of the miner profitable ; or it may branch 
off in a number of firings, which are too much intermixed 
with the rock to be worked to advantage. In cafes where 
the metallic ores have difappeared at confiderable depths, the 
veins are flill continued, though they are filled exclufively 
with the mineral matter or vein-fione which accompanied the 
ore in the upper part of the rock. Some veins appear to 

f row wider, and others to contraA as they defeend. The 
ireAion of veins downwards inclines more or lefs from the 
perpendicular ; but they fometimes run for a certain diftance 
parallel with the dip of the beds or ilrata in a mountain, and 
then firike down through the lower beds. 

The length of metallic veins has rarely, if ever, been ac- 
curately determined ; they have frequently been traced fe- 
vcral miles, but their further progrels has been concealed by 
the intervention of valleys, rivers, or accumulations of fand 
and alluvial depofits. Some of the metallic veins in South 
America have been traced to the diftance of eighty miles. 
Large veins generally take a nearly direA line through a 
country, except where they are turned afide by crofs veins, 
or what are called in Cornwall crofs courfes ; it is alfo re- 
markable, that the metalliferous veins in England generally 
run nearly eaft and weft, and the crofs courfes north and 
fouth. To what caufe this is owing we are perfeAly igno- 
rant. Large metalliferous veins frequently fend off fmaller 
veins, or firings of ore, from their fides, which penetrate the 
rock to a confiderable diftance on each fide of the large 
vein. Veins are feldom entirely filled with ore, but fome- 
times it extends in a compaA mafs from one fide to the 
other. More frequently, the ore is intermixed with mineral 
matter called vein-fione, matrix or gangue : this, according to 
the rock which it interfeAs, will be either calcareous ipar, 
fluor fpar, barytes or quartz. The vein-fione and the ore 
are frequently arranged over each other, lining the Tides of 
the vein with alternate layers of metallic and mineral matter, 


and filling up the whole vein. In the mines of Cornwall, 
the ores of copper and tin commonly occur in detached 
maffes, which are called hunches of ore ; and the other parts 
of the vein, being unproduAive, are called deads. 

The vein is generally feparated from the rock which it in- 
terfeAs by a thin layer of mineral matter diftinA from the 
vein, and from the rock itfelf, and alfo by a thin lining of 
clay. Sometimes there are large cavities in veins called 
drufes, which are generally lined with cryftals. In other in- 
ilances the vein divides, inclofing a piece of rock, which is 
called the rider ; but it is obferved, that the inclofed mafs, 
or rider, differs in its quality from that of the rock through 
which the vein paffes. 

The fuperficial part of a vein generally contains the ore 
in a decompofing ft ate ; and it frequently happens that the 
ores in the upper and lower part of the vein are different : 
thus in Cornwall, blende, or the fulphurct of zinc, often oc- 
cupies the uppermoft part of the vein, to which fuceeeds 
tin-ftone, and at a greater depth, copper pyrites. See Zinc, 
Ti N-S/one, and Copper. 

When Mr. Pryce wrote his “ Mineralogia Cornubicniis,” 
the mines of Cornwall had not been worked to a grtat depth, 
for he fay 8 the richeft Rate of a mine for copper was from 
eighty to one hundred yards deep, and for tin, from forty to 
one hundred and twenty yards. This account by no means 
correfponds with the prefent ftate of the Cornifh mines. The 
Dolcooth copper-mine, near Redruth, is worked to the depth 
of four hundred and fifty-fix yards, and is very productive 
at that depth. 

Veins generally decline from the perpendicular, and de- 
feend into the earth obliquely. The Tides, or, as they are 
called, the walls or cheeks of the vein, are differently deno- 
minated, the upper fide being called the hanging fide y the up- 
cheeky or hanger ; and the under fide, the hading f dr y the 
down-cheeky or the ledger. The veins we have been de- 
ferring are called rake veins in fome parts of England, and 
in Cornwall, they are denominated lodes; which fee. Thefe 
metalliferous veins have commonly the fame direAion, or 
nearly fo,iu the fame diftriA, and the veins which crofs them 
are generally unprodu Aive, or contain metallic ores of a dif- 
ferent kind. They are called crofs courfe or north and 
fouth veins. 

Metalliferous rake-veins interfeA moft of the mountains 
called primary, fuch as granite, gneifs, and mica-flate. 
(See Granite, &c.) But they are more abundant in Hate- 
rocks than in rocks of granite or porphyry. ( See Granite, 
Slate, and Porphyry. ) They alfo interfeA the rocks of 
tranfition and mountain lime-ftone, which reft upon (late, or 
alternate with it ; but they rarely rife into the fecondary 
ftrata which contains coal. This faA feems to prove that 
veins were formed prior to the depoiition of the upper fe- 
condary ftrata. When a metallic vein in its defeent paflfes 
througn different kinds of rock, it is frequently observed 
that the produAs of the vein vary in each bed ; and when it 
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paffes through regularly llratified beds of the fame rock, 
there are particular ftrata in which the veins are always 
found moft productive, and thefe in the north of England 
are called bearing meajurei. If the nature of the rock teems 
to have produced a change in the quality of the ore, it is 
no lefs remarkable that the rock itfelf is alfo frequently 
changed or decompofed in the immediate vicinity of a vein. 
This change is more apparent in fome rocks than in others, 
particularly in granite, fienite, gneifs, mica-flate, argillaceous 
ichiftus or flate, and porphyry. In fuch inftances, accord- 
ing to Werner, it is only one of the component parts of the 
rock that is decompofed, either the felfpar, the hornblende, 
or the mica, but never the quartz. This change fometimes 
extends to a confiderable diftance on each fide of the vein, even 
to a fathom or more ; it extends farther in fome places than in 
others, and is moft general in thofe parts where the vein con- 
tains fulphur. Sometimes this change in the rock may be 
perceived fo far, that it ferves as a guide to the miner ; and 
in following a fterile vein, when he comes to a place where 
the rock is decompofed, he concludes that the metallic ore 
will foon be found. In Cornwall, the felfpar is frequently 
changed in the vicinity of a vein, and tin-ftone is fometimes 
diflerainated through the rock to fome diftance on each fide 
of it. 

The crofs courfes or veins which interfc& the metalliferous 
veins, frequently occafion a confiderable derangement in the 
pofition of metalliferous veins, and, what is ftill more re- 
markable, occafion a change in the quantity or quality of 
their contents. When a vein is cut through by another, 
either in its line of bearing along a country, or erodes it by 
declining in a different dire&ion, the vein which is cut 
through is fuppofed to be of more ancient formation than 
the vein which erodes and cuts through it ; but it may be 
doubted, from \arious circumftances, whether many of thefe 
veins were not formed at the fame time with the rock itfelf, 
or were fiffures paffmg through the rock in different direc- 
tions, into which the various metallic fubftances were fe- 
creted, during its confolidation. To form a more diflinft 
idea of the ftrudture of a vein and its interfedlion by crofs 
courfes, we refer to Plate IV. Geology. Fig . 4. a a repre- 
fent a rake-vein defeending obliquely ; b b> the rock ; r, c, 
the walls or cheeks of the vein ; d> an interpofing piece of 
rock, called the rider ; r, r, e , the divifion of the vein into 
numerous fmali veins or firings of ore. If the fpace at </, 
which is fuppofed to be filled with rock, were empty, or 
filled with water, it would con flit ute what is called a drufe ; 
and it is in thefe cavities or drufes that all the moft beautiful 
and regular cry ftalli/ations of the mine occur. Fig . 5. re- 
preftnts the fi ction of a rock containing a metallic vein cut 
through, and difplaced by crofs courfes or veins of another 
metal ; a a a is a vein which appears to have been once con- 
tinuous, and contains tin ; b> b , b , reprefent different veins of 
copper, which cut through the former, and have upheaved 
the lower part, and brought them nearer the furface. In 
Plate II. Geology , Jig, 10. reprefent s the ground plan or 
horizontal fedtion of a plot of ground traverfed by a vein 
and a crofs courfe ; E.W. reprefent the eaft and weft fides of 
the ground. It is in this diredlion the vein a a paffes, but 
it is cut through by the crofs vein l b , which has carried the 
weftern fide of the vein and the ground along with it confi- 
derably to the north of its original pofition. Such a fradlure 
and removal of the vein can only be conceived to have taken 
place by a lateral or horizontal motion of a portion of the 
ground. Such a motion has been frequently obferved during 
violent earthquakes. For though the ground is heaved up- 
wards, the greater refiflance which certain parts offer to this 
motion muff occafion a lateral preffure on other parts of the 
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earth’s furface, and to fuch a preffure we muft alio refer the 
remarkable contortions of the coal ftrata near Valenciennes. 
See Plate II .Jig. 9. 

Metallic veins frequently occafion a difplacement of 
the ftrata when they pafs through regularly llratified 
rocks ; and it is obferved, that when this difplacement 
ic confiderable, fo as to bring a bed of lime-ftone on 
the fame level with a bed cf fiind-ftone or ftiale, the vein 
k never fo productive as when the oppofitc fides or walk 
of the vein are in the lame kind of rock. See Plate II. 
Geology , Jig. 8. where the different ftrata a y b t r, d, e , /, g, 
reprefent different, ftrata on each fide of a vein or fault. 
If d, d y are fuppofed to reprefent parts of a bed of lime- 
ftone broken by the vein, and gg a bed of fand-ftone 
below the lime-ftone, but brought on the fame level with 
it by the upheaving of the ftrata, — in that part of the 
vein where the lime-ftone, d , and the fand-ftone, g , form the 
walls oppofite to each other, the vein will be unproductive, 
though in other parts of the diftridt, when the vein paffes 
through the fame bed o r lime-ftone, on each fide of it, at 
the fame level, it will be remarkably productive. Thefe 
faCts may be commonly obferved in the mining diilri&s of 
fchr weftern parts of Northumberland and Durham, where 
the ftrata confill of different beds of mountain lime-ftone, 
fand-ftone, and fhale. See Strata, under which article 
the fucceflion of the different beds is enumerated. 

As crofs veins generally difplace and injure the quality of 
veins, on the contrary, when eaft and weft veins in a diftrid 
meet, by a flight variation in their direction or dip, the part 
where they join is frequently very rich in ore ; and where 
a number of metallic veins crofs each other at the fame 
place, they frequently produce a hrge irregular conical mafs 
of ore of vaft extent, from which the different veins diverge, 
like radii from a common centre. The main fhaft of fuch 
a vein, which Mr. Williams, in his Mineral Kingdom, calls an 
accumulated vein, “ refembles,” he fays, “ the infide of a 
glafs-houfe ; and the vaft cajpacity of this vein is frequently 
ilored with a rich body of metallic ore, often imbedded 
in foft mineral foils ; but the veins and branches which join 
and diverge refemble rake-veins, or perpendicular mineral 
fiffures. When the ore is worked out of an accumulated 
vein, it exhibits a frightful gulf, fometimes fifty or fixty 
feet wide below, and is often worked down to a great depth 
from the furface.” A number of thefe accumulated veins 
have been worked at Pike-Law, in the county of Durham. 
Crofs courfes fometimes contain ore to a fmali diftance from 
their junction with metallic veins, and in other fituations 
they become fo rich as to be worked with advantage. The 
Botallock mine, on the fea-coaft near St. Juft, in Cornwall, 
offers a flrikiug illuftration of this, though w r e believe its 
ftru&ure has not been generally known or underftood. The 
vein which is worked is a north and fouth vein, varying in 
width from nine to twelve feet, and extending under the fea. 
The vein -{tone is quartz, with a fmali quantity of floor fpar. 
It is found to contain ore of copper and tin only in thofe 
parts where the eaft and weft veins enter it, aud for thirty 
or forty fathoms on each fide of the junction. This mine 
produces the richeft ore of copper in Cornwall, the grey 
lulphuret yielding twenty per cent, of this metal. It is de- 
fending notice, that the metalliferous veins vrhich enter this 
lode on the eaft fide and render it productive, have never 
been found on the weft fide, fo that they appear to termi- 
nate in it. The rock near the great north and fouth vein is 
a foft killas or flate, but beyond this it is a very indurated 
flinty flate. This vein may properly be confidered as a crofs 
courfe, rendered rich in ore in various parts by a number of 
fmali veins which fall into it, like brooks into a large river 
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where they are loft. The fituation of this mine is truly re- 
markable, at the foot of a precipitous cliff that overhangs 
the Atlantic ocean. If ever a fpot feemed to bid defiance 
to the efforts of the miner, it was this. At the very com- 
mencement of his labours, he was required to lower an im- 
mer.fe fteam -engine down a precipice of more than two 
hundred feet, with a view of extending his operations under 
the bed of the fea, where the workings are at prefent con- 
tinued for feventy fathoms in length and fixty-tive fathoms 
in depth. In thefc caverns of darknefs, many human beings 
for a fmall pittance, and that even of an uncertain amount, 
are conftantly digging for ore, regardlefs of the horrors 
which furround them, and of the roar of the Atlantic ocean, 
whofe boifterous waves are inceffantly rolling over their 
heads. In fome places the fea a&ually penetrates through ; 
and it is worthy of obfervation, that the water is deprived of 
a great portion of its falts; but whether this arifes from fil- 
tration, or whether fome portion of the frefti water from the 
laud percolated through fubterrancan iiffures in the rocks, 
we could not afeertain when we ylited this fingular mine. 
If the filtration be more abundant after heavy rains, it 
would prove the intermixture of rain-water. The thin crols 
courfcs filled with clay called flucan, heave the eaft and weft 
veins, and alfo hold up the water. The vein which is Vick 
j i ore on one fide of the flucan, will be poor on the other 
lide. This faft, which w r b'*l't*ve has not been fufficiently 
noticed, is well deferving attention, ::.»u would indicate that 
the prefence of water attested the contents of veins. 

Some veins contain little diverfit\ ui lh' nature of their 
contents, being tilled principally with one kind of ore or 
veiu-ftone. Other veins contain a great variety of minerals, 
without any apparent regularity of arrangement : there are 
alfo numerous veins which have a regular ftrnCturc, the dif- 
ferent minerals being arranged in parall d layers, coating 
each other: the fame fucvcfliou of diffc-mt minerals occur 
on each fide and meet in the middle, filling up therein, or 
fometimes leaving an empty fpace between. Thus calca- 
reous fpar, floor fpar, barytic fpar, lead-ore, blende, and 
grey copper-ore, form different layers over each other in the 
fame fucceflion on each fide of the vein. In the Botallock 
mine, before deferibed, copper-ore is frequently foufcd lin- 
ing each fide of the vein, and this is covered by tin ; but 
i:i other parts of the mine the tin covers the walls, and is 
fucceedcd by copper. 

Irregular F err: > . — Bolides rak'' -veins, which may be con ft - 
dered as regular, there are other veins which prefent a great va- 
riety of ftru&urc, and arc called bell ns, pipes, &c. according 
to their form. If a rake -vein be regarded as a tubular mafs of 
mineral matter inlerfetuig mountains; if this vein become 
irregular, and have its fidcs doled, or,, as the miner; call, 
twitched in, it forms what they denominate a pipe- vein, or 
mafs of ore and vein-ilone lometimes of a tubular fhape, de- 
fending to a confiderabh* diftance lik** a pipe. In other 
inftances, the lides are clofcd in both above and below, as 
well as on the Tides, inelofing what the miners rail a Icily, or 
mafs of ore of confiderable magnitude. Sometimes a lmall 
rib of ore is continued through that part of the rock where 
the lides of the vein are twitched in, until the vein expands 
again and produces another inafo of ore. In fome inftauces 
there is no ore between, a rib of vein-done or rider of 
clay being carried through the* narrow pari or twitch of the 
vein, but many of thefc twitches contain neither ore, clay, 
nor rider. In fuch cafes, it becomes exceedingly difficult 
to follow the vein through the rock, to where it opens out 
again. 

The veins in general do not clofe fuddenly, but the fades 
gradually approach each other, and the ore terminates' in the 


form of a wedge at the twitch . 

Thefe contractions or twitches are of various lengths, and 
no miner can tell, when the vein is fo fqucczcd in, how 
many fathoms he muft pafs through before it opens again, 
uulefs the fame twitch has before been cut through above 
or below the part where he is working. The intervening 
fpace between two ninfles of ore is called a bar , and fome- 
timefflextcnds ten, twenty, or even a hundred fathoms or 
more ; and when it is cut through, the ore makes its ap- 
pearance, and begins gradually to widen and form another 
mafs or belly. When one of thefc bellies of ore proves 
pure and folid, it generally happens that all the contiguous 
bellies prove fo in the fame vein. According to Mr. Forfter, 
inftauces have been known of eight hundred lings of ore 
being raifed by fix miners from one of theie bellies in the 
fpace of nine weeks. 

When the matrix in thefe large bellies of ore is foft, the 
ore is generally found* in a globular form, more or lefs irre- 
gularly imbedded in the foft materials, and thefe globular 
iiiaJfb’S of ore arc of various dimenfions. It is no uncommon 
Thing to find the foft openings in this kind of vein fwell to 
an enormous width, lo as to make it difficult to find the 
ical Tides of the vein. Working thefe veins is the moll 
difficult part of mining, as there is no proceeding a foot 
without adv, i.m.g timbers as fe a.- tiny go, iv I he junn ot 
a paffage in a houfe, compofed of two fide-pofts, a lintel 
and a lole. The miners (land within this fquare frame, 
where they work and ereft more timber as they proceed. 
It frequently happens that the ore is fo plentiful and rich in 
this kind of metallic repository, as abundantly to compen- 
fatc for all the labour and expence. 

Flat Vdrs and Beds . — When a vein runs parallel with the 
ilrata, it is called a flat vein, if the Itrata are foft, and the 
metallic matter is widely chllrihuUd, fuels veins do not differ 
from beds being regular beds or Itrata impr gnated with 
metallic matter. When flat wins run between hard Ilrata, 
they are alfo liable to contractions, or twitches, ard again ex- 
pand, forming pipes or tubefe mail's of ore, which c\teud 
in an inclined pofition, having th * fame dip as the ft rat.*. 
Flat veins may be diftinguidv'd from beds by tin* charac- 
ter ; proper fiat veins appear to be openings between the 
ilrata which have been filled with metallic matter from a 
rake-vein, or are at fell eonne£ti*d v’th it, as they feldorn 
are productive of ore, except in the vicinity of the vein ; 
whereas beds are regular ilrata, having the fame elevations 
and depreffions as the other ilrata in a mountain, but con- 
taining metallic matter more or lefs abundantly fettered 
through them. Iron ores and ores of mauganeie frequently 
occur in bed*, forming regular parts or layers of the moun- 
tain Other metallic ores, which occur lefs frequently and 
abundant!} in beds, are, we believe, for the molt part veins 
which have taken the courfe of the fofter bed* and diftri- 
buted their contents through them. It is well known, that 
when a vein defends through Ilrata of different kinds of 
rock, it grows wider in the ibft Ilrata, and contrails in the 
harder beds of rock. 

The metalliferous beds in Cumberland appear, in many 
iiiftanrps, to be foft beds, rendered produ&ive of ore by a 
number of fmall veins running through them. There are 
few metallic beds in England, except in that county. Man- 
ganefe occurs in beds in red* fand-ftone in the vicinity of 
Exeter, but the metallic matter decreafes as the beds dip 
from the furface. Metallic beds, in primary countries, oc- 
cur moll frequently among the fchittofe mountains, com- 
pofed of gncils, mica-flate, and date. (See Rock.) It is 
obferved, that the ores and minerals which occur in beds 
urefeldom cryftallized, as thefe beds contain few drufes or 
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cavities to admit the formation of cryjials. The minerals 
in beds are accompanied with garnet, a&inolitc, and horn- 
blende, which never occur in rake-veins. See Garnet, &c. 

Stock-worke . — When a rock is eroded and penetrated by 
a great number of fmall veins in every direction, the whole 
mafs is worked as an ore, and is called by the Germans a 
flock- worke, or werke, the rock being afterwards feparated 
from the ore by pounding and wafhing, in the fame manner 
as the vein-flone is cleared from the ore in other mines. 
When the ore is difleminated in particles through the rock, 
fuch rocks arc alfo worked for the ore when it exiils in fuf- 
ficient quantity. In f> »mc inflances, mafTes of ore of great 
magnitude arc found imbedded in rocks, without any ap- 
parent connexion with veins, which mafles mult have been 
formed at the fame time with the rock itfelf. 

Rocks and ft rata are fome times penetrated by metallic 
lalts or oxyds, diffufed through the Ttiafs in the fame manner 
as we frequently obferve ftrataof fand-flonc abounding vs it K 
the red ox yd of iron. Where the metals are valuable, fuch 
impregnated rocks or flrata are fometimes worked as ores. 
At Aldcrlcy Edge, a hill near Macclesfield, in Cbeihire, the 
fand-flone, which is in fome parts a kind of breccia, is im- 
pregnated witli the black oxyd of cobalt, with the car- 
bonate and oxyd of copper, and with pai tides of lulphurei 
and carbonate of lead, and has formerly been worked for 
the lead and copper, and more recently for the cobalt. 
Mr. Williams, in his u Natural Hiftory of the Mineral King- 
dom,” describes a lingular Itratum of Hone near Loffymouth, 
in the Ihire of Moray, of about eight feet thick, which is 
compofed of feveral fpecies of hard and fine Hones of various 
beautiful colours. “ This Hratum is a kind of pudding-Hone, 
in the compofition of which there is blended about an eighth 
part of good blue lead- ore or galena. 

“ This curious bed of Hone is nearly horizontal, but dips 
away with an eafy Hope towards the north of the Moray 
Frith. The lead is found in larger and fmaller grains and 
flowers, blended through the whole body and compofition 
of the Hone, in the lame manner as the fmall mafles of 
agates and coloured cryllals, and other fpecies of Hone, are 
found blended through the whole body of the Hratum.” 

Where metallic ore is thus intermixed with fragments of 
rock forming a conglomerate or breccia, it may probably be 
referred to the fame kind of metallic repofitory as Hream- 
works, (fee Stream -Works,) in which particles and mafles 
of ore are intermixed with loofe pebbles and fand, forming 
beds at the bottom of valleys, or on the fea-lhore, the me- 
tallic matter, as well as the pebbles, being derived from the 
difintegration of rocks containing metallic veins ; but in the 
inllance cited by Mr. Williams, the parts have become united, 
forming a folid Hratum. 

The manner in which metallic veins were filled with ore 
has greatly divided the opinions of geologifis. George 
Agricola, a Saxon, who died in 155?, appears to have been 
the firH writer who had any difiindt knowledge of the firuc- 
ture of metallic veins, which he publilhed in a work entitled 
“ De R6 Metallica,” and another work entitled u Berman - 
nus.” His theory of veins is in fome refpe&s fimilar to that 
of Werner, which has lately excited much attention. Accord- 
ing to Agricola, the rents or fiflures which are filled with 
metallic matter were partly formed at the fame time with 
the rocks themfelves, and partly afterwards, by the waters 
penetrating the fofter parts ; fo that where there has been a 
larger quantity of water, or where the fubfiancc of the rock 
has been much foftened, there the largefi fiflures occur. 
With refpe& to the earths and Hones found in veins, he con- 
ceives the former to have been detached from the rocks and 
carried into the veins by water ; the latter he confiders as 
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anting from the earthy matter, hardened partly by change 
of temperature and partly by a lapidific juice. Minerals and 
metals he regards as being depofited from a folution in water, 
containing the earthy parts intimately mixed and combined 
with it in certain proportions. The folution of thefe mi- 
neral fubfiances he conceives to have been greatly promoted 
by heat, on the abfira&ion of which they aflumed their pre- 
fent folid form ; the precious metals being the refult of a 
more pure and perfe& folution. 

Becher, in his “ Phyfica-Subtcrranea,” publilhed in 1669, 
aferibes the formation of metals and minerals to certain fub- 
terranean vapours which arife from the bowels of the earth, 
and penetrating the fubfiance of veins, produce a peculiar 
change in the earthy or Hony matter they meet with. He 
regards the earth as a hollow body, filled with clay, water, 
fulphureous and bituminous fubHances, from which arife 
certain exhalations that form the metals. The celebrated 
German pliylician Stahl, confiders Veins, as well as the fub- 
Hances they contain, to have been formed at the fame time 
with the earth itfelf, and of courfe as being contemporaneous 
with the rocks they llterfed ; but he is difpofed to attri- 
bute fome efle& to the atlion of air and other caufcs. 

Henkel, in his “ Pyritologia,” has given an ingenious theory 
of the formation of metallic veins, which has been adopted, 
with certain modifications, by fome later geologiftg : he attri- 
butes the formation of ores to a peculiar exhalation pro- 
duced and engendered by fermentation, fuppofed by him to 
take place in the interior of rocks. The baiis of each ore 
and mineral he fuppofes to exill in the fubfiance of the 
rock, and by a peculiar procefg of nature it is matured and 
converted into the metal. He does not venture to aieertain 
the nature of thefe bafes, but in one paflage lie treats of 
fubtle earths, in another of mercurial, arfenical, and ful- 
phureous parts. Thele three lafi he probably confidercd 
conilituent parts, and the metals as compounds. Air, 
water, and fire, are fubHances, according to this mineralogifi, 
of which Nature avails herfelf in the formation of metals. 
He alfo fuppofes certain kinds of earths and Hones to exill, 
which ferve as the matrix for others, and which are indif- 
penfably neceflary in the formation of minerals. 

Zimmerman, the pupil of Henkel, is the firlt mineralogifi 
who confiders veins to have been formed by a transformation 
of the fubfiance of the rock. Minerals, he fays, are un- 
doubtedly formed in the rock ; but daily experience fhewj. 
that the rock is not of itfelf capable of forming a metal, for 
were the mineralizing principle capable of converting it into 
a metal, we fhould find whole mountains which had under- 
gone this change. But this change is only met with m 
certain directions, where the part of a rock, being thus trans- 
formed, confiitutes veins. Thefe veins, when they have not 
fullered an entire change, or when they do not contain perfect 
metals, are Hill of a different nature from the reff of the 
rock. An attentive examination will fliew that they are of 
a decompofed and friable nature, appearing to have a ten- 
dency to return to this natural earthy Hate, from which wc 
may conclude that thefe veins were originally the fame as 
the rock, but that their texture had been altered and de- 
compofed by fome particular faline fubfiance, which pene- 
trated the rents and fiflures, and had rendered them fit to 
be transformed into minerals. 

Before noticing the theory of Von Oppel, which has finer 
been adopted by Werner, we lhall Hate the opinions of thofe 
geologifis who, with Henkel and Zimmerman, fuppofe that 
veins have been filled by local caufes which may Hill continue 
to operate ; whereas Von Oppel and Werner conceive that 
they were formed by a general caufe, the operation of which 
ceafed before the prefent Hate of the globe. Lehman, in his 
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treatife on the matrices of metals, publifhed in 1 753* fays* 
“ the veins which we find in mines appear to be only the 
branches and fhoou of an immenfe trunk, which is placed at 
a prodigious depth in the bowels of the earth, but in confe- 
quence of its great depth we have not been able to reach the 
trunk. The large veins are its principal branches, and the 
inferior ones the twigs. What I have faid,” he adds, “ will 
not appear incredible, when we confider that the bowels of 
the earth are, according to every obfervation, the workhoufe 
where Nature carries on the manufacture of the metals ; that* 
from the beginning of the world, (he has been working at, 
and elaborating their primitive particles ; that thefe particles 
iffuc forth, in the form of vapours and exhalations, to the fur* 
face of the globe through rents, in the fame manner as the 
fap rifes and circulates through vegetables by means of the 
veffels and fibres of which they are compofed.” 

The latter part of the theory of Lehman, which fuppofes 
that changes are now taking place in the interior of the globe, 
by which metallic ores are ftill forming, has been fupported 
by many geologifts, who have had opportunities of extenfive 
obfervation. Mr, Von Trebra, fub-dire&or of mines in 
Saxony, in his work entitled “ Obfervations on the In* 
terior of Mountains,” advances a theory nearly fimilar to 
that of Zimmerman, and agreeing in part with Lehman. 
From the third letter of that work we make the following 
extra A. 

“ In explaining the phenomena which are obfervable in 
the interior of mountains (it mull however be remembered, 
that I do not include fuch as are evidently of volcanic origin), 
I do not avail myfelf of thofe great caufes which, by their 
magnitude, the fuddennefs of their a&ion, and by their cfTeCls, 
produce fudden changes which take place under our eyes, 
fuch as fubterranean fires, earthquakes, and the like. I 
refer thefe phenomena to natural caufes, which, though lcfs 
evident and flower in their operation, are no lefs certain of 
producing a radical transformation. Of this kind are putre- 
faction and fermentation. It is of little confequence by 
what name we diflingutfh this peculiar aftion exerted by 
Nature in the mineral kingdom ; it confifts in an inteftine 
motion in the central parts of the globe, and appears to be 
produced by water combined with heat in different degrees 
of intenfity. I obferve fuch changes ftill going on, and can 
conceive them to continue fo long as the fame feries of opera- 
tions exift in nature. I am perfuaded that there is conftantly 
going on in our mountains a variety of transformations, com- 
pofitlons and decompofitions, which not only take place at 
prefent, but will continue to the end of time. 

“ Fermentation, if I may be allowed to call by that name 
this quality which a&s by infenfible degrees, produces 
the moft perfedt transformations in the bowels of the earth ; 
fermentation I fay may, according to my theory, alter the en- 
tire mafs of a mountain ; it may convert granite into gneifs, 
as this laft only differs from the former in its ftrudlure, which 
is flaty or fchiftofe 5 gneifs indeed has no other diftindlive 
character than itsftru&ure, namely, the regularity andparal- 
lelifm of its beds, and in fome places a aecompofed felfpar 
approaching to clay. This fermentation may alfo convert 
greywacke into an argillaceous fchift, which laft may again 
by induration become jafper, when this procefs is either di- 
minifhed or ttopt. By it, alfo, quartz may be converted into 
clay, calcareous fubftances into quartz, and the whole mafs 
of a mountain into inflammable or faline matter, or even 
into ores, metals, or femimetals. To it I aferibe the power 
of producing, preferving, and continuing to form the differ- 
ent beds and mineral repofitories, which are found both in 
primitive and fleet z mountains : finally, the effedts which the 
waters produce in filtering from above to below, and which 
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in their paflage through the different rocks may undergo 
fome peculiar modification, appear to me the principal caufe 
why this fermentation may adl with more force in one part 
of the fame mountain than in another.’ * 

Patrin, a celebrated French mineralogift, confiders the 
changes taking place in the mineral kingdom, as effe&ed by 
a procefs fomewhat fimilar to fecretion in the animal and 
vegetable kingdoms, and aferibes a kind of mineral life to 
the earth itfelf, differing perhaps as much from vegetable life 
as the latter differs from that of animals. According to 
this theory, each kind of mineral fubftance is capable of con- 
verting maffes of mineral matter into its own peculiar nature, 
as animals convert their aliment into flefli and blood. What- 
ever may be thought of this theory, we believe that thofe 
who are moft pradtically converfant with the various phe- 
nomena and tranfmutations that occur in mines, will readily 
admit that many changes are taking place, which cannot be 
explained on any known chemical or mechanical principles, 
and which bear a ftrongrefemblance in their effedts to the pro- 
cefs of fecretion. Nor can it, even in the prefent ftate of che- 
mical fcience, appear improbable that the different earths and 
metals may be converted into each other by natural proceffes. 
The different beds of rock interfered by metallic veins, are 
themfelves metallic fubftances combined with oxygen $ or, in 
other words, ail the rocks and ftrata which form the earthy 
parts of the globe, confift of oxygen combined with metallic 
bafes ; and as thefe metallic bafes may perhaps be compounded 
of the fame elementary parts united in different proportions, 
the tranlmutation of one earth or metal into another, may 
be effedted by a fimple change in the arrangement of the 
elementary molecules. 

The theory of veins propofed by Von Oppel, and in part 
fupported and extended by Werner, fuppofes veins to have 
been fiffures originally formed by the deficcation of moun- 
tains, and the fhrinking in of the mafs. Thefe fiffure*, 
being open at the top, were afterwards filled with their con- 
tents by metallic folutions poured in from above. Moun- 
tains, according to Werner, have been formed by a fuc- 
cefiive accumulation of different beds and layers, placed or 
heaped over one another. “ The fubftance of thefe beds was 
at firft wet, and poffeffed little folidity ; fo that when the 
accumulation of matter had attained a certain height, the 
mafs of the mountain yielded to its weight, and muft conic- 
quently have funk and cracked. As the waters which 
aflifted in fupporting the mafs began to retire, and lower 
their former level, thefe maffes then loft their fupport, and 
yielded to the a&ion of their weight, opening, and falling to 
the fide where the leaft refiftance was oppofed. The ftmnk- 
ing of the mafs of a mountain produced by deficcation, and 
Hill more the frail urcs by earthquakes, and other fimilar 
caufes, may alfo have contributed to the formation of 
fiffures. 

“The fame precipitation, which in the humid way formed 
the ftrata and beds of rock, furni/hed and produced the 
fubjiance of veins . This took place when the lolution, from 
which the precipitation was formed, covered the exifting 
rent 6 , which were as yet wholly or partially empty, and 
open in the upper part. Veins, whether confidered as 
rents, or as the fubftance conftituting the vein, have been 
produced at very different times ; ana the antiquity or re- 
lative age of each can be eafily determined.” 

Such, in Werner’s own words, are the great outlines of 
his theory, a theory which we conceive to be decidedly op- 
pofeef by all the moft ftriking appearances exifting in the 
mineral kingdom, and equally oppofed to the fimpleft 
known and acknowledged laws of nature. If metallic veins 
were once open fiffures, filled by precipitations from a folu- 
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tion that covered the whole globe, with the higheft moun- 
tains in which metallic veins are found ; it is obvious that 
thefe metallic precipitations would be molt confiderable in 
the lower parts of the furface, in valleys and plains, where 
the fluid mult have been much deeper than on the fummits 
and fides of mountains. We ought, therefore, to find 
thick beds of metallic matter covering and incrulting the 
low and level parts of the globe ; but nothing is more rare 
than to find beds of metallic matter in low plains. Where 
beds of metallic matter exift, it is always in comparatively 
high countries, abounding in veins ; and it is much more 
probable that the beds and veins were formed by local 
caufes, and not from a folvent covering the whole globe. 
The metallic parts of this metalliferous ocean muft have 
pofleffed the greateft fpecific gravity, and inttead of floating 
on the top of the fluid, to be depofited in the fiflures of 
lofty mountains, it would have defcended by the laws of 
gravity, forming crufts of different degrees of thicknefs 
from the bottom to the top, increafing downward. The 
reverfe of this is the fa&. It is principally in alpine dif- 
tri&s, and at enormous heights, that metallic matter is ac- 
cumulated in the greateft abundance. It is in the heights 
of the Cordilleras of Peru that the produftive mines of ro- 
tofi are fituated : it is in the fame chain of mountains, more 
than 14,000 feet above the level of the fea, that the pro- 
digious mafs of mercurial ores is found at Guanca Velica, 
where, in the fpace of two centuries, more than 15,000 
quintals of this metal have been procured. 

But the fa£s moft oppofed to the theory of Werner are 
thofe wh»ch we have ftated, namely, that when a metallic 
vein pafies through different ftrata, the mineral fubflances it 
contains generally vary in ^ach ftratum, either in kind or 
quality. So netimr^ an entire change takes place, as from 
tin to copper or had ; in other inftanccs, the vein will con- 
tain tV> fame kind of 01 f in the different ftrata, but it will 
b.' invariably clur or poorer in fome of the ftrata than in 
others, and there will be certain ftrata in which fcarcely any 
ore occurs. Vcrv frequently where the fame kind of me- 
tallic matter is contained m the vein, it will be mineralized 
or comh’t.jd with different fubftances, as the vein paffes 
through different bode : thus we find a metallic fulphunet 
more prevalent in one part, and a metallic fait or oxyd in 
another part of the vein. 

In Derbyfhire, where the veins of lead pafs through dif- 
ferent beds f f mountain lime-ftone, which alternates with 
beds of bafaltic amygdaloid, provincially called toad-ftone, 
it is found that tlr* vein fcarcely ever contains lead as it 
paffes through *he toad-ftone, where it is always much nar- 
rower, nd *n fome places appears to be entirely cut off by it ; 
but on nuking into the urder beds of lime-ftone, the vein is 
found again, and 3 as produ&ive as in the upper beds. 
Where the vein can be traced through the toad-ftone, it 
contains calcareous fpar, and fometimes a few particles of 
lead -ore. If veins hac been filled from above by metallic 
folutions, it is 'mpoflible to conceive that the nature of the 
rock could change the quality of the ore ; much lefs could 
the ore disappear in one ftratum, and appear again in a 
ftratum below it. Profcffor Jamefon, in a paper publifhed 
in the Memoirs of the Wernerian Society, has attempted to 
explain the difficulty prefented by the interruption of the 
veins in Derbylhire, on the fuppofition that the different 
beds of lime-ftone and toad-ftone, together with the metallic 
veins, were contemporaneous, and that the toad-ftone cut 
through the veins at the period of their formation. On this 
hypotnefis, Mr. Bakewell, in bis Introduction to Geology, 
remarks : u The exiftence of different organic remains in 
the upper and lower beds of the mountain lime-ftone in 
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Derbyfhire, precludes the poffibility of thefe beds having 
been all formed at the fame time. The zoophytes in the 
lower beds of rock could not be living and co-ex iftent with 
the fhell-fifh in the upper, nor with the vegetables, the re- 
mains of which are occafionally found in the fand-ftone that 
covers the whole, and into which the veins fometimes (hoot. 
Cuvier has well obferved, that the exiftence of different or- 
ganic remains in the upper and lower ftrata offers incon- 
teft ; ble proofs that they were formed in fucceffion over each 
©tner.” In point of fa6t alfo, the veins arc not always 
cut off by the toad-ftone ; but they are never productive 
of ore, where they pafs through it, except in very fmall 
partices. 

Thefe fads are not lefs oppofed to the igneous theory of 
metallic veins than to that of Werner. If metallic veins 
had been filled with their contents by the operation of fub- 
terranean fire, which cracked the furfacc, and inje&cd the 
metallic matter in a ftate of fufion, it is i mpoflible to con- 
ceive that the nature of the rock, through which the veins 
pafs, could have produced any material change in the quality 
of the ore. Metallic ores may, in fome inftances, have 
olch formed (lowly by exhalations from fubterranean fires ; 
*.0 fpecular iron-orc, and even gold, has been found in the 
* raters of volcanoes $ and the phenomena, jgrefeuted by the 
lava which deftroyed Torre del Grecco w 1794, indicate 
the manner in which fuch ores are formed. The lava had 
buried entire houfts for more than twelve months, at the 
latter end of which time it had confiderably cooled ; and 
when the houfes were opened, pieces of iron were found 
converted into a ftate of black, red, and magnetic oxyds, 
having the hollow part* and interfticea filled with a brownifli- 
red tranfparcnt oxyd of iron, and with fpecular iron-ore. 
In the articles made of iron, which had undergone this 
change, the external form was fcarcely altered, which 
evinces that the cryftals had been produced by fublimation. 
Copper articles were changed into cryftallized red oxyd of 
copper, and red oxyd with green and blue carbonate. 
From the abfencc of metallic fulphurcts, it is inferred that 
the lava contained little, if any, fulphur. Thefe changes 
(hew that metallic matter may be fublimed and converted 
into the (late of ore by fubterranean heat, at a much lower 
degree of temperature than has been fuppofed. 

There is a ci r cumftanc‘ > on which thofe who contend foi 
the aqueous formation of metallic veins have laid much 
ftrefs. In fome inftanccs, rounded pieces, of (tone, appa- 
rently refembling water-worn pebbles, have been found in 
mines at a confiderable depth ; blit as many veins contain 
hollow fpaces, through which water is continually running, 
the formation of pebbles might admit of a fatisfa&ory ex- 
planation, without fuppofing that thefe pebbles had fallen in 
from above. The pebbles which v/e have feen of this kind, 
from the mines in Cornwall, are all of a chlorite fchiftus, 
and the form oblate, prefenting the appearance which may 
frequently be obferved in rocks of the fame kind. It is in 
all probability an original formation, and not a breccia from 
pre-exifting rocks. 

There is another circumftance which appears to have 
efcaped the attention of geologifts. The water in the mines 
of Cornwall, particularly in the vicinity of copper veins, 
has a temperature confiderably above that of the natural 
temperature of the earth : it is laid to be at 70° Fahrenheit ; 
and the working miners, from its fenfible warmth, can pre- 
dift with certainty the vicinity of a copper vein. The in- 
creafe of temperature, if any, in the vicinity of tin veins is 
lefs fenfible. 

From hence, as well as from various appearances in mines, 
we are led to infer that there are certain chemical changes 
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now going on in the interior of the earth ; and it is from a 
more enlarged acquaintance with thefe phenomena, that we 
can alone expert to obtain a fatisfa&ory theory of the form- 
ation of metallic veins. 

The following is a fummary account of the rocks and 
fituations in which metallic ores are generally found. 

Platina, and the recently difcovered metals, palladium, 
rhodium, ofmium, and iridium, have not been hitherto 
found in veins, but in the fands of rivers. The four latter 
metals are found as alloys in the grains of platina. Sec 
Platina, Palladium, &c. 

Gold and filver arc found in veins, and diffeminated in 
primary and tranfition rocks, in porphyry, fienitc, and the 
lower fand-ftonc. Gold has been occalionally difcovered in 
coal, and is very abundantly difieminated in the fands of 
fome rivers. See Gold and Silver. 

Mercury is found in flute, in lime-ilone, and in fecondary 
ftrata. See Merc um. 

Copper occurs in veins and beds in primary and tranfition 
rocks, in porphyry and iiemte, and occafionally in fand- 
ftonc. Mattes of native copper, of large ftze, are found on 
the furface of the ground, in the interior of North America. 
See Goiter. 

Lead and zinc occur in veins, and diffeminated in primary 
and tranfition rocks, except trap and ferpentine, in the 
lower fecondary ftrata, and in porphyry and lignite. See 
Lead and Zinc. 

Antimony occurs in veins in primary and tranfition moun- 
tain?, except trap and ferpentine. 

Bifmuth, cobalt, and nickel, occur in primary and tranfi- 
tion mountains, except lime-ftone, trap, and ferpentine. 
Cobalt and nickel alfo occur in tranfition mountains, and in 
fand-ftone. See Bismuth, &c. 

Arfenic occurs in veins, cither as a fulphuret or mi- 
neralizer of other metals, in primary and tranfition moun- 
tains, and in porphyry. See Arsenic. 

Tellurium occurs in veins in porphyry, combined with 
gold. See Tellurium Mints . 

Manganefe occurs in beds and veins in primary and tranfi- 
tion mountains, and in beds, and difieminated in red fand- 
ilone. See Manganese. 

Molybdena, tungften, and titanium, occur in granite, 
gneils, mica-llatc, and argillaceous fchiftus. Thefe metals, 
with chromium and cerium, are very rare, and car. only be 
reduced to the metallic ftate with great difficulty. See 
Molybdena, &c. 

Mineral veins differ from metallic veins, being deftitute 
of ores, and filled with the fame fubftances which compofe 
entire rocks, or with earthy minerals. 

Quartz veins (fee Quartz' refemble in their ftru&ure 
and pofition many metallic veins ; and it not unfrequently 
happens that a vein, which contains metallic ore in one part, 
intermixed with quartz and other vein-ftones, will, in an- 
other part, be entirely tilled with quartz. Quartz veins 
interfedt almoft all primary and tranfition rocks, but are 
particularly abundant in rocks of argillaceous fchiftus and 
greywacke. (See Rock.) The quartz in veins is moft 
frequently white, and nearly opaque ; and being much 
harder than the rocks which it interfedts, it remains on the 
fummits of mountains, after the furface of the rock is de- 
composed, until it is carried down by diluvial currents into 
the beds of rivers, where it becomes rounded by attrition, 
and is tranfported to diftant diftridts. Moft of the white 
quartz pebbles in England have probably been formed from 
the quartz veins of decompofed rocks, as no quartz of a 
fimilar kind exifls as a rock in any part of England or 
Wales ; but the fame mineral abounds m veins. 
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Granite, argillaceous fchift or flate, porphyry, green- 
ftone, pitch-ftone, bafalt, and various other rocks, fre- 
quently form veins in mountains of the fame kind with 
thcmfelves, or in different rocks. Where a vein of one kind 
of rock interfedts a rock of a fimilar kind, the fubftance of 
the vein generally differs from that of the rock in texture, 
colour, and other charadters. The granite in veins, which 
paffes through granitic rocks, will generally be coarfer or 
finer grained than the rock which it paffes through, and 
have the conftituent parts differently mixed. The followers 
of Werner affert, that veins which contain rock fubftances 
have been filled from above by matter poured into the fif- 
fures, and that the granite in veins is of a' fecondary form- 
ation. They further maintain, that the lower rocks, which 
they confider as the older, never rife into the upper rocks in 
the form of veins. In oppofition to this opinion, it has 
been difcovered that veins of granite, in Cornwall, may be 
diftindtly feen riling into the fenift or killa* which cover**, the* 
granite rocks in many parts of that county, particularly at 
St. Michael \s mount, eaft of Penzance, and at Moufehole, 
two miles weft of that town. Where the jiuidtion of the 
granite and fchift is expofed by the adtio ; of the fea, vein® 
of the former rock may be triiced, at low water, running 
in a zigzag form for many yards into fchift, gradually 
growing narrower, and terminating in fmall branches and 
firings. One cireumllance we obferved in thefe grawi* 
veins at Moufchole, which may deferve notice : the fame ve : *' 
which penetrated the fchift, when it entered the granite, 
was different in texture from the granite rock, though h 
had the fame conftituent parts ; it might be diftindtly traceo 
for a con fi durable diftance into the granite. The granite 
alfo, in the vicinity of the fchift, was fmaller grained than 
the general body of the rock; and the fchift, where in 
iundtijn with the granite rock or granite veins, was changed 
to a kind of very fine-grained gneifs. Thefe fadts feem to 
indicate that both the granite and the fchift, to a confider- 
able diftance from their jur.ftion, had been in a foftened 
ftate at the fame time, and that their consolidation was con- 
temporaneous. Similar appearances, with an intermixture 
of veins of fchift in granite, arc prefented at Glentilt, and 
other parts of Scotland. Veins of granite, porphyry, or 
fchift, never penetrate the upper fecondary ftrata ; but veins 
of bafalt ai.J trap (fee Thar) have been found in every 
kind of rock, even penetrating chalk. Thefe veins are 
fometime* of vaft extent and width, and frequently occafion 
great difocations and derangements in the ftratified rocks, 
particularly in the coal ftrata, where they have been moft 
obferved: hence they are called faults. (See Fault and 
Strata.) The diflocation of the ftrata by a vein of this 
kind is reprefented in Plaie II Geology, jig. 8, where the 
different ftrata, c, d , e 9 f,g 9 on the left-hand fide, are fepa- 
rated from the correfponding ftrata on the right, and con- 
fiderably elevated. 

As the veins of trap or bafalt are nearly vertical, and 
often feveral yards in width, and the fubftance with which 
they are filled being frequently harder than the ftrata 
which they interfedt, thefe veins remain when the furface 
is decompofed to a confiderable depth, rifing like a wall or 
fence, which, in the language of North Britain, is fynom- 
mous with dyke; hence fuch veins have been called dykes f 
or *whin~dyke$ 9 the term whin-ftone being ufed to denote 
bafaltic rocks. (See Whin -stone.) Bafaltic veins, or 
whin-dykes, vary in width from a few inches to feveral 
yards, and are fometimes more than one hundred yards wide. 
They often extend \nany miles in length ; in other inftances 
they terminate at fhorter diftances, forming irregular wedge- 
fhaped maffes. When bafaltic dykes are of confiderable 
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width, the bafalt is interfered by fiffures ; and fometimes the 
central parts and fometimes the fides are harder or fofter 
than the other ; and in fome parts the bafalt graduates into 
a dark ferruginous clay. MafTes of bafalt from the dyke 
are frequently found wedged in between the ftrata, extend- 
ing to fome diftance : and where bafaltic dykes interfedt 
coal llrata, the coal in the immediate vicinity of the dyke 
has frequently the appearance of being charred. At Cork- 
field-fell, in the county of Durham, the coal ftrata are cut 
through by a bafaltic vein or whin-dyke, which is about 
feventeen yards wide. Where it comes in contad with the 
coal, the latter fubftance, for feveral feet, is converted into 
a pulverulent ftate, like foot. At a greater diftance from 
the bafalt, the coal is reduced to a coke or cinder, which 
burns without fmoke, and with a clear durable heat. At 
the diftance of fifty feet from the bafalt, the coal is found 
ir. the ftate of common mineral coal. The roof over the 
coal is lined with bright cryftals of fulphur, probably fub- 
limcd by heat from the pyrites common to coal. In thefe 
aopcarances we recognize every circumftanee which might 
b* expected from the agency of heat, but which would be 
t xtremely difficult to reconcile with the aqueous formation 
of bafalt. We have feen fimilar appearances near bafaltic 
dykes in Northumberland. The vein, or dyke, of bafalt 
at Cock field -fell, is part of the longeft dyke which has 
been traced in England, or perhaps in any other country. 
According to the defeription of it in Mr. Bakewell’s ln- 
troduAion to Geology, “ it extends from the weftern fide 
of Durham in an eaftward dire&ion, to Bewick in York- 
fhire, crofting the river Tees at this place, and proceeding 
in the fame dire&ion through the Cleveland hills, in the 
Eait Riding of Yorkfhire, to the fea-coaft between Scar- 
borough and Whitby. It rifes to the furface, and is quar- 
ried, in many parts of its courfe, for ftone to repair the 
roads. It erodes the turnpike near the feven inile-ftone 
from Whitby to Pukering, where there is a quarry funk in 
it. The vein, or dyke, is here about ten yards wide ; the 
ftone is a dark greyifh-brown bafalt, and is the principal 
material for mending the roads in the diftrid called Cleve- 
land. The extent of this dyke has been traced in a direA 
line about feven ty miles. In its courfe it interfeAa the 
metalliferous lime-ftor\e of Durham, the coal dillriA, and 
the aluminous fchiftus. The circumftances attending this 
and other cx ten five dykes, which have not hitherto been re- 
garded by geologifts, completely in\ Jidatc,” fays Mr. Bake- 
well, “ the theory, that thefe dykes were originally open fif- 
fures, formed by the drying or ftirinking in of the rocks. 
As the different rock formations through which it pafles 
contain different organic remains, they mull have been 
formed in fuccefiion at different periods, and the metalli- 
ferous lime, with the lower ftrata, muft have been con- 
solidated long before the upper ftrata were depofited ; 
and the caufes which might difpofe the upper ftrata to 
fhrink and open, cannot be fuppofed to aA on the lower 
rocks. It is alfo remarkable, that the width of this vein 
is more than twenty yards in the lower rocks on the w r cft ; 
but in the upper rocks it is not more than ten yards. The 
dyke muft have been filled with its contents at the time of 
its formation, otherwife it would contain fragments of the 
rocks which it interfeAs. As it pafles through the lime- 
ftone, it lias rendered it more cryftalline in its vicinity, and 
the effeAs in charring the coal, before deferibed, point to 
fubterranean fire as the original caufe of its formation, and 
as the fource whence the bafalt that fills it was fupplied. 
The clofe refemblance between the bafalt and compact lava, 
add probability to the opinion that this great dyke was 
originally formed by an expanfive force operating from 
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below, which opened a chafm in the furface of the earth, 
and ejeAed the contents in a ftate of fufion. A volcanic 
dyke was formed on the weftern fide of Vefuvius, June 12, 
1704, two thoufand three hundred and feventy-five feet 
in length, and two hundred and thirty-feven feet in breadth, 
through which lava rofe to the furface. This lava, when 
cooled, formed a wall of ftone interfeAing the former beds 
of lava, and conftituting a real dyke. The ftone lias a dark- 
grey colour, and is in fome partB fo compact as to refemble 
horn-ftone.” Sec Volcano. 

The effects of bafaltic veins on the contiguous parts of 
the ftrata of fand-ftone which they interfeA, are no lefs re- 
markable. In fome inftances, the fand-ftone appears very 
confiderably indurated, and converted into a fubftance refem- 
bling horn-ftone. 

It is obferved by Mr. Allan, TranfaAions of the Royal 
Society of Edinburgh, vol. vii. that the fand-ftone which is 
thu3 indurated, contains calcareous earth, which appears to 
have promoted its femi-vitrification ; but where the fand- 
ftone remains unchanged in the vicinity of a dyke, the cal- 
careous earth is wanting. Sir G. Mackenzie obferved 
bafaltic dykes in Iceland, the walls or fides of w'hich were 
lined with a glaffy fubftance refembling obfidian. Thefe 
effects offer further illuftration of the igneous origin of 
bafaltic veins. A very interfiling account of the efleCt 
produced by bafaltic veins on the different bed3 of rock at 
the Giar)ts , Caufeway, and on other parts of the fame 
range on the north coaft of Antrim, is given in the third 
volume of the TranfaAions of the Geological Society. 

Various beds of columnar bafalt, argillaceous lime-ftone, 
and chalk, are interfered by perpendicular dykes or veins 
of bafalt. The chalk in the vicinity often undergoes a re- 
markable change, extending eight or ten feet from the wall 
on each fide, and thence gradually decreafes. The part 
neareft the bafalt is converted into a dark-brown cryftallim 
lime-ftone, like coarfe-grained primitive lime-ftone. The 
next ftate is that of finer-grained primitive lime-ftone, or fac- 
charine lime-ftone ; then fine-grained arenaceous lime -ft one. 
A compaA variety, having a porcelain afpedt, and a blueifh- 
grey colour, next fucceeds ; this, towards the outer edge, 
becomes gradually white, and infenfibly graduates into 
unaltered chalk. The flints in the altered chalk affumc 
a grey ifli -yellow colour. The altered chalk is highly 
phofphorefccnt when fubjc&cd to heat. In other parts of 
the range, the argillaceous beds of lias appear converted into 
horn-ftone by coritaA with the bafalt, and contain in that 
ftate the imbedded foflils peculiar to the lias ftratum. (See 
Strata.) The bafalt in fome of the veins is columnar; 
but the columns lie horizontally. It has been conjeAured, 
with fome probability, that this has been caufed by its 
palling from a ftate of igneous fluidity, and the refrigeration 
commencing from the iidcs. From the fame caufe, in the 
beds of columnar bafalt in that range, (fee Giants* 
Caufeway,) the columns are perpendicular, the cooling 
commencing from the top and the bottom of each bed. 
The marine organic remains in the ftrata over the bafalt, 
prove that the whole were formed under the fea. In fome 
inftances, bafaltic veins appear to have been opened, and the 
intervening fpace filled with debris from the upper ftrata ; 
and there are bafaltic dykes in Northumberland, in which 
the bafalt being divided into irregular maffes, the inter- 
ftices are filled with iron -clay, and contain impreflions of 
ferns, like thofe in the coal ftrata which thefe dykes or veins 
interfeA. On the whole, no country in the world which 
has yet been examined prefents fo many intcrefting ap- 
pearances of bafaltic veins as the northern parts of Great 
Britain and Ireland, nor are they any where expofed to the 
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eye of the obfcrver with fo much diHin&nefs as on many 
parts of the fca-coaft, where the ocean has bared the fur- 
face, and expofed the mod magnificent and inftru£tive fe&ions 
of entire mountains, penetrated by thefe veins to the height 
of many hundred feet. The veins may often be feen extend- 
ing from the mountains into the fea, rifing up like enormous 
walls, which ferve as monuments of the ravages of the ocean 
upon the coaft. The great hardnefs of the Jubilance which 
fills the veins has prevented their definition by the waves 
that have broken down and removed the mountain mafles in 
which thefe veins were once imbedded. 

Meflrs. Lewis and Clarke, the American travellers, dc- 
feribe extenfive walls of dark columnar ilonc ranging through 
the interior of North America : thefe walls were undoubtedly 
dykes or veins of columnar bafalt, remaining where the fur- 
face of the ground had been waflied away. There are alfo 
inftances where the fubflancc of bafaltie veins has been 


fofter than the furrounding rock, and is walked out wherever 
the rock is expofed, forming deep fiffures, with perpen- 
dicular walls of rocks on each fide. Such appearances are 
not uncommon on the fea-coaft in various parts of Scotland. 
For an account of bafaltie rocks, fee Thap. 

Vein is alfo applied to the ftreaks, or waves, of divers 
colours appearing on ftveral forts of woods, Hones, &c. 
as if they were really painted ; and whicti the painters fre- 
quently imitate in painting wainfeots, &c. 

Marble is generally full of fuch veins. 

Lapis lazuli has veins like gold. Ovid, fpeaking of the 
metamorphofis of men into Hones, fays — “ Qua modo vena 
fuit, fub eodem nomine manfit.” 

Veins, in Hones, are often a defeft, proceeding ufually 
from an inequality in their confiHence, as to hard and 
foft : which makes the Hone crack, and fhiver in thofe 
parts. 
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VERDEGREASE, Vf.hdiguMSE, Verdcgrhj or Vcr* 
digris, a kind of ruft of copper, formed from the corrofion 
of copper by a fermented vegetable, and into a blueifh-green 
fubflance, of great ufe among painters for a green coloun 

The word is formed from the Latin, viride tris; it is aifo 
called arugo, Others call it the jlowcr , and others the 
vitriolic fait of copper ; though, in reality, it is rather the 
proper fubflance of the metal. 

The greuteft quantities of rerdigris have been manufac- 
tured at Montpellier, the wines of Languedoc Icing very 
proper for this preparation ; and it has been exported thence 
in cakes, each weighing about twenty-five pounds. The 
following proccfs for making it is deferibed by M. Monet, 
of the Royal Society of Montpellier, and is puhiilhcd in 
the Memoirs of the Academy for the years 17 JO, and 1753. 
Vine-ftalks, well drisd in the fun, are fteeped during eight 
day9 in ftrong wine, and afterwards drained. They are 


then pul into earthen pots, and wine is poured upon them ; 
the pots are carefully covered; the wine undergoes the 
acetous fermentation, which in fummer is linifhed in feven or 
eight days, but requires longer time in winter, although the 
operation is always performed in cellars. When the fer- 
mentation is fufficiently advanced, which may be known by 
obferving the inner furface of the lids of the pots, which 
during the proccfs of the fermentation is continually wetted 
by the moithirr of the riling vapours, the ftalk 3 are then to 
be taken out of the pots : thefe flalks are by this method 
impregnated with the acid of the wine, and the remaining 
liquor is but a very weak vinegar. The rfalks are to be 
di ained during foine time in bafkets, and layers of them are 
to pul into earthen pots with plates of Swedifh copper, 
io difpofcd, that each plate lhall reft upon and be covered 
with layers of {talks. The pots ar© to be covered with lid?* 

5 F 1 
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and the copper is thus expofed to the aftion of the vinegar, 
during three or four days, or more ; in which time the plates 
become covered with verdigris. The plates are then to be 
taken out of the pots, and left in the cellar three or four 
days ; at the end of which time they are to be moiftened 
with water, or with the weak vinegar above-mentioned, and 
left to dry. When this moiftening and drying of the plates 
have been thrice repeated, the verdigris will be found to 
have confiderably increafed in quantity, and it may be then 
(craped off for fale. 

A folutiou or erofion of copper, and confequcntly a ver- 
digris, may be prepared by employing ordinary vinegar 
mttead of wine, as direfted in the above procefs. But it 
will not have the un&uofity of ordinary verdigris, which is 
neeeffary in painting. Good verdigris mutt be prepared by 
means of a vinous acid or folvent, half acid and half fpi- 
rituous. Accordingly, the fuccefs of the operation depends 
chiefly on the degree of fermentation to which the wine em- 
ployed has been carried; for this fermentation mutt not 
have been fo far advanced, that no fenfibly vinous or fpi- 
rituous part remained in the liquor. Macquer’s Did. Chem. 
See the proccfs as deferibed by Chaptal, under the article 
Goiter. 

The Society of Arts, &c. offered a premium in 1756 
for the making of verdigris in England; and in 1760 inti- 
mated, that it might be made by moiftening with the 
cheapeft and word lort of cyder, the marc or remains of 
apples, pears, goofeberries, currants, Does, crabs, black- 
berries, or any fruits deprived of their juice by expreflion, 
proceeding afterwards by the procefs above deferibed. 
The premiums offered by the Society were feveral times 
claimed and allowed; and it was refolved, in 1763, that 
>erdigri$ actually made of Britifh materials, and fubmitted 
to various trials, was even fuperior to the foreign. Ac- 
cordingly, a cunfidcrable manufaftory was eftablilhed, and 
fuccefsfully carried on for the purpofe of making verdigiis. 

The goodnefs of verdigris is judged of from the deepnefs 
and brightnefs of its colour, its drynefs, and its forming, 
when rubbed on the hand with a little water or Lliva, 
fmooth pafte, free from grittinefs. This concrete is par- 
tially diffoluble in water and re&ified fpirit, and almott 
totally in vinegar ; from the acetous folution, well fatu- 
rated, and left to exhale flowly in a warm air, the greateft 
part of the verdigris may be recovered in a cryftalline form, 
called diftilled verdigris . See Crystals of Vtnus ) and 
Copper. 

The cryftals, diftilled with a fuitable fire, in a retort or 
other like vcffel, give over the acetous acid in a highly con- 
centrated ftate, but fomewhat altered by the procefs. See 
Acetic Acid \ 

The matter which diftilled vinegar leaves undiffolved, on 


being mixed with fome borax and linfeed oil, and fluxed in 
a crucible, yields a brittle metallic fubftance, of a whitilh 
colour, not unlike bell-metal Neum. Chem. by Lewis, 
p. 64, n. o. 

Verdigris is employed externally for deterging foul ulcers, 
and’ as an efcharotic 5 but it is feldom ufed, though milder 
than the fulphate or blue vitriol. It is employed as a col- 
lyrium in chronic ophthalmia, Hoffman recommends it 
particularly for deftroying the callofities jof old fiftulae ; 
tents of powdered verdigris, made up with faliva, or other 
liquids, not fat or oily, confume, he fays, the hardeft callus 
in three or four days, fo as to render it completely feparable. 
A detergent ointment, called mcl *gyptiacm> is prepared 
by boiling five parts of verdigris in fine powder with fix- 
teen of hoaey, and feven of vinegar, till reduced to a clear 
amfiftence. The thinner matter which floats on the top of 
this mixture, after {landing for fome time, is generally ufed, 
unlcfs it be required more acid ; in which cafe, the thick 
part which has fubfided is fhook up among it. 

In the Edinburgh difpenfatory, an ointment, called ««- 
guentum ex arufwe, has been dire&cd, compofed of white 
wax and refin, each two ounces, olive oil one pint, and ver- 
digris hall an ounce. When thefe kinds of applications are 
employed for venereal or other ulcerations in the month or 
tonfih, great caution is neeeffary, left they fhould pafs into 
the (lomach ; in which cafe, dangerous and even fatal con* 
fequences may mfue. 

Verdigris is rarely or never given internally. It has 
been reckoned tonic, and adminillered with this view in a 
dofe under gr. fs. Some recommend it, in the dofe of a 
grain or two, as an emetic, which produces almoft inftan- 
taneous effeft, where poifonous fubftances have been taken, 
for the immediate reje&ion’of them. But warm water, 
milk, and oils, are much lefs dangerous, and more proper. 
In too large dofes, it quickly proves fatal ; and, on direc- 
tion, the coats of the llomach appear much thickened, and 
of a green colour. Lewis’s Mat, Med. 

M. Navier has lately evinced the falutary effects of liver 
of fulphur, and particularly of liver of fulphur of Mars, as 
an antidote againft the poilon of verdigris. 

Verdigris makes a blue-green colour in paint; but is 
generally ufed in yellow, which, by a proper mixture, 
renders it a true green. It is bright when good ; but fooo 
flics, when ufed in oil. When tliffolved in vinegar, it is 
ufed in water painting, and is more durable ; it may be alfo 
diffolved in the juice of rue, and thus produces a fine full 
green colour, equally fit for wafhing with that diffolved in 
vinegar. 

Verdigris, with a decoflion of logwood, ftrikes a deep 
black, which, when diluted, becomes a fine blue. See 
Dyeing. 
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VERNIER, is a graduated index which fubdividcs the 
(mailed divifions on any ftraight or circular fcaL, in the 
reading of which greater accuracy is required, than can be 
obtained by fimple eliimation of a fra&ional part, as indi- 
cated by a pointer, or fiducial edge. The vernier was firft 
invented by Pierre Vernier of Franche Comte, and made 
knov/n to the world at Bruxelles (or Bruflels ) in the year 
1631, through the medium of a pamphlet entitled u La Con- 
duction, l’U (age, etles Proprietes du Quadrant nouveau de 
Mathcmatique, ,, See. Jt foon gained the preference over the 
fcale of Nonius, which was a circular diagonal fcale, and 
which by fome writers is yet confounded with a Vernier’s 
index, though there is no greater refemblance between the 
two, than exids between the dial of a clock and the hand 
that points to it. The vernier is applicable to any draight 
or circular line, provided the divifions be equal ; but the con- 
trivance of Nonius was in the graduated line or fcale itfelf, 
and required the aid of a fiducial edge as an index. We 
have given the reprefentation of a vernier in fevi ral of our 
adronomical plates, when we were dtfcribing Circle, 
Equatorial, Quadrant, Transit -Injlrument, and Theo- 
dolite, therefore it will not be neceffary to introduce any 
other figure for the purpofe of illudration ; particularly 
as the principle of its application can be made clearly intel- 
ligible by either arithmetical or algebraical notation. Let 
Mb fuppofe two lines, either draight or portions of circles, to 
be exa£ly alike in dimenfrons, one called A, and the other B, 
and let one of them be divided into more equal parts than the 
other by unify ; then will the difference of any two of the 
equal parts of the two lines, or arcs refpc&ively, be a frac- 
tion, the numerator of which is the common length of the 
equal lines, or arcs, and the denominator the produft of the 
numbers of parts into which each is divided. For if we 
put A for the common length of the tqual linos, or arcs, 
with n and n 4- t for the equal parts into which each is 
divided refpe&ively, the length of the divifions of each will 

be — and — — ■ , and their difference 

n n -f- I n n + I 


n X n + I 

To exemplify this principle in an arc of fmall radius, let 
each degree be divided by an engine into three parts, of 
each 20', and let it be required that the vernier (hall read to 
the accuracy of one minute ; in this cafe the fiiort fcale of 
the vernier mod be divided into 20 parts, and the equal arc 


on the limb of the iuilrument either into 21 or 19 parts, fo 
that the difference of the two equal arcs, in divifions, may 
be = 1 ; if 21, the former number, is adopted, the reading 
will be in a backwaid dire&ion ; but if the latter (viz. 19), 
it will be forward ; lot t lit* arc on the limb be 6° 20 f , and let 
each degree be divided into three parts, of 20' each ; alfo let 
19 be the number of fuch parts or divifions ; and let the 
equal arc on the vernier be divided into 20 equal parts ; 
then n = 19, and n 4 1 =: 20 will make a difference be- 
tween a fingle divifion of the limb, and one of the vernier 

6° 20' 380' • j rr»- j /r 

= = = r, as was required, ihts difference 

19 x 20 380 ^ M 

becomes the index for fubdividing the fmalleft divided (pace 
of the limb, and it is afeertained now' often it muft be taken, 
by infpc&ing the place on the divided vernier, where a ftroke 
on it exa&ly coincides with a dividing itroke on the divided 
limb of the inftrnment ; for inftance, if the zero, or ffroke 
marked o, be the coincident one, the reading may be had 
from the divifions of the limb only, without any addition 
from the vernier ; hut if the coincidence happens at any 
other place, fay at ftroke 5, ftroke 8, or ftroke 10, as num- 
bered on the vernier, then 5', or 8', or io', as the cafe may 
be, mud be added , as the meafure of a fractional part of a 
divifion, to the meafure read from the divifions only, that 
are contained between zero on the limb and zero on the 
vernier : the difference, which we have find is = i r when 
taken once, is 5* when taken five times, and 8* when taken 
eight times ; and as the point of coincidence can never be 
miftaken, wherever it may fall, it will always determine how 
many minutes muft be added for the fractional portion of a 
divifion, that zero of the vernier has advanced into an entire 
divifion ; and as the eye will form a rough judgment at once, 
whether zero of the vernier is near J, ,J, or J of a fpace 
on the limb, this notice will at once guide the obferver 
to that part of the vernier’s fcale, where the coincidence 
will be immediately found ; for as zero of the vernier ad- 
vances in any divifion of the limb, by the flow motion of the 
tangent-ferew of any inftrument, the point of coincidence 
of the flrokes of the two arcs advances with it, till the ftroke 
at zero becomes itfelf coincident with a new dividing ftroke 
of the arc on the limb, which coincidence denotes the addi- 
tion of another io\ in our example, without reference to the 
vernier ; but ftiould there be any doubt about the exa&itude 
of the coincidence, 20", 30", or 40", may be taken inftead 
of the lafl minute, accordingly as the eye can beft judge of 
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the fmall quantity (hort of pcrfe& coincidence ; and examin- 
ing the places or the preceding and following ftrokes will 
greatly afiift in forming this judgment. 

If we were to fubftitute 2 1 for 1 9 fpaces on the limb, 
the refult would be the fame, with the inconvenience of 
reading backwards, and of fubtra&ing inftead of adding ; 

r __ 

21 x 20 420 


for 


_ 420' __ ^ 


as before; but inftruments of 


modern conftru&ion are exempt from this inconvenience, by 
having always one more divilion on the fcalc of the vernier, 
than on the equal arc of the limb. 

In Troughton’s fnuff-box fextant, which is a very con- 
venient inftrument for the pocket, the radius of the divided 
arc is only about if inch, and the degree is divided, there- 
fore, into two fpaces only, fo that 30* are necefTarily indi- 
cated by the vernier ; and as 29 fpaces on the limb are taken 
equal to 30 on the vernier, the fmalleft quantity indicated 


1 4° 30* __ 870* 
29 x 30 870 


1 f , as before ; and the reading of the 


coincidences that indicate the laft 30' is progreflive, like the 
reading on the limb of the inftrument. 

In the common ebony fextant, the degree is fometimes di- 
vided into four parts, by reafon of the incrcafed length of the 
radius; confequently, when the reading is in a forward direc- 
tion, fifteen divifionson the vernier occupy the fame arc as four- 
teen on the limb ; and the fmalleft quantity indicated thereby is 


~ ss i f : but the brafs fextants made and 

14 X 15 210 

divided by the beft makers, have the minute fubdivided into 
twenty, fifteen, ten, or even five feconds, according to the 
length of the radius, by means of a vernier with divifions and 
fubdivifions, acting with divifions and fubdivifions on the 
limb, which is a refinement of the original invention, intro- 
duced by Troughton, in confequence of the fuperior excel- 
lence of modern dividing. We have now before us one of 
Ramfden*8 beft brafs fextants of 9^ inches radius, on the 
limb of which the degree is divided into three parts, and 
40 divifions on the arc of the vernier meafure 39 divifions 


13 0 780' 46800" 

on the limb ; therefore = — -L_ — = * 0 " 

39X40 1560 1560 

is the fmalleft quantity that the vernier will indicate, and 
every alternate ftroke thereon counts one minute as the coin- 
cidence advances. This mode of reading the vernier doubles 
its former accuracy. But on the limb of this fame inftru- 
ment, the late Mr. W. Walker prevailed on Mr. Troughton 
to divide a fecond arc, within the former, which by our mea- 
furement is only of nine inches radius : in this inner arc, 
which reads with the inner arc of the vernier, the degree is 
firft divided into halves, and then each half is fubdivided into 
five fmaller divifions, by fhorter ftrokes very delicately cut, 
fo that the degree is divided into ten fmall fpaces, of 6' each, 
which are to be read before the vernier’s iubdivifion of one 
of thefe fpaces is examined. On the fcale of the inner 
vernier are 72 fmall divifions, co-ex tenfive with 71 on the 
limb ; and as each of thefe h = 6', we have 71 x 6* = 426', 
or 25560" for the whole arc of measurement : confequently 


° = 5" is the fmalleft quantity that can 

71 x 72 5112 J J 

be indicated by fuch a vernier, and accordingly we obferve 
on the fcale of the Vernier twelve fmall or fubdividing fpaces 
between each minute ftroke ; i. e, every twelfth ftroke is a 
lohg one, and they are numbered 1, 2, 3, See. up to 6, which 
is the value of one of the fmalleft divifions on the limb, and 

8 


confequently the value of each fubdivifion on the fcale is 7 ' r 
of i f , or 5" : and yet, by the help of a high magnifier, placed 
in the centre of an illuminating refle&or of plaifter of Paris, 
this fmall quantity may be clearly diferiminated. When 
Ramfden firft faw this wonderful application of the powers 
of the dividing engine, he called his workmen together, to 
witnefs what ne at firft confidered the folly of attempting 
greater accuracy than was practicable ; but a clofe examina- 
tion of the divifions convinced him, that his preconceived 
opinion had ilood in the way even of his own improvements. 

Sometimes a divided head or nut has been fixed on the 
end of the tangent-ferew of flow motion, particularly by the 
older makers of pillar and mural aftronomical quadrants, in 
order to fubdivide the divifions of the vernier, as may be feen 
at Greenwich, Richmond, and other obfervatories ; but when 
this apparatus has been in ufe fome time, the parts become loofe 
and inaccurate, even allowing that the meafuring ferew itfelf 
can be confidered as perfeft in all refpeCts. On an examina- 
tion of fome of Graham’s, the SifTons’ and Bird’s quadrants, 
we find that though the accuracy of i ff is profeffed by the 
conftru&ion, yet very little dependence can be placed on 
fuch profeflion after the parts have been for years in ufe. Of 
this conclufion Ramfden was no doubt fenfible, when he 
introduced into his larger inftruments the microfcopic read- 
ings, with a good ferew at the focus of the eye-piece of a 
compound microfcope, where there is not fo much ftrefs on 
the lerew as at the periphery of the arc, where the ferew 
forms alfo a part of the clamping apparatus. To this adop- 
tion of the ufe of a compound microfcope, in conjun£tion 
with the fubfequent improvements in the art of dividing, 
much of the claim to fuperior excellence in our Englifti aftro. 
nomical inftruments is to be attributed, which claim is ftill 
further fujpported by the invention of the achromatic objeft- 
glafs and improved eye-pieces of the telefcopic portion. 

Hitherto we have confidered the principle and application 
of a fingle vernier only, which is in itfelf an ufeful and 
beautiful contrivance ; and, as we have faid, may be ap- 
plied with advantage to fubdivide a ftraight line ; as, for in- 
ftancc, the fcale of a barometer into hundredth parts of an 
inch, or the fcale of Dollond’s divided objedl-glafs micro- 
meter into the five-hundredth parts, or „ more ; but with an 
entire circle that is graduated all round, the accuracy of 
an obfervation is greatly augmented, nay enfured, by the 
ufe of different verniers reading at different parts of the 
limb at the fame time. At firft two diametrically oppofite 
verniers were introduced, as has been afferted, by one of the 
Siffons, though, we underftand, not with a view to reading 
at oppofite fides of the circle, by way of correcting the ob- 
fervation by an average ; feeing that the remote end of the 
vernier bar had only a fingle ftroke anfwering to zero of the 
other; but fubfequently, in tranfit and other inftruments 
ufed with a fpirit-level, the double vernier became a valuable 
appendage, particularly when the conftru&ion of the inftru- 
ment admitted of inverfion of the pofition of the axis, fo 
as to procure a double obfervation ; and thence the true 
zero of the graduation of the meafuring limb. This ufeful 
property was extended, we believe, by Troughton, firft by 
introducing four, and then, with equal advantage, three 
equidiftant verniers of fimilar powers. We have mewn the 
great ufe of additional verniers, at confiderable length, 
under our article Circle, particularly with refpe& to the 
property that three poffefs of correcting for the excentricity 
as well as inequality of the divifions of a circular inftru- 
ment ; and that as great accuracy may be expe&ed from 
one crojftd obfervation with Trougnton’s refle£ting circle, or 
from a pair of reverfed oblervations with a theodolite, with 
either circle, that has three verniers, as can be obtained by 
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a repetition of oblervations on the repeating circle ; for, by 
the mode in which Troughton’s circular inftr uments are 
ufed, the readings will be had at fix different points of the 
circle, though very little time is expended in making the 
obfervations. It is hardly ncceflary to add here, that when 
an inftrjiment is of the refle&ing kind, its diviiions are 
doubly numerous for the fame radius, when compared 
with an inftrument that meafures only by dire& vifion ; and 
that therefore the diviiions on the vernier mud be calculated 
to have their dimenfions accordingly. In Troughton's re* 
fle&ing circle of five inches radius, tne degree is divided into 
three parts, and fifty-nine of thefe are commenfurate with 
fixty on the fcale of each of the three verniers ; therefore 
the excefs of a fpace on the limb over one on the vernier is 


20 f ', which is the fmallcft quantity 


0 40 f _ 7080c" ^ 

60"“ 3540 ~ 

that a Angle vernier will indicate ; but as there are fix read- 
ings in the eroded obfervation, which obfervatiun annihilates 
the errors of zero, and of the darkening glades when ufed, 
it is to be inferred that the refult will be accurate to 


20 " 

6 


or little more than three feconds , if we difregard the 


probable errors of reading, and of taking contafts in the 
obfervation, common to all inftruments. The figures of 
the vernier feales iri this circle count both ways, from each 
end, bccaafe the figures read both to the right and left of 


zero on the limb, but there can be no miftakc if the figures 
of the vernier are counted the fame way that the limb of the 
circle reads. Formerly the zero of the vernier was placed 
at the middle of its fcale ; and when it read out at one end, 
it commenced at the other, and finilhed again in the middle ; 
but this method, being liable to mifapprehenfiou, is now 
difoontinued. 

In an eighleen-inch allronomical circle, by Trougl*fon, at 
prefent under our examination, which lias four verniers at 
equal dillances, and turns in azimuth, the degree is divided 
by Engine into twelve divifions, of which 59 fill the fame 
rc as 60 on the verniers refpe&ively ; hence we have 59 x 5* 
=. 295% or 17700" for the numerator, and 59 x Go = 


3540 for the denominator, and 


17700" 

354 ^ 


= 5", the fm ailed 


quantity that one vernier will indicate; and accordingly 
the fpace between zero and 1* on the vernier is fubdivided 
in 12 fmaller fpaces, fo that each fuccefiive coincidence will 
mark out 5" on each feparate vernier ; but as there are four 
verniers, and as the circle will reverfe in pofition by means 
of the azimuthal motion, there will be virtually eight read- 
ings from which to take an average of j", fo that the pro- 
bable accuracy refulting from fuen average comes within the 
Jecond , and would have done fo if there had been only three 
verniers. Hence the advantage gained over the average of 
the verniers by microfcopic readings, is probably not fo great 
as is generally fuppofed. 
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VINEGAR, Acetum, an agreeable, acid, penetrating 
liquor, prepared from wine, cyder, beer, and other liquors, 
and varying in hue from light red to brown ftraw-colour, 
malt vinegar being more highly coloured than that of wine : 
and of confiderable ufe, both as a medicine and a fauce : 
or, vinegar is a vegetable acid liquor, produced by the 
fecond degree of fermentation, or that which fucceeds the 
fpirituous, and is called the acid or acetous fermentation. 
Every liquor, which has completely undergone the fpiritu- 
oua fermentation, is fpontancoufly and neceffarily difpofed 
to the acid fermentation. Accordingly, every vinous 
liquor does continually tend to become vinegar, and is 
adually changed into it, foouer or later, according to cir- 
cumftances ; unlefs this change be prevented by fome 
obftacle to fermentation in general. If vinegar be long 
kept, and particularly if it be expofed to the air, it will 
become muddy and ropy, acquiring an unpleafant fmell, 
lofing its acidity, and putrefying. In order to preferve it 
for a longer time, it (hould be boiled for a few minutes, fo 
that the gluten may coagulate and feparate, on the prefence 
of which thefe changes depend, and alfo kept in well-corked 
bottles. 

The word is French, vinaigre ; formed from vin 9 ovine, 
and aigre, four. 

The method of making vinegar has long been kept a 
fecret among the people of that profeflion ; who, it is faid, 
oblige themfelves to each other by oath not to reveal it ; 
but, notwithllanding this, the Philofophical Tranfadions, 
and fome other late writings, furnifh us with approved ac- 
counts of it. Whatever be the materials ufed in the pre- 
paration of the liquor for producing vinegar, it is merely 
neccfTary to admit air into the veflel in which it is kept, and 
to preferve it in a temperature fomewhat higher than that of 
the atmofphere in this climate, that is, from about 7 c 0 to 
8o°. When a liquor already fermented is ufed, it is alfo of 
almoft indifpenfable importance that yeaft, or fome other 
ferment, be added, in order to haften the fermentation, 
or elfe the change will be too gradual to obtain vinegar in 
perfedion, and the firft acetified portion will turn mouldy 
before the laft has become four. But if the material em- 
ployed has not undergone fermentation, the whole procefs 
of the vinous and preceding acetous fermentation will go on 
without interruption, with the fame ferment which firft fet 
it in adion, as, e . g. in making vinegar from malt, or from 
fugar and water. It is neceflary alfo to flop the proccfs of 
the manufacture in that ftage of it, in which the acid has 
attained to its higheft degree of ftrength and perfection, 
after which the liquor would then fpeedily be deteriorated, 
the acetous acid would gradually dilappear, and an offenfive 
mouldy watery liquor remain, with lcarcely any acidity. 
It depends upon the (kill and experience of the manufacturer 
to determine when his vinegar is in a fit ftate to be drawn 
off and clofely barrelled. 

Vinegar, Method of making Cyder . The cyder (the 
raeaneft of which will ferve the purpofe) is firft to be drawn 
off fine into another veflel, and a quantity of the muft, or 
pouze of apples, to be added 5 the whole is then to be fet in 


the fun, if there be a conveniency for the purpofe ; and, at 
a week or nine days end, it may be drawn off. 

Vinegar, Method of making Beer . Take a middling 
fort of beer, indifferently well hopped ; into which, when 
it has worked well, and is grown fine, put fome rape, or 
huiks of grapes, ufualiy brought home for that purpofe ; 
mafti them together in a tub ; then, letting the rape fettle, 
draw off the liquid part, put it into a calk, and fet it in the 
fun as hot as may be ; the bung-hole being only covered 
with a tile, or fiate-ltone ; and in about thirty or forty days 
it will become a good vinegar, and may pals in ufe as well 
as that made of wine, if it be refined, and kept from turning 
mufty. 

Or, vinegar may be made thus : To every gallon of fpring- 
water, add three pounds of Malaga raifins ; which put into 
an earthen jar, and place them where they may have tlie 
hotteft fun from May till Michaelmas ; then prefling all 
well, tun the liquor up in a very ftrong iron-hooped veflel, 
to prevent its burfting : it will appear very thick and 
muddy, when newly prefled ; but it will refine in the veflel, 
and be as clear as wine. Thus let it remain untouched for 
three months, before it be drawn oft*, and it will prove ex- 
cellent vinegar. 

Vinegar, To make IVine. Any fort of vinous liquor, 
being mixed with its own fasces, flowers, or ferment, and 
its tartar firft reduced to powder ; or elfe with the acid 
and auftere ftalks of the vegetable from whence the wine 
wa obtained, which hold a large proportion of tartar : and 
the whole being kept frequently ftirring in a vcfTcl which 
has formerly held vinegar, or fet in a warm place full of 
the fteams of the fame, will begin to ferment ^anew, and 
conceive heat, and will grow four by degrees, ’ and (bon 
after turn into vinegar. 

The remote fubjeds of acetous fermentation are the fame 
with thofe of vinous ; but the immediate fubjeds of it arc 
all kinds of vegetable juices, after they have once under- 
gone that fermentation which reduces them to wine j for it 
is abfolutely impofiible to make vinegar of muft, the crude 
juice of grapes, or other ripe fruits, without the previous 
afllftance of vinous fermentation. 

The proper ferments for this operation, by which vinegar 
is prepared, are, 1. The faeces of all acid wines. 2. The 
lees ot vinegar. 3. Pulverized tartar ; efpecially that of 
Rhenifh wine, or the cream or cryftals of it. 4. Vinegar 
itfelf. 5. A wooden veffel well drenched with vinegar, or 
one that has long been employed to contain it. 6. Wine 
that has often been mixed with its own faeces. 7. The 
twigs of vines, and the ftalks of grapes, currants, cherries, 
or other vegetables of an acid auftere tafte. 8. Bakers 9 
leaven, after it is turned acid. 9. AU manner of ferments, 
compounded of thofe already mentioned. 

Vinegar is no produdion of nature, but a mere creature 
of art : for verjuice, the juices of citrons, lemons, and the 
like native acids, are improperly faid to be natural vinegars ; 
becaufe, when diftilled, they afford nothing but vapid water 5 
whereas it is the property of vinegar to yield an acid fpirit 
by diftillation. 
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The wine which is generally converted into vinegar, and 
which for its cheapnefs is commonly employed for this pur- 
pose, is fuch as has already become four ; although the 
better and the more fpirituous the wine, and alfo the more 
of the vinous fpirit that can be retained in the vinegar, the 
better and ftronger it will be. Bechcr fays, in his “ Phyfica 
j 5 ubterranea, ,> that having digdled wine in order to convert 
it into vinegar, in a bottle hermetically fealed, he found, 
that although a logger than the ordinary time was required, 
the vinegar produced was much ftronger than when free 
air is admitted. Mr. Carthcufer alfo affirms, that the 
ftrength of vinegar may be much increafed by adding fome 
aqua vitae to the wine, before it is expofed to the acetous 
fermentation. Nothing more feems requilite in the prepa- 
ration of good vinegar than to employ good wine, and to 
conduct the fermentation in the moft advantageous method ; 
the principal part of the operation being performed by 
nature. 

Vinegar in trance^ Method of making • The French ufe 
a method of making vinegar different from that above 
deferibed. They take two very large oaken veffels, the 
larger the better, open at the top ; in each of which they 
place a wooden grate, within a foot of the bottom : upon 
thefe grates they firft lay twigs, or cuttings of vines, and 
afterwards the ilalks of the clulters of grapes, without the 
grapes themfeives, or their {tones, called the rape, till the 
whole pile reaches within a foot of the brim of the veffels ; 
then they fill one of thefe veffels with wine to the very top, 
and half fill the other ; and with liquor drawn out of the 
full veffel, they fill up that which was only half full before ; 
daily repeating the fame operation, and pouring the liquor 
back from one veffel to the other ; fo that each of them is 
full and half full by turns. 

When this proccfs has been continued for two or three 
days, a degree of heat will arife in the veffel which is then 
but half full, and will increafe for feveral days fucceffively, 
without any appearance of the like in the veffel which hap- 
pen^ to be full during thofe days ; the liquor of which will 
ftill remain cool : and as foon as the heat ceafes in the 
veffel that is half full, the vinegar is prepared ; which, in 
the fummer, happens on the fourteenth or fifteenth day from 
the beginning; but, in the winter, the fermentation pro- 
ceeds much flower ; fo that they are often obliged to for- 
ward it by artificial warmth, or the ufe of ftoves. 

When the weather is exceeding] r hot, the liquor ought 
to be poured off from the full veffel into the other twice a 
day ; other wife the liquor would be over-heated, and the 
fermentation would prove too ftrong ; whence the fpirituous 
parts would fly away, and leave a vapid wine, inftead of 
vinegar, behind. 

The full veffel is always to be left open at top ; but the 
mouth of the other muft be clofed with a cover of wood, 
in order the better to keep down and fix the fpirit in the 
body of the liquor ; for, otherwife, it might cafily fly off in 
the heat of fermentation. The veffel that is only half full 
feems to grow hot, rather than the other, bccaufe it con- 
tains a much greater quantity of the vine-twigs and ilalks 
than that, in proportion to the liquor ; above which the 
pile riling to a confiderable height, conceives heat the more, 
and fo conveys it to the wine below. Bocrhaave’s Elem. 
of Chemiftry, part iii. p. 143, & c. Phil. Tranf. vol. ii. 

F #7. 

There is another method, by which a very good vinegar 
*s commonly made at Paris from the lees of wine. A 
quantity of wine-lees is put into a large tun, and worked 
up witn wine fuflicient to render it very fluid. This is 
then put into cloth facks, which arc arranged in a large 
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iron-bound wooden vat, the heavy cover of which is laid 
over them, and ferves as a prefs, that is gradually ferewed 
down till all the liquor is prefled out. The wine, thus 
loaded with the extractive and tartareous matter of the lees, 
is diftributed in large calks fet upright, through the heading 
of wfiich a hole is cut, which is conftantly left open. In 
fummer thefe calks are Amply fet in the fun ; but in 
winter they are arranged in a ftoved room. The fermentation 
comes on in a day or two, and when it has got to its height, 
fo much heat is excited, that fometimes the hand can hardly 
be borne in it. In this cafe, it muft be checked by a cooler 
air, and by adding fome frefh wine to the calks ; and, indeed, 
it is in a due regulation of the heat that moll of the prac- 
tical Ikill of the maker confifts. The procefs goes on in 
this way till the whole of the wine is thoroughly acidified, 
which requires about a fortnight in fummer and a month in 
winter ; after which the new' vinegar is put into barrels, at 
the bottom of w'hich are laid a good many chips of beech 
wood. Here it remains for about a fortnight, during 
which time it clarifies, and the clear part is then drawn oft 
and kept in well-clofed calks. Thefe beech chips may be 
ufed over and over again for feveral years. 

The natural colour of good wine-vinegar is a very pale 
red, but a higher colour is given, if defired, by the addition 
of elder-berries. 

There are feveral flight variations in the mode of making 
wine-vinegar, but which need not be detailed. They afi 
confift in exciting a frelh fermentation in wine, and keeping 
it up in a moderate degree till acetilication is complete. 
Many refufe parts of the vine are of ufe for this purpofe, 
fuch as the hulks, the four fucculent twigs, the marc or 
cake left in the wine-prefs, and the like ; and after they 
have once ferved, they arc Hill more valuable, as the acid 
which they naturally contain, or which is evolved by them, 
is more readily produced. 

Wine may alfo be converted to good vinegar without 
thefe additions, fimply by adding wine, cfpecially when on 
th^ fret, to vinegar already made, and expofing it to a 
proper heat. In this way many manufadlurers proceed, 
keeping their calks always full, by taking out of them at 
intervals about a third or fourth part, repleniftiing them 
with wine, and again bringing the contents to the ltate of 
vinegar. 

In this country vinegar is chiefly made from malt. The 
following is the ufual procefs in London. A malh of malt 
and hot water is made, which, after infufion for an hour and 
a half, is conveyed into a cooler a few inches deep, and 
thence, when fufficiently cooled, into large and deep fer- 
menting tuns, where it is mixed with yeaft, and kept in fer- 
mentation for four or five days. The liquor (which is now 
a ftrong ale without hops) is then diftributed into fmaller 
barrels, fet clofe together in a ftoved chamber, and a mode- 
rate heat is kept up for about fix weeks, during which the 
fermentation goes on equally and uniformly till the whole is 
foured. This is then emptied into common barrels, which 
are fet in rows ( often of many hundreds ) in a field in the open 
air, the bung-hole being juft covered with a tile to keep off the 
wet, but to allow a free admiffion of air. Here the liquor 
remains for four or five months, according to the heat of 
the weather, a gentle fermentation being kept up, till it 
becomes perfeft vinegar. This is finiflied in the following 
way. Large tuns are employed, with a falfc bottom, on 
which is put a quantity of the refufe of raifins or other fruit 
left by the makers of raifin and other home-made wines, 
called technically rape. Thefe rape-tuns are worked by 
airs ; one of them is quite filled with the vinegar from the 
arrels, and the other only three-quarters full, fo that the 
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fermentation is excited more eafily in the latter than the 
former, and every day a portion of the vinegar is laded from 
one to the other, till the whole is completely finifhed and 
fit for fale. 

Vinegar, as well as fruit- wines, is often made in fmall 
quantity for domeftic ufes, and the procefs is by no means 
difficult. The materials may be either brown fugar and 
water alone, or fugar with raifins, currants, and especially 
ripe goofeberries. Thefe fhould be mixed in the propor- 
tions wliich would give a llrong wine, put into a fmall 
barrel, which it fhould fill about three-fourtiiB, and the 
bung -hole very loofely flopped. Some yeaft, or, what is 
better, a toafl fopped in yeaft, fhould be put in, and the 
barrel fet in the fun in fummer, or a little way from a 
fire in winter, and the fermentation will foon begin. This 
fhould be kept up conftant, but very moderate, till the tafte 
and fmell indicate that the vinegar is complete. It fhould 
be poured off clear and bottled carefully, and it will keep 
much better if it is boiled for a minute, cooled and ftrained 
before bottling. 

In both the vinous and acetous fermentations, an inteftiue 
motion, a f welling, a hilling noife, and an ebullition, may 
be perceived ; but the heat produced by the former is 
fcarcely fenfible, whereas that produced by the latter is very 
confiderable. Moreover, the vapour which exhales from 
vinegar, during fermentation, is not noxious, like that of 
fermenting wine : on the contrary, as the acid of vinegar 
difengages itfelf, it feems to acquire more power to bind 
and retain the inflammable principle, which is the truly 
dangerous part of thefe vapours. Befides, vinegar does not 
depofit tartar as wine does, even though it has been made 
with wine that had not depofited its tartar ; but the fedi- 
ment of vinegar is a vifeid, oily, and very putrefeent matter ; 
wliich is ufed to cover the grapc-ftalks that are employed 
in the making of vinegar, in order to promote the ferment- 
ation. The acid of the grape-flalks, which arc wafhed clean 
and preferved to promote the fermentation of more vinegar, 
a6t» powerfully as a leaven or ferment. The cafks which 
have been ufed are alfo to be clean fed from the vifeid matter 
juft mentioned, and kept for the fame ufc, as they are fitter 
for the purpofe than new caflc3. When the acetous ferment- 
ation is fimlhed, the nature and chara&er of the liquor that 
has undergone it are totally changed. The tafte and fmell 
of wine are partly fpirituous ana partly acid ; though in 
good wine the latter is fcarcely perceptible : the tafte and 
lmell of vinegar are alfo acid and fpirituous ; but the former 
quality prevails fo much, as altnoft totally to conceal the 
latter. The properties of wine and vinegar prove, that the 
acetous fermentation unfolds in a very Angular manner the 
acid parts of wine, and intimately combines them with the 
inflammable fpirit ; fo that by changing wine into vinegar, 
the ardent fpirit is no longer perceptible, fo that it cannot 
affe& the head and intoxicate ; and if it be dillilled, the 
firft liquor that rifes with a heat lefs than that of boiling 
water is not an ardent fpirit, as when wine is diftilled, unlefs 
the vinegar be too new, and the acetous fermentation has 
not been completely finifhed ; but when old vinegar is dif- 
tilled, the liquor that firft rifes is a (lightly acid phlegm, 
which contains the moft volatile, the moft odoriferous, and 
the moft fpirituous part of the vinegar. 

When vinegar has run a little beyond the acetous ft ate, and 
begun to enter on the putrefa&ive, the putrefaction may be 
flopped by quenching a red-hot iron in the liquor ; and the 
acid, which has been loft, may in fome meafure be reftored, 
by the addition of a little fpirit of wine, rye-bread, muftard- 
feed, 5 cc. The putrcfadlion of vinegar may alfo be pre- 
vented, by racking it off from the feculencies, and keeping 
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it in a clofe-ftopped veffel, in a cool place* However, fuch 
as has once fuffered a confiderable heat, cannot long be pre- 
ferved from corruption. 

In England, the excife laws relating to vinegar are a? 
follow : 

Every maker of vinegar for falc fhall take out a licence, 
for which he fhall pay io /. ; and fhall renew the fame an- 
nually ten days at lcaft before the end of the year ; on pam 
of 50/. 43 Geo. III. c. 69. Sched. (A.) 24 Geo. III. 

c. 41. 

But perfons in partnerfhip need only take out one licrx; 
for one houfe. 

By 43 Geo. III. c. 68. for all vinegar or verjuice iir- 
ported, a certain duty fhall be paid per ton (quantity 252 
gallons). 

By 43 Geo. III. c. 69. Sched. (A.) for every barrel 
of vinegar, vinegar beer, or liquors preparing for vinegar, 
which (hall be brewed or made in Great Britain for lale, 
fhall be paid by the maker a certain other duty. 

And upon every hogfhead of verjuice which (hall be made 
in Great Britain for fale, fhall be paid by the maker a cer- 
tain duty. 

And by 49 Geo. III. c. 98. a duty is impofed in lieu o f 
all former duties of cuftoms. 

By 10 8 c 11 W. c. 21. thirty-four quarts fhall be ac- 
counted a gallon of vinegar, according to the ftandard ale 
quart. 

Every vinegar-maker fhall make entry with the officer of 
excifc of the houfe or place where he intends to carry on the 
bufinefs ; and whether he intends to make vinegar from malt 
or corn, or molaffes or fugar, or from any and what other 
materials. 26 Geo. III. c. 73. 

Such officer may at all times by day and night (but if in 
the night, in the prcfencc of a conflable), enter into any 
lac<*s ufed by fuch perfons, and take an account of fuch 
quors therein, and fhall make a report thereof in writing 
to the commiflioncr8, leaving a true copy thereof under his 
hand, with fuch maker, if demanded, in writing, under the 
penalty of 10/. 7 5 c 8 W. c. 30. 12 Geo. r. 28. 12 Ch. 

c. 24. 

By 10 & 11 W. c. 21. no vinegar-maker fliall receive 
into his cuftody any liquors for making vinegar, nor deliver 
out any vinegar in rafks, or by the gallon, without notice 
firft given to the officer, unlefs from Sept. 29, to Mar. 25, 
yearly, between feven in the morning and five in the 
evening, and from Mar. 25, to Sept. 29, between five in 
the morning and feven in the evening ; on pain of 50/. 

On receiving fuch liquors into his cuftody, he fhall fhew 
the fame to the gauger before he mixes them with any other 
liquors, rape, or other materials ; on pain of 20/. 

If any vinegar -maker fhall, without giving notice at the 
next excife -office, or to one of the commiffioners, ufe any 
ftore-houfe, warehoufc, cellar, or other place, for making 
or keeping any vinegar beer, or liquor preparing for vinegar, 
he fhall forfeit 5c/. 

If any maker of vinegar for fale fhall conceal any vinegar, 
or liquor preparing for vinegar, from the view af the 
gauger, he fhall for every barrel forfeit 40 s, 7 & 8 W. 
c. 3°. 

If fuch maker fhall, on demand made by fuch gauger in 
the day-time (or if by night, in the prefence of a conflable), 
refufe to permit him to enter his houfe, ftore-houfe, or 
other place ufed by him, and to take an account of the faid 
liquors, he fhall forfeit 15/. 

No perfon carrying on the trade of a vinegar-maker from 
molaffes or fugar, or other materials, (except malt or corn,) 
fhall carry on (either .alone or in partnerfhip) the trade of a 
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diililler or re&ifier of ipirits in the fame premlfes, or within 
two miles thereof ; and all entries made by fuch perfon 
iha.Il be void. 26 Geo. III. c. 73. 

A 11 dale beer, returns of beer or ale, cyder, verjuice, or 
any other liquor proper to be made into vinegar, which (hall 
be found in the poffeffion of any common vinegar-maker, 
except fuch as are to be drunk in his family, and which 
/hall be kept feparate for that purpofc, /hall be deemed 
vinegar or liquors preparing for vinegar. 10 & u W. 
c. 21. 

Every fuch vinegar-maker (hall make entry once a month 
at the next excife-office of all liquors made within that month, 
and alfo within a month after luch entry, (hall clear off the 
duties, on pain of double duty. 12 Ch. II. c. 24. 

All penalties and forfeitures are to be recovered, levied, 
and mitigated as by the excife laws. 43 Geo. III. c. 69. 

Vinegar, Chemical Properties of the pure Acid of the dif- 
ferent Kinds of See Acetous Acid. 

The quantity of fixt alkaline fait which vinegar i<? ca- 
pable of faturating, is one of the fureft criterion s of its 
ftrength. The beft of the German vinegars, according 
to Stahl, faturate little more than T Vth of their own 
weight; the French vinegars, examined by Geoffroy, 
above Vrth ; and fome of them no lefs than ^th ; the 
common diftilled vinegar of our (hops about T vth. By 
congelation, and diflillation from alkalies, and from fome 
metallic bodies, particularly copper, the acid may be 
fo far concentrated as to faturate nearly equal its own 
weight. The beft way of judging of the faturation, ac- 
cording to Dr. Lewis, is by trying the liquor from time 
to time with certain coloured vegetable juices, or on paper 
ftained with them. For this purpofe, a thick writing paper 
may be ftained pale blue on one fide with the blue prepara- 
tion of archil, commonly called laemus ; and pale red on the 
other fide, by a mixture of the fame infufion with fo much 
diluted fpirit of fait as is juft fufficient to redden it. If a 
fmall (lip of this paper be dipped occafionally into the liquor 
to be tried, or a drop of the liquor be applied on both (ides 
of the paper, the red fide turns blue as long as any of the 
alkali remains unfaturated ; the blue (ide turns red, when 
the acid begins to prevail ; and no change at all is produced, 
when the faturation is complete. Where laemus cannot be 
procured, the paper may be coloured with the juices of 
violets, iris, cyanus, &c. or with the blue juice preffed out 
from fcraping8 of the cortical part of common radifh roots ; 
with which it is fufficient to (lain the paper on one fide ; this 
one colour difeovering both acidity and alkalefcence, the 
former changing it red, and the latter green. 

The acetous acid differs efl'entially from all the others : 
from the native vegetable acid, in fubtility and volatility 5 
not being obtainable in the form of a concrete fait, which 
moft, perhapB all, of the hative ones are, and rifing in dif- 
tillation with a moderate heat, which very few of the native 
ones have been found to do : from the mineral acids, in its 
habitude to different bodies, and the nature of the com- 
pounds which it forms with them, being much weaker than 
the mineral acids ; thus, whatever alkaline, earthy, or me- 
tallic fubftance the acetous acid be combined with, the ad- 
dition of any mineral acid will disjoin them, the mineral 
taking the place of the acetous ; neutral falts, compofed of 
the acetous acid and fixed alkalies, diffoke totally and plenti- 
fully in reftified fpirit of wine, whiift thofe compofed of 
the fame alkalies and mineral acids are not at all ioluble in 
that menftruum : in this property, the acetous acid differs 
alfo from moft, perhaps from all, of the acids of its own 
kingdom ; and from all acids in general, in its peculiar 
odour. 


The acid of vinegar diffolvea all fubftances upon which 
other acids can aft, and forms with them neutral frits, all 
which may be called acetous falts. With calcareous earth 
it forms falts, which in crvftallizing (hoot into filky ramifi- 
cations and vegetations : thefe falts arc named, from their 
earthy bafes, fait of chalk, fait of crabs’ eyes, 8 cc. ( See 
Acetite of Lime y & c.) The folubility of calcareou® 
earth in this acid, and its precipitability by that of vitriol, 
afford a ready method of difeovering the fophiftication of 
vinegar, faid to be fometimes praftifed, with vitriolic acid. 
If a faturated folution of any calcareous earth, as chalk, 
made in ftrong vinegar, bo added to fuch a3 is fufpefted of 
containing vitriolic acid, no change will enfue, if the vinegar 
was pure ; but if it contained even a minute portion of that 
acid, the mixture will immediately become milky, and, on 
(landing for a little while, depofit a milky fedirnent : if the 
calcareous folution be gradually dropt in, fo long as it pro- 
duces any milkinefs or cloudinefs, all the vitriolic acid will 
be abforbed by the chalk ; and as this new compound is very 
fparingly diffoluble, nearly the whole of it will precipitate, 
fo as to leave the vinegar almoft pure. Its adulteration 
with vitriolic or fulphuric acid may alfo be detefted by a 
folution of nitrate of barytes, which forms a white precipi- 
tate, when dropped into the fufpefted vinegar, mfoiuble in 
nitric acid, after having been expofed to a ftrong heat. 
With fixed vegetable alkali the acid of vinegar forms a very 
pungent and very deliquefeent fait, called Regenerated 
Tartar, or Terra foliata tartan ; which fee. (See alfo 
Acetite of Fotafk . ) With fixed mineral alkali it forms a 
neutral cryftallizable fait. With volatile alkali it forms 
an acetous ammoniacal fait, cafied fpirit of Minder crus. 
See Acetite of Ammonia. 

Vinegar diffolves, among metallic bodies, zinc and iron ; 
and the reft with difficulty, if at all. ( See Acetous Acid . ' 
United with copper, it forms a verdigris and cryftals of 
Venus. With lead it forms ceruffe, and fait or fugar of 
lead ; diffolving it more eafily when reduced to a calx than 
in its metallic; (late ; boiled even with the glafs of lead, or 
in the common glazed earthen veffels, in the glazing of 
which this metal is a principal ingredient, it extrafts fo 
much as to become ftrongly tainted with the pernicious qua- 
lities of the lead. Gold, platina, filver, and quickfilver, are 
not affefted by vinegar in their metallic ftatc 5 the two firft 
have not been obferved in any date to be affefted by i*. 
Silver precipitated from the nitrous acid, and thoroughly 
edulcorated with water, and mercury treated in the lame 
manner, or changed by fire into a red powder, (lowly and 
fparingly diffolve in it. Of the affinities of this acid to dif- 
ferent metals, or its forfaki ng one to unite with another, 
few experiments have been made. Dr. Lewis obferves, 
that it depofits lead and copper upon adding iron. (See 
Tables of Affinity. ) It diffolves the vegetable infpiffated 
juices, and feveral of the gummy refins, and extrafts the 
virtues of fundry plants in tolerable perfeftion, fuperadding 
at the fame time a virtue of a different kind. However, it 
excellently affifts and coincides with fome drugs, as garlic, 
fquills, and ammoniacum ; and in many cafes, where this 
acid is principally to be depended upon, it may be advan- 
tageoufly impregnated with the flavour of certain vegetables. 
Vinegar very much concentrated, as the reftified fpirit of 
Venus, or radical vinegar, being diftilled with equal parts 
of highly reftified fpirit of wine, fumifhes a liquor which 
has afl the effential cnarafters of ether, and is called acetour 
ether . It was difeovered by the count de Lauraguais. 
(See Hift. Acad. Scienc. Par. 1759*) It mingles equally 
with blood and its ferum, and with moft of tne fluids of 
inimals ; not thickening or coagulating them, like the acids 
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of the mineral kingdom, but tending rather, as Boerhaave 
juftly obferves, to attenuate and rcfolve coagulations. It is 
likewifc, when taken internally, lefs {Simulating than the 
mineral acids, and lefs difpofed to affect the kidneys. Pro- 
feffor Cullen obferves, that it is lefs liable to undergo 
changes in the firft paffages than the native vegetable acids, 
which have yet to go through the procefs of fermentation. 
The ufe of vinegar as a condiment, and as an antifeptic for 
pickling and preferving dead animal and vegetable matter, 
is well known. 

Vinegar, Medicinal Properties of. This mild, un&uous 
acid is a medicine of great ufe in the different kinds of in- 
flammatory and putrid diftempers, both internal and external. 
Nothing is more extolled in many cafes of putrefa&ion, and 
as an antidote againft venomous bites, by Diofcorides and 
Hippocrates, than oxycrate ; and vinegar, when applied to 
fores in animal bodies, is known to flimulate and refill 
putrefa&ion. When weak, it poffeffes the virtues of water ; 
when ilrong, its effe6U approach to thofe of falts and acid 
fpirit. Med. Eff. Edinb. vol. v. art. 24. 

It is one of the mod certain antiphlogiftics and fudorifics 
in high fevers, and one of the bell prefervatives again If 
peftilential and other putredinous contagions. Accordingly 
Boerhaave informs us, that Francifcus de la Boc Sylvius 
vifited his patients in the plague with fafety, by drinking 
firft an ounce or two of vinegar. And it is now a common 
pra&ice to wafti and fpr inkle the rooms of hofpitals, the 
decks of ftiips, 8cc. with vinegar, in order to purify the 
air. Dr. Hales (Ventilators, parti, p. 46. ) recommends 
dipping many cloths in vinegar, and hanging them up in all 
proper vacancies between the decks of fhips, and in the 
chambers of fick perfons, by which great quantities of 
vinegar would intermix and float in the air ; and he found 
by an experiment, mentioned in his Statical EITays, vol. i. 
p. 266, that an air which paffes through fuch clotliB, could 
be breathed to and fro as long again, as the like quantity of 
air which was not impregnated with vinegar. Fainting, 
vomiting, lethargic and hyfteric paroxyfms, are like wife 
frequently relieved by vinegar, applied to the mouth and 
nofe, or received into the ftomach. Lethargic perfons are 
often found to be excited more effe&ually by vinegar blown 
into the nofe, than by the far more pungent volatile fpirits. 
Boerhaave obferves, that this acid counteracts, in a peculiar 
manner, the effeCts of fpirituous liquors. The daily ufe 
of vinegar with food is falutary in hot, bilious difpofitions, 
and where there is a tendency to inflammation or putrefac- 
tion. It is prejudicial to children, to aged, hyfterical, and 
hypochondriacal perfons ; in cold, pale, phlegmatic habits, 
where the veflels are lax, the circulation languid, and the 
power of digeftion weak. It tends in all cafes, if ufed 
freely, to prevent corpulence. Hoffman fufpeCts that it 
produces this effect by impeding the formation of chyle, or 
deftroying the union of the unCtuous and ferous fluids of 
which chyle is compofed ; an effeft common to all acids, as 
appears from their coagulating milk and artificial emulfions. 
Dr. Lewis obferves, that he has known great corpulence 
reduced by the liberal ufe of vinegar, but not with im- 
punity: difeafes fucceeding, which eluded the power of 
medicines, and proved at length fatal. 

Combinations of vinegar with different earthy bodies, 
differ in virtue according to the nature of the earth. A 
folution of the aluminous earth in this acid is ftrongly 
ftyptic ; of vegetable earth, or magnefia alba, bitterilh and 
gently purgative : both thefe folutions are milder, and lefs 
ungrateful, than thofe of the fame earths made in the mineral 
acids ; and, though as yet unknown in pra&icc, certainly 
defierves, as Dr. Lewis fays, to be introduced. Solutions 
Vol. XXXVII. 
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of different animal and the calcareous mineral earths are bi* - 
terifli and fubauftere, in various degrees, and fuppofed to 
a& as mild refolvents, fuballringents, or diaphoretics. 
Combinations of vinegar with fixed alkaline falts are ufefut 
aperients, diuretics, and cathartics. Dr. Lewis has known 
two drachms of the alkali, diffolved in as much vinegar as 
was fufficient to faturate it, occafion ten or twelve copious 
watery {tools, and a plentiful difeharge of urine, without 
griping or fatiguing the patient. Mixtures of alkali and 
diddled vinegar, evaporated to a dry fait, are kept in the 
{hops ; either in a brownifti oily ftate, as obtained by fimple 
evaporation, or purified to perfe6t whitened, by gentle 
fufion or folution in water. Thefe preparations are given 
in doles of ten or twenty grains as mild aperients, and to a 
drachm or two as purgatives and diuretics. See Tartar, 
Regenerated , Sal Diureticus , Terra Foliata , and Ar- 
canum Tartan . 

Combinations of vinegar with volatile alkaline falts, com- 
monly made with diftilled vinegar, added gradually to the 
fait, till the effervefcence ceafes, fcarccly yield any folid 
fait ; the faline matter evaporating with the watery fluid, or 
even before it : on diddling the mixture in a retort, a fait 
fometimes concretes about the fides of the receiver, but 
liquefies again as the veflels grow cold. Thefe mixtures, 
called fpiritus Mindereri , have little purgative virtue, but 
operate powerfully as aperients ; by urine, if the patient 
walks about in the cool air ; by perfpiration or fweat, if 
kept warm in bed. They are principally made ufe of in 
this laft intention, in dofes of half an ounce ; and, as they 
adt without irritation, they have place in inflammatory cafes, 
where the warm fudorifics, if they fail of exciting a fweat, 
aggravate the diftemper. Vinegar and honey, or oxymel, 
of the confiflcncc of a fyrup, fwallowcd warm, is very good 
in many cafes of fore throats ariling from colds. A very 
important medicinal virtue has been attributed to vinegar, 
namely, that of curing the canine madnefs. See Hydro- 
phobia, and Madness from the Bile of enraged Animals. 

M. Buchoz, in a work, entitled “ An hiitoiical Trcatife 
of Plants growing in Lorraine, &c.” affirms, that feveral 
fuccefsful trials have afeertained the efficacy of vinegar 
againft the ill effe&s arifing from the bite of mad dogs, 
when it is given in the quantity of a pound each day, 
divided into three dofes ; one to be taken in the morning, 
another at noon, and a third in the evening. Upon the 
whole we (hall here obferve, that vinegar, taken into the 
ftomach, afts as a refrigerant, promotes diaphorefis and the 
difeharge of urine ; and is a powerful antinarcotic : exter- 
nally its a&ion on the living fibre is moderately {limulant 
and aftringent. In inflammatory fevers it may be ufed to 
acidulate the ordinary beverage. It is given as a remedy in 
putrid difeafes and feurvy ; and is the moll eafily procured, 
and the beft means of counteracting the fatal effeCts of over- 
dofes of opium, and other narcotic poifons ; for which pur- 
pofe it Ihould be adminiftered in table fpoonfuls, frequently 
repeated, after the ftomach has been emptied by a proper 
emetic. It is employed as a glyfter in obftinate coftivencfs ; 
and externally, in the form of fomentation, or of lotion, is 
applied in burns, bruifes, fprains, and chronic ophthalmia ; 
and diluted with water, it is the beft lotion for clearing the 
eye of fmall particles of lime, when they adhere to any part 
of the ball, or the lids. Its vapour is inhaled in putrid (ore- 
throat ; and diffufed through fick rooms, with the view of 
neutralizing peftilential effluvia ; but as a fumigation it has 
little efficacy. The dofe of vinegar is f 5 j to i 5 *j I an ^ l ^ e 
quantity given in clyfters f Jj to f Jij. See on the fubje& of 
this article, Boerhaave's Eiem. Chem. by Dallowe, part iii. 
p. 146, dec. Neumann’s Chem. by Lewis, p. 458, &c, 
D d 
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Dift. Chem. Lewis’s Mat, Med. Thomfon’s Lond. 
Difp. See alfo Acetic Add , Acetite, Acetous Add, 
and Acbtum. 

Vinegar, in Rural Economy , is an acid or cooling liquid 
that may be made ufe of with confidcrable benefit in dif- 
ferent forts of field labour, in mixture with water or other 
fluids, as quenching thirft very effectually, without flimu- 
lating or increafing the heat of the body too greatly. It 
has been itated, on the authority of a manufcript paper 
found in poffeflion of fir William Pulteney on the ufe of 
vinegar, by the writer of the Corrected Report of the Agri- 
culture of the County of Middlefex, that during the fir ft 
American war, the interruption given by our cruizers to 
the trade of that country, and tome other eircumftances, 
prevented the inhabitants of it from procuring proper fup- 
plies of molaffes for their diftilleries, and a diftrefs was ex- 
perienced, particularly in harveft-time, from the want of 
rum to mix with water, which was the drink of their labour- 
ers. It is commonly known, the writer thinks, that cold 
water is dangerous, when ufed by perfons heated with 
labour, or by any fevere exercife ; and yet it is neceffary to 
fupply the walte and exhauftion of perfpiration in fome 
mode or other. When rum or wine is added in fmall quan- 
tity to water, it may be ufed, even if cold, with little 
danger : it would, however, be fafer, it is fuppofed, if a 
little warm water were mixed and employed in fuch cafes. 

On this account, Dr. Ru(h, of the fame country, after 
making proper experiments on the fubjeCt, recommended in 
a publication, that inftead of rum, which could not then be 
had, the labourers in harveft fliould mix a very fmall pro- 
portion of vinegar with the water they made ufe of as 
drink. Some years afterwards, in another publication, the 
fame writer mentioned that the praCtice had been adopted, 
and had fuccecded even beyond his expectations ; indeed fo 
much fo, that in many places vinegar was (till continued to 
be ufed, though rum could eafily be had. The preference 
of vinegar to rum is accounted for in this manner : fevere 
labour or exercife excites a degree of fever ; and that fever 
is increafed by fpirits or fermented liquor of' any fort ; but 
vinegar, at the fame time that it prevents mifehief from 
drinking cold water during the heat and perfpiration occa- 
fioned by exercife, allays the fever ; and the labourers found 
thcmfelves more refrefhed and lefs exhauiled at night, when 
vinegar was ufed in Head of rum. 

The exadf proportion of the vinegar is not known by the 
writer, but it is fuppofed that it was not more than about 
a tea-fpoonful to half a pint of water. 

The difeovery, it is faid, was not altogether new, as the 
Romans ufed vinegar to mix with water for the drink of 
their foldiers. 

The writer of the above agricultural report adds to 
this, that M. Denon, a celebrated French draughtfman, 
who accompanied their army while it was in Upper Egypt, 
experienced the advantage of vinegar mixed fomewhat in 
this way in that burning climate, which he relates in this 
manner : “ I cooled the heat of my blood with vinegar, 
which I mixed with water and fugar, and drank of it 
largely.” 

independently of this, however, the fame writer ft ate s, 
that the quality of water, which produces the ill effefts 
above deferibed to perfons drinking it cold, when under 
any confiderable degree of perfpiration, may probably be 
corre&ed by the fimple addition of fkim-milk. The la- 
bourers in fome dlftriAs of this kingdom, it is faid, during 
harveft, make ufe of no other beverage than milk and water, 
which is found to allay the fever, and quench the thirft, 
much more than beer. At the fame time, the labourers are 
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glad when they can get beer or ale, though they coufefii 
that they are much fooner thirfty after drinking eitner, than 
they are after drinking milk and water, or it would feem 
than vinegar and water. 

As it is neceffary to have good and well-kept vinegar in 
this intention, as well as for Tome domeftic and other pur- 
pofes, it may be proper to confider the nature of it, and the 
means of preferving and preventing the decompofition and 
injury of it in any way. Where good vinegar is wanted, 
wines of good quality are neceffary, as the beft kinds of it 
are thofe that have been made from generous wines. The 
more fpirituous the wine is, and the more of this vinous 
fpirit that can be retained in the vinegar, of courfe the 
better and ftronger it will be, and confequently the more fit 
for the above ufes. In regard to the means of its preferva- 
tion, they principally confift in defending it well againft .he 
a&ion or influence of the external air, by keeping it in 
proper veffels, well clofed, and placed in cool fituations. Xtcr 
alterations and injuries may likewife be further retarded, 
where neceffary, by depriving it of a portion of the water 
which it contains ; for which purpofe, nothing more is 
wanted than to juft let it boil for an inftant ; but the veffels 
which are employed in this kind of bufmefs (hould obvioufly 
not be made of copper. The procefs too, which has been 
propofed by fome with a fimilar intention, is quite fimple ; 
it conflfts in filling with this acid glafs veffels of a proper 
kind, which are to be then placed in boilers full of water ; 
the water being in this cafe made to boil for a full quarter 
of an hour, after which the vinegar in the veffels is taken out, 
when it may be kept for feveral years without undergoing 
any alteration or decompofition. Diftillation, too, has been 
advifed as a means of preferving vinegar ; but befides the 
circumftance of its being a tedious and difficult procefs, it is 
apt to deprive the acid of the agreeable fmell and tafte 
which are peculiar to it in its natural ftate, and which is 
always defirable, but more efpccialty when for ufe in the 
above intention. And the fame is the cafe with vinegar 
that has been concentrated by freezing. The acid by this 
fimple operation becomes much ftronger, and capable of 
being kept for a much greater length of time ; but it ac- 
quires fomething of a burnt fmell and tafte, which render it 
unfit for being employed for many domeftic purpofes, as 
well as that above ftated. 

There is another manner of accomplifhing this bufinefs by 
a faline fubftance, which is that of fea-falt, or muriate of 
foda, which is advifed by fome to be added to vinegar, a9 
being able to preferve it, and which fucceeds well enough 
in fome cafes, though it is not without its inconveniences ; 
for the vinegars that contain this material grow turbid, 
and at length lofe their primitive qualities. But though it 
may not fucceed quite fo perfectly as might be wifhed, it 
may ftill be employed in certain cafes with advantage, efpe- 
ciaily if the quantity of fait that is neceffary to be added to 
the vinegar be not in too large a proportion. 

What refpe&s the figns by which vinegar may be known 
to be good, adulterated, or fpoiled, deferve confiderable 
attention, as nothing is more common than to meet with 
vinegars that are of bad quality. Two caufes principally 
contribute to their being in that ftate : the firft of which is, 
that they have been manula&ured or prepared with weak 
wines, or fuch as are already in a fpoiled condition 5 the 
fecond, that they have been mixed with acrid fubftances, 
fuch as pimento and others ; or that mineral acids, fuch as 
the fulphuric or muriatic, have been added to them. Nothing 
is, however, more eafy than to deteft fuch frauds and im- 
pofitions, it being fufficient for the purpofe to merely fatu- 
rate a given quantity of potafli with the vinegar which is 
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fufpe&ed of adulteration, and to compare the quantity of 
vinegar that has been obliged to be employed before a com- 
plete faturation could be obtained, with that confumed in a 
fimilar trial made with vinegar, the good quality of which is 
well known ; and by evaporating or reducing the fubftance 
of the folution nearly to drynefs afterwards, the nature 
of the material employed may be afcirtained. And 
as to the acrid vegetable fubftances that may have been 
mixed with it, they may be readily recognized by their 
tafte, which will be altogether different from that of the 
vinegar, and which will become the more perceptible, the 
more the acid ha6 been concentrated or reduced by evapo- 
ration, or any other means. 

It may be noticed in general, that vinegar which 
has not been adulterated, or which has not been fpoiled 
by an incipient decompofition, is readily and eafily 
known by its penetrating acid tafte, its tranfparency, 
and itB agreeable fmell, which becomes ft ill more developed 
if fome of the vinegar be rubbed between the hands, or in 
any other way. 

In fome of thefe modes, vinegar that is fit for ufe in the 
above intention, and for other purpofe6, may be readily 
known. 

Vinegar is frequently alfo of much utility and advantage 
as an application in different cafes of bruifes and flight 
fwelling8, arifing from blows and other accidents among 
different kinds of live-ftock or domeftic animals. 

Vinegar of Antimony , is an acid fpirit, beft made by 
<lift illation from the ore of antimony. See Antimony. 

Its ufe is recommended in continued and malignant 
fevers. 

Vinegar, Aromatic , of the Edinb. Ph., is prepared by 
taking of rofemary tops dried, and fage leaves dried, of each 
4 oz. ; lavender flowers dried, 2 oz. ; cloves bruifed, 2 dr. ; 
and diftilied vinegar, 8 lbs. : macerating thefe ingre- 
dients for feven days, and filtering the expreffed liquor 
through paper. The odour of this liquid, which is a folu- 
tion of the volatile oils of the fubftance employed in vinegar, 
is pleafant, pungent, and aromatic ; and it is a grateful per- 
fume in fick rooms, but cannot be regarded as a pro- 
phylactic from fever, or other contagions. 

The aromatic fpirit of vinegar, originally invented and 
fucceffively improved by the Tate ingenious and rcfpeCt- 
able Mr. Henry of Manchester, is compofed of highly 
concentrated vinegar, joined with the moft pleafant aromatic 
and efficacious antifeptics, and may be kept unimpaired for 
any length of time, and in any climate. Its fragrant odour 
adapts it for affording relief in head-aches, faintings, &c. 
and renders it peculiarly grateful and refreihing in crowded 
rooms, places of public refort, and the apartments of the 
flek. ft is alfo laid to counteract the infection of con- 
tagious difeafes. 

Vinegar, Dtflilkdt is the fpirituous acid of vinegar ob- 
tained by diftillation. The procefs of diftilling vinegar is 
very Ample. A quantity of good ordinary vinegar is put 
into a large cucurbit or Hill, which ought to be made of 
ftone-ware, and not of metal, as the acid of vinegar is ca- 
pable of adting upon moil metals. This cucurbit is funk 
m a deep furnace, fo that five or fix fingers’ breadth only 
near its neck appear* The neck is to be carefully luted 
with clay all round the furnace, that the capital may not be 
heated too much. A capital and a glafs receiver are then 
to be fitted, and the diftillation is to be begun with a very 
gentle heat. The acid fpirituous liquor panes by drops into 
the receiver. This liquor is white, tranfparent, penetrating, 
fomewhat empyreumatic, and difengaged from an acid, but 
mot fpirituous fubftance, and alfo from an extra&ive fapo- 
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naceous matter, both which are contained in ordinary 
vinegar. Thefe latter fubftances remain in the ftill with the 
colouring matter, and form together an extremely acid ex- 
tra6t of vinegar. This refiduum contains alfo fome tartar, 
and by incineration yields much fixed alkali, as all matters 
belonging to vines, grapes, and wine do. 

The thicker vinegar is, the lefs fit it proves for diftil- 
ation, as there is always the greater danger of an empy- 
reuma, or burnt fmell, which would fpoil the whole pro- 
cefs, and as it ufually in this cafe comes over oleaginous. 
And the pureft white fait of tartar, faturated with this dif- 
tilled vinegar, being afterwards ignited, turns black, and 
yields a fmell extremely like that of crude tartar in the cal- 
cination. Shaw’s Chemical Effays. 

On the other hand, the more the vinegar is diluted im- 
mediately before diftillation, the lefs danger there is of 
burning ; and if the thick remaining mafs, when the thinner 
part is diftilied from it, be again diluted with water, it may, 
by a fecond diftillation, be brought to afford an acetous 
fubftance ; though this latter be by no means comparable 
to this former volatile part. This Vigani juftiy fufpefts to 
be a circumftance known but to very lew. And even when 
the vinegar is diftilied with the utmoft labour and care, it ftill 
has this effedt in a higher degree, and contains an immenfe 
quantity of phlegm, in proportion to its acid fait. 

In this cafe, the method of condenfation by freezing is of 
the utmoft fervice ; firft of all feparating the more aqueous 
part, and in the next place that which is fomewhat acetous, 
though not comparable to what remains behind ; fo that, 
by this means, a moft concentrated and fubtle fpirituous dif- 
tilled vinegar may be produced, viz. by freezing the whole 
parcel of diftilied phlegm and diftilied vinegar together, a 
thing of great moment to the curious in th echcmia fublimior , 
and particularly to thofe who underftand Hollandus. And 
when the vinegar is froze without diftillation, by this means 
you have a noble rob, or a rich concentrated vinegar, freed 
from its diftillating aqueous and ufelefs part. Vigani, 
Medull. Chem. 

The Lond. Ph. dire&s the acetic acid to be diftilied 
from a gallon of vinegar in a glafs retort, placed in a fand- 
bath, into a glafs receiver kept cool ; the firft pint to be 
thrown away, and the fix fucceeding pints which are dif- 
tilled to be preferved. The diftilied acetous acid of the 
Edinb. Ph. is prepared by diftilling 8 lbs. of the acetous 
acid in glafs veffels, with a gentle heat, rejecting the 2 lbs. 
which firft came over, as being too watery ; and the 4 lbs. 
that follow will be the diftilied acetous acid : the refidue 13 
a ftronger acid, but too much burnt. The diftilied vinegar of 
the Dub. Ph. is obtained by taking of wine vinegar ten 
pints, and diftilling with a gentle heat fix pint 9 : the dif- 
tillation is to be performed in a glafs veffel, and the firft pint 
which comes over rejected. The fpecific gravity of this 
acid is to that of water as 1006 or 10095 10 *000. (See 
Acetous Acid.) Darracq has afeertained (Annales de 
Chimie, xli. 264.) that diftilied vinegar differs from acetic 
acid, by containing fome uncombined mucilage and ex- 
ira&ive matter, but that the acids are otherwise the fame. 
To this extractive it is owing, that when diftilied vinegar is 
boiled with potafa, the folution has a deep reddifh-brown 
colour, and during evaporation carbonaceous matter is de- 
pofited. Sulphuric acid is detefted by a precipitate being 
produced on tne addition of a folution of acetate of barytes ; 
lead, by a folution of fulphuretted hydrogen, forming a 
dark-coloured precipitate \ and copper, by its affuming a 
blue colour, when fuperfaturated with ammonia. The 
medical properties and ufes of diftilied vinegar are the fame 
with thofe of common vinegar ; but, being purer, and lefs 
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liable to fpontaneous decompofition, it is fitter for pharma- 
ceutical purposes. Thomfon's Difp. 

Vinegar, Concentrated . See Concentration. 

Vinegar of head, is a liquor formed by digefting ceruffe 
or litharge, with a fufficient quantity to diffolve it perfectly. 
This is called the acetum lithargyrites, and is prepared by di- 
gefting four ounces of litharge about three days in a fand 
heat, with a pint of ftrong vinegar, now and then fhaking 
the veffel. The liquor, filtered, will receive a ftrong im- 
pregnation from the litharge, and will be found to have dif- 
folved about one-tenth of it. When a faturated folution is 
required, the ceruffe is preferred to the litharge. Tins vine- 
gar is of the fame nature with folutions of faccharum fa- 
turni, and when diluted with a large quantity of water, it 
abates external inflammations, the itching and other unea- 
fineffes in cancerous ulcers ; and before Mr. Goulard’s prac- 
tice, it was ufed for bathing inflammations in fcirrhous tu- 
mours, to present their becoming cancerous. Inflamma- 
tions and inflammatory tumours, in general, are difpcrfed 
by it. Dr. William Saunder6 has obferved, that the acetum 
lithargyrites, or Goulard’s extrad, is not the fame in its 
operation and powers as the faccharum faturni, as medical 
pra&itioners have generally fuppofed. In the preparation 
of the former, the acid is fully faturated with lead ; but in 
that of the latter, the acid is in a much greater proportion 
to the lead. The former, when diluted by the pureft dif- 
tilled water, gives out a copious precipitation, which he 
finds, by experiment, to be ceruffe. The latter remains 
diffolved in diftilled water, and is, therefore, applied topi- 
cally in a ftate more immediately a&ive, both on account of 
its greater proportion of acid, and its preferving its fallibility 
under high degrees of dilution. He has alfo found by ex- 
periment, that, by adding a very fmall proportion of dif- 
tilled vinegar to the aqua faturnina of Goulard, the white 
precipitate is rediffolyed, and that the folution procured in 
this manner is more a&ive, but lefs adapted to remove in- 
flammation, and abate irritation, as a fedativo, than the aqua 
faturnina itfelf. Dr. Saunders, however, is perfectly con- 
vinced that no degree of dilution of faccharum faturni will 
anfwer the many valuable purpofes obtained from the ufe of 
the acetum lithargyrites. Water alone, in the cafe of the 
aqua faturnina, proves a precipitant of lead, by attra&ing 
the acid, and reducing the preparation to a ftate of ceruffe, 
an intermediate ftate between lead a”d the faccharum faturni ; 
fo that ceruffe diffufed in water more nearly refembles the 
aqua faturnina of Goulard, than a folution of the faccharum 
faturni does. The faccharum faturni may be confidered as 
an union of ceruffe with vinegar ; whereas Goulard’s ace- 
tum lithargyrites is an union of lead with vinegar. See Per- 
cival’s Phil. Med. and Exp. Eff. 1776. Append, p. 323, 
6cc. See alfo Lead. 

Vinegar of Meadow Saffron , Acetum Colchici , is ordered 
by the London College to be prepared by taking of the mea- 
dow faffron root (bulb) fliced, 1 02.; of acetic acid, a pint; 
and of proof-fpirit, a fluid-ounce ; macerating the root with 
the vinegar in a covered glafs veffel for twenty-four hours, 
then exprefling, and fetting the liquor afide, that the fecu- 
lencies may fubfide, and adding the fpirit to the clear liquor. 
This is given as a diuretic in afeites and hydrothorax, but is 
lefs to be depended on than the fquill. The dofe is from 
fjfs to f 5j, united with honey, or any bland fluid. See 
OoLCHicuM and Meadow Saffron. 

Vinegar, Portable , a name given by the chemifts to a 
.urt of vinegar -powder, or vinegar in a dry form, it is a 
reparation of tartar with vinegar, and is made in this man- 
ner : Take white tartar, half a pound ; let it be carefully 
wafhed, then dried and powdered ; infufe this powder in the 
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ftrongeft wine-vinegar ; then dry it, and infufe it again, re- 
peating this operation ten times : after this the dry powder is 
to be kept for ufe. At any time, a fort of extemporaneous 
vinegar may be made by diffolving a fmall quantity of this 
powder in any proper liquor. 

Vinegar, ProphylaBic. See Acetum Prophylafticum. 

Vinegar, Radical, is a name given to the acid of vinegar, 
highly concentrated, by diitilling verdigris, or cryftals of 
verdi gris, &c. See Acetic Acid. 

M. de Laffone has lately found, that in the procefs of 
(Milling verdigris for this purpofc, a fluid efcapes o f the 
nature of thofe called by the ancient chemifts gas, and by 
the moderns fixed air ; and he alfo obferved, that if the dis- 
tillation be impended the moment before the acid concen- 
trated vapours appear under a white form, copperiih flowers 
are obtained : before this period, the radical vinegar con- 
tains no copper ; it only begins to contain fome, when the 
copper] Ih flowers, carried along by the acid vapours, mix 
themfelves with this vinegar : it it is then redlified by a new 
diftillation, thefe flowers are no more fublimed, and, there- 
fore, a radical vinegar, exempt from copper, may be ex- 
tracted from verdigris. The eopperifh flowers are in a 
high degree cauftic, and may be confidered as a violent poi- 
fon. Hift. Acad. Sc. Par. 1777. 

Vinegar of Rofis. See Acetum Rofaium . 

Vinegar of Squill. See Squill. 

Vinegar, Eels in. The common opinion, from the dii- 
covery of eels in vinegar, that its iharpnefs to the t.ifle was 
occafioned by thefe animals, caufrd the accurate Leeu- 
wenhoeck to attempt a careful examination of it by the 
microfcope. 

Some of the ftrongeft and fharpeft vinegar, after having 
been expofed for fome hours to the air, and afterwards exa- 
mined by the microfcope, entertains the fight with a number 
of corpufrles, called the falts of vinegar, which arc acute at 
both extremities, and have many of them in the middle c n 
oblong figure of a brown i/h colour, and others were altoge- 
ther clear, pellucid, and bright as cryftal. Others of thefe 
particles appeared of an oval figure, and fome of the half 
of fuch a figure, hollowed like a fmall boat, or the half of 
a nut-ihell. The more perfect figures, pointed at both 
ends, and pellucid, are fo very minute, that fome thoufands 
of them are comprehended in a fmall drop. 

Thefe feem to be what a fled, the tongue with the acid 
lharpnefs, when wc tafte vinegar ; and it is very probable, 
that befide thefe, minute as they are, there are multitudes of 
others, equally pointed, and infinitely fmaller than thefe. 

If vinegar be placed in an open glafs, and fuffered to re- 
main fome weeks, the fnrface of it will be found, on exa- 
mination with good glalfes, to be full of the fame figures, 
double-pointed, and very pellucid ; and in thefe, very often, 
there may be cavities plainly difeovered ; but examining the 
liquor a little deeper down, there are found numbers of mi- 
nute eels ; yet thefe, though minute, are prodigioufly larger 
than the fait particles, and can never be fuppofed to be the 
occafion of the lharpnefs of vinegar to the tafte, by any 
who rightly confider, fince it is not all vinegar that contains 
them ; nay, the much greater part of vinegar is wholly 
without them, and in winter they all die ; yet vinegar is not 
lefs ftiarp at that feafon than in the fummer. 

Mr. Mentzelipa was fo lucky as to fee thefe undergo their 
lad metainorphofis, and change into fmall flies ; and though 
this is a Angle inftance, in regard to the microfcopical world 
of animalcules, yet it is highly probable that the whole race 
of thofe, whofe appearance in medicated fluids we have been 
fo long puzzled to account for, may, like thefe, be the 
worm-ftate <pf fome winged aerial infeft, and have owed 
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their origin, where we fee them, to the eggs of parent flies, 
too fmall for our fight. Reaumur, Hilt. Inf. vol. iv. 

If vinegar be impregnated with crab's-eyes, or any other 
alkaline fubftance, which blunts, and in a great mealure de- 
ftroys its acidity, thefe double-pointed figures are no longer 
found in it, on a microfcopical infpeftion ; but in their 
places we find others with an oblong quadrangular bafe, 
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from which they fhoot up into pyramids, and appear like 
poliftied diamonds. Thefe are alfo fo very minute, that fix 
thoufand of them are computed to be contained in a drop of 
the liquor, no larger than two corns of barley 5 and thefe 
will be ufually found all of the fame fize, or very nearly fo, 
which is by no means the cafe with the other forts of vinegar 
in its natural ttate. See Microfcopic Eels. 
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VITRIOL, Native, in Mineralogy, is a fubllance of 
greyifli or yellowilh -white, apple or verdigris -green, or fky- 
biue colour ; and when decompofed, covered with an ochrey 
cruft. It occurs in mafs, diffeminated, ftala&ical, and ca- 
pillary. Externally it is rough and dull ; internally it io 
more or lefs Aiming, with a vitreous or filky ftru&ure. Its 
fra&ure is generally fine and ftraight fibrous, fometimes alfo 
lamellar and conchoidal. It is foft, brittle, and tranflucent, 
and has an acerb metallic flavour. It is more or lefs foluble 
in water, and is a mixture in various proportions of the ful- 
phate of iron, copper, and zinc. It is not unfrequently 
found in caverns and ftiafta, in argillaceous fchiftus, and in 
old mines, efpeciaiiy fuch as abound in blende and pyrites. 
Aikin. 

Some take the word vitriolum to be ufed quafi vitri oleum , 
becaufe of its Alining colour ; but Menage rather derives it 
a vitreo colore : the Latins call it atramentum futorium ; and 
the Greeks, chalcantbus. 

It acquires different names, according to the different 
places where it is dug ; and the vitriols of thofe alfo differ 
from each other in denomination and colour ; fome being 
•while, others blue, and others green . 

Roman and Cyprus vitriol, for inftance, is blue ; and 
that of Sweden and Germany, commonly called Englifli 
vitriol, is green ; befides which there is alfo a white kind, 
called GoAar vitriol. 

Vitriol is very commonly called by the manufa&urets 
ropperas ; accordingly, we conftantly near of green, blue, 
and white copperas. The conftitu*Mit parts of the different 
kinds of vitriols were not underftood by the ancients fo well 
as they are at prefent : they feem to have had an idea, that 
copper was the bafis of them all : hence the Greek term for 
vitriol, chalcanthus, the efflorcfcence of copper, and the 
Latin one, caper of a or cupri rofj, the flower or efflorcfcence 
of copper ; from which, fays Dr. Watfon, the French 
rouperofe , i’nd our copperas, arc evidently derived See 
OAJJttUM. 

ooiiu* moderns take the chaleith, or i hale ant hum of the 
ancients, which they fuppofed to be a native vitriol, that 
had acquired, according to their opinion, its full perfe£lion 
in the entrails of the earth, and which is a kind of mineral 
flone, of a reddifh colour, to be the fame with that chal- 
canthum brought from Sweden and Germany 5 the beft of 
which is of a brownilh-red colour, and a vitriolic tafte, and 
diffolves eafily in water ; and when broken, is of the colour 
of fhining copper. See Vitriolic Mineral * . 

The vitriols which nature prepares are never to be met 
with in commerce ; they ferve to adorn the cabinets of the 
curious, but they are neither fufficiently pure for the pur- 
poses to which common vitriols are applied, nor are they 
found in fufficient quantities to anfwer the demand which is 
„nadc for them. 


V iTKio.T<, in Chemiflry, is a term that is now applied to 
every combination of the acid of fulphur with any metallic 
fubfl tance : three of thefe combinations, however, are more 
particularly diftinguifhed, being of great ufe in various 
manufactures ; viz. green vitriol or fulphate of Iron (which 
fee), blue vitriol or fulphate of copper (fee Copper ana Cop- 
peras), and •white vitriol or fulphate of zinc, (See Zinc. ) 
The acid in all thefe vitriols is the fame ; the metallic bafis 
of the green vitriol is iron, that of the blue vitriol is copper, 
and that of the white vitriol, zinc. 

According to the analyfis of fir Torbern Bergman, 
(Effays, by Cullen, vol. i. p. 180.) 100 parts of blue 
vitriol, or variolated copper, cryftallized, contain 26 of 
copper, 46 of vitriolic or fulphuric acid, and 28 of water. 
According to Kirwan, 100 parts contain 30 of real acid, 
27 of copper, and 43 of water. The tafte is acefcent, aeru- 
ginous, and cauflic ; it calcines in heat ; one part, in a mo- 
derate heat, requires nearly four parts of water, but much 
lefs of boiling water. Of white vitriol, or vitriolated zinc, 
100 parts contain 20 of zinc, 40 of vitriolic acid, and 40 of 
water. According to Kirwan, 100 parts contain 22 of 
acid, 20 of zinc, and 58 of water. In a moderate heat, 
one part requires more than two of water, but much lefs of 
boiling water. Its tafte is acefcent, aftringent, and cauflic. 
Of green vitriol, or vitriolated iron, 100 parts contain 23 of 
Von, 39 of vitriolic acid, and 38 of water. According to 
Mr. Kirwan, 100 parts of it, recently cryftallized, contain 
20 of real acid, 25 of iron, and 55 01 water. In moderate 
heal, one part requires fix of water, but three-fourths of 
boiling water. In heat it fplits into a yellow powder; in 
the fire, into a ferruginous powder. The tafte is acefcent, 
ftyptic, and cauflic. 

Green vitriol is often met with native in our coal-mines. 
From an old cannel coal-pit, near Wigan in Lancafhire, 
Dr. Watfon procured a confiderable quantity of it, very 
well cryftallized ; and Dr. Rutty has obferved, that the 
vitriolic water at Haigb, in Lancafhire, is the ftrongeft in 
Britain, yielding 1920 grains of vitriol from a gallon of 
water. See Vitriolic Waters . 

The green vitriol, or fulphate of iron, commonly called 
Enjjiifh vitriol or copperas, and the Roman vitriol of the 
Italian writers, is prepared at Deptford, near London, and 
many other places, from martial pyrites, which is a native 
fulphuret of iron, and is found in abundance on Shcppey 
ifle, the ifle of Wight, and various other parts of the Efiex, 
Kentifti, Suffex, and Dorfetfhire coafts. By expofing this 
to the air in large beds, oxygen is abforbed ; the fulphur 
becomes fulphuric acid, and the new-formed fait is feparated 
by wafhing, & c. 

Much after the fame manner vitriol is made from the py- 
rites found among coal : there are manufa&ories of it near 
Wigan, at Whitehaven, at Newcaftle-upon-T yne, and in 
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feverai otner parts of the kingdom. But all the vitriol 
works havj funk in value of late years ; the home confump- 
Vim jf vitriol being much diminifhed, fince the acid, which 
ufed to be procured from the diilillation of vitriol, has been 
obtained from the burning of fulphur. For the ancient and 
modern method of obtaining this acid, we refer to the article 
Sulphuric Acid . 

It is not eafy to determine when this method of making 
vitriol was introduced into England. In the beginning of 
the reign of queen Elizabeth, a patent was granted to Cor- 
nelius Devoz for making alum and copperas ; but it was 
not till towards the end of the 17th century, that this art of 
making vitriol was brought to fo great a perfe&ion as to 
enable us to export any of it ; and indeed Dr. Campbell 
(Surv. of Brit. vol. ii. p. 21.) allures us, that at the latter 
end of the 17th century we imported annually about five 
hundred tons of vitriol, and that we now export upwards of 
two thoufand tons. It appears from fir Charles Whit- 
worth’s Regifter of Trade, N° 1, that there were exported, 
from the port of London alone, near four hundred tons of 
copperas in three months, in 1776. A fmall quantity of 
vitriol, perhaps to the annual amount of fifty or fixty tons, 
fays Dr. Watfon, is ftill imported into England ; fome par- 
ticular dyers, and other artift6, being of opinion, that the 
foreign vitriol, as containing a little copper, is more ufeful 
to them than the Englifh vitriol. It may be eafily known 
whether green vitriol contains any copper, by only rubbing 
the vitriol to be examined upon a moiftened piece of polifhed 
iron ; for if there is any copper in its compofition, the iron 
will be changed into a copper colour. 

Vitriol is alfo prepared from mineral waters that hold 
copper in folution, which is precipitated by“ iron : this folu- 
tion of iron is afterwards cryftallized, and always retains 
fome copper. In Hungary it is prepared from pyritaceous 
fchiftus, and in many places from a fpeeies of calamine ; the 
vitriol of Goflar commonly contains a portion of zinc, as 
that of Hungary and Saxony does of copper ; the Englifh 
and French vitriols are purer, and yet fometimes contain a 
fmall proportion of alum. Turf and peat are fometimes 
impregnated with vitriol; other earths alfo often contain 
vitriol and alum. This vitriol is fometimes found of a white 
colour, on the borders of the mineral lakes of Tufcany. 

Pure vitriol of iron is confiderably tranfparent, of a fine 
bright, though not very deep, grafs-green colour *, of a 
naufeous, aftringent tafte, accompanied with a kind of 
fweetiflinefs. DifTolved, and fet to cryftallize, it fhoots 
into thick rhomboidal maflfes, a part generally rifmg at the 
fame time in efflorefcences about the fides of the veflel. 
The folution depofits, in flanding, a confiderable quantity, 
and in boiling a much larger one, of the metallic bafis of 
thfe vitriol, in form of a rufty calx or ochre : iron feems to 
be the only metallic body that thus feparates fpontaneoufly, 
in any confiderable quantity, from the vitriolic acid. On 
exposing the vitriol itfelf to a moift air, a fimilar refolution 
happens on its furface 5 which, fooner or later, according 
as the acid is more or lefs faturated with the metal, changes 
its green to a rufty hue. In a warm dry air, it lofes a part 
of the phlegm or water, neceffary to its cryftalline form, 
and falls by degrees into a white powder. Expofed to a 
gentle fire, it liquefies and boils up ; but foon changes, on 
2ie exhalation of the watery part that rendered it fluid, to a 
folid, opaque, whitifh, or grey mafs : this pulverized, and 
urged with a ftronger fire, continues to emit fumes, becomes 
yellow, being the vitriolum caleinatum of the London and 
Edinburgh Difpenfatories ; afterwards red, and at length 
turns to a deep purplifh-red calx, called colcothar of vitriol, 
and the cbalcitu fattitia of the Paris Pharmacopeia, revivable 
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by inflammable fubftances into iron. This colcothar waj 
formerly fold at Paris for ten-pence a pound, and ufed foi 
giving the laft polifh to piate-glafs, at the great manufa&ory 
in the ftreet St. Antoine. The plate of glafs, when firll 
caft, is an inch thick ; its afperities are ground away with r> 
coarfe kind of grit-ftone, with fand and emery, of different 
degrees of finenefs, and it is at laft polifhed by colcothar. 
Dr. Watfon fuggefted to the proprietors of the piate-glafs 
manufa&ory, near Prefcot, in Lancafhirc, and to the pa- 
tentees for polifhing marble, at Afhford, in Derbyfhire, 
that colcothar, whicn is very cheap, might perhaps render 
the ufe of putty, or calcined tin, lefs neceffary. From the 
colcothar of vitriol is prepared the ens vctieris . 

From the green vitriol the vitriolic acid, now called fill- 
phuric acid, has been generally extracted ; by diftiliing the 
calcined vitriol in earthen long necks, with a ftrong fire con- 
tinued for two days or longer ; though it is now moftly ob- 
tained by colledling the vapour of burning fulphur. 

The diftilled fpirit appears of a dark blackifh colour, 
and contains a quantity of phlegm, greater or lefs, according 
as the vitriol has been lefs or more calcined. On committing 
it a fecond time to diilillation, in a glafs retort placed in a 
fand-heat, the phlegmatic parts rife firtt, together with a 
portion of the acid, and are kept apart under the name of 
fpirit, or weak fpirit of vitriol, fpiritus vitrioli tenuis of the 
London Difpenfatory : at the fame time, the remaining 
flrong fpirit , or oil, as it is called, lofes its black colour, 
and becomes clear ; in which Rate it is the acid am vitrnheum 
of the Edinburgh Difpenfatory, and the fpiritus vitrioli forti; 
of that of London ; and this is the ufual mark for difeou - 
tinuing the re&ification. 

The College of Edinburgh now dire£s a weak vitriolic- 
acid of more certain ftrength, made by mixing one part of 
the ftrong acid with feven parts of water : this is. called 
acidum vitriolicum tenue, vulgd [pi t it us vitrioli tenuis . Sec 
Sulphuric Acid. 

Blue vitriol \ or vitriol of copper, in commonly called 
Roman or Cyprian vitriol, or blue-ftone. After being long 
expofed to the air, it degenerates into a mixture of blue and 
rufty yellow. It requires about four times its weight of 
water to diffolve it in the temperature of 6o°. Its fpecific 
gravity is about 2.23. This fait rarely occurs cryftallized, 
Dut is often found naturally diffolved in water, in Hungary, 
Sweden, and Ireland ; from which water blue vitriol is 
generally prepared, by evaporating the water to a propei 
ftandard ; after which it is let out into coolers, where it 
fhoots into regular and beautiful cryftals of a rhomboidal 
form. See Ziment Water. 

It is alfo occafionally extrafted from fulphurated copper 
ores after torrefa&ion, by the application of water, or 
wafhed out by rain or fubterraneous waters. Mr. Cronftedt 
fays it is feldom free from iron and zinc. If a piece of 
clean polifhed iron be dipped into the folution of this fait, 
it will almoft immediately be covered with a cupreous coat : 
this, together with the deep blue colour arifing from mixing 
it with a volatile alkali, difeovers its bafis ; as its uniform 
mixture with other vitriolic falts does its acid. Hence it 
alfo appears, that the acid of vitriol has a greater affinity 
with iron than with copper, becaufe it quits copper to unite 
itfelf with iron. This fa£l explains, in a very latiiifa&ory 
manner, the nature of that tranlmutation cf iron into copper, 
which was formerly confidered as a perplexing phenomenon. 
Agricola fpeaks of waters in the neighbourhood of Newfol, 
in Hungary, which had the property of tranfmuting the 
iron which was put into them into copper. In the year 
1673, our countryman, Dr. Brown, vifited a famous copper- 
mine at Herm-Grundt, near Newfol ; and he informs us. 
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that lie there faw two fprings, called the old and new Ziment, 
-which turned iron into copper. The iron in this cafe is 
taken up by the water, and remains fufpended in it, in the 
place of the copper : fo that this tranfmutation is nothing 
but a change of place ; and as the copper is precipitated by 
the iron, fo the iron might be precipitated by pot-afh, or 
any other fubftance which has a greater affinity with the 
acid of vitriol than iron has. 

The caufc of the impregnation of thefe copper waters 
in Germany is not difficult to be explained. Moft copper- 
ores contain fulphur, and. when the fulphur is in any degree 
decompofed, its acid unites itfelf to the copper, and forms 
blue vitriol, which is the fubftance with which the waters 
iiTuing from the copper-mines are impregnated. The copper 
contained in thefe waters has been for fome centuries col- 
le&ed in Germany, by putting old iron into pits filled with 
the coppery water ; and thus the iron is difTolvcd, and the 
copper is precipitated, and being raked out in the form of 
mud, it is afterwards melted into very fine copper. The 
quantity of copper procured by an hundred tons of iron 
amounts fometimes to ninety tons, and feldom to lefs than 
eighty-four. Of late years fome fuccefsful attempts of 
this kind have been made in England and Ireland. See 
Copper. 

In the Ifle of Anglefey, near Paris mountain, which 
abounds in copper ore, the water in which the roafted ore 
is wafhed is fo ftrongly impregnated with copper, that they 
have found it ufeful to adopt the German method of pre- 
cipitating it by means of old iron, and they have obtained in 
one year near a hundred tons of copper, precipitated from 
this water. The water, after the copper has been pre- 
cipitated by means of iron, is at prefent thrown away ; 
whereas, by evaporation, it would yield green vitriol ; and 
as above a hundred tons of iron muft be employed in ob- 
taining the forementioned quantity of copper, Dr. Watfon 
fuggefis, whether a manufactory of green vitriol might not 
be eftablifhed at this and at all other places where copper is 
obtained by precipitation. One hundred tons of iron 
would yield, at the leaft, two hundred tons of vitriol, which, 
at the low price of 3 l. per ton, would defray the expence of 
extracting it ; more especially as the watery folution might 
be evaporated by a proper application of part of that heat, 
which is now loll in all the great fmelting houfes. 

Tin great e(t part of the blue vitriol, now met with in the 
fhop% is prepared in England, by artificially combining 
copper with its fulphur or its acid. The method of making 
the preparation by the glafs-makers is this : Take little thin 
pieces of brafs, and lay them ftratum fuper ftratum in a 
crhcible, with powder of brimftone. When the veffei is 
full, let it luted and covered in an open wind-furnace, with 
burning coals over it, and let it (land two hours ; then let 
the furnace cool of itfelf, and take out the crucible, the 
rnafs within will be of an obfeure blackifti-purple ; powder 
it and fift it fine, and then mixing with every pound of it 
iix ounces of powdered brimftone, take a round veffei of 
earth, that will bear the fire, place it upon iron bars fet 
acrofs in an open wind-furnace, fill it with coals, and then 
put in the powder ; keep it burning and ftirring about till 
all the brimftone is burnt up ; then take out the pan, and 
powder the calcined mafs again ; fift it fine, and proceed 
with it thrice as before ; the laft time let it Hand on the fire 
till it becomes red. Put a pound of this calcined copper 
into a glafs body, with fix pints of water ; evaporate two 
pints or thereabout in a land heat ; the water is then of a 
Sine blue, and muft be poured off clear ; then filtrate it. 
Evaporate the water from the remaining fediment of copper 
left hi the glafs, and with new fulphur calcine it again and 
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again ; repeat this five or fix times, and extraft the blue 
tin&ure with water as before ; filtrate all the waters, and 
put them together. Evaporate all to a fifth part, or there- 
abouts, and let it in a cool place, and fine pointed cryftals 
will be formed, refembling emeralds ; feparate thefe cryftals, 
and evaporate the water again, till all the cryftals be pro- 
cured. Then put a pound of them into a glafs retort, well 
luted, and fitted to a capacious receiver ; let the joints be 
well clofed, and make a moderate fire for four hours ; then 
make it violent for twenty hours, or till no more white fumes 
arife. The next day open the receiver, and leparate the 
liquor into a glafs, where it muft be kept carefully fealed 
up. Ncri's Art of Glafs, p.50. 

Very great things are to be done in the glafs art by means 
of this liquor ; the remainder in the retort expofed to the 
air for a few days, will acquire a blue colour, and this, 
mixed with zaffer, will give glafs a fine fea-green. The 
vitriol of copper is of an elegant fapphire blue colour ; 
hard, compad, and femitranfparent 5 when perfeftly cry Hal- 
ted, of a flattifh, rhomboidal decahedral figure 5 in tafte 
extremely naufeous, ftyptic, and acrid. Expofed to a 
gentle heat, it firft turns white, and then of a yellowifh-red 
or orange colour ; on increafmg the fire, it parts, difficultly, 
with its acid, and changes at length to a very dark red calx, 
reducible, by fufion with inflammable fluxes, into copper. 

Some writers hold vitriol to be the root or matrix of 
copper ; becaufe, in the copper-mines, they never dig 
deeper than the glebe, out of which the vitriol is drawn. 
For the ufe of blue vitriol in medicine, See. fee Vitriojl, in 
Medicine. 

The •white vitriol , or vitriol of zinc, is found native in the 
mines of Goflar, fometimes in tranfparent pieces, more 
commonly in white effiorefcences ; which arc diffolved in 
water, and cryftallized into large irregular maffes, fome- 
what refembling fine fugar ; it is alfo found diffolved in 
mineral waters, and generally with fome proportion to the 
vitriol of iron and copper : it is in tafte fweetifh, naufeous, 
and ftyptic. 

It has been difputed, whether white vitriol is any thing 
elfe than green vitriol calcined. But it feems that white 
vitriol is of a quite different fpecics from either the green or 
the blue vitriols. Geoffroy, Mat. Med. tom. i. p. 1 24. 

In the condition in which white vitriol is ufually bought, 
it contains fome what both of copper and iron ; but being 
purified by folution, filtration, and cryftallization, it is freed 
from both thefe metals, and appears to be a native vitriol 
fui generis . See Cramer, Elem. Art. Docim. vol. i. p. 302. 
ed. 2. Med. Eff. Edinb. Abr. vol. ii. p.472. 

If four ounces of alum be put in concoftion with two 
parts of cadmia foffilis pulverized, the earth of the alum 
precipitates, and its acid takes hold of the earth of zinc, fo 
that a true white vitriol is the refult. 

This vitriol being precipitated by an alkaline Icy, and 
dried, after its faits are feparated in water, and then mixed 
with charcoal-duft, will give zinc. 

The fame thing happens in mixing vitriol of iron with 
two or three parts of lapis calaminaris ; but the operation 
is eafier with alum and vitriol of copper. Marggraaf, in 
Mem. de PAcad. de Berlin, 1746. 

The white vitriol requires little more than twice its weight 
of water to diffolve it in the temperature of 6o° ; its fpcciiic 
gravity is about 2.000. It mixes uniformly with vitriolic 
neutral faits, but precipitatt-3 nitrous or marine felenitcs fiom 
their folutions, which afeertains its acid principle i it is 
itfelf precipitated whitiffi by alkalies and earths, but not by 
iron, copper, or zinc, which fufficiently indicates its bafis : 
if it contains any other metallic principle, this may b<' pre- 
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cipitated by adding more zinc, except iron, which will of 
itfelf precipitate by expofure to the air, or boiling in open 
air. That in common ufe is moftly prepared at Goflar, 
from an ore which contains zinc, copper, and lead, mine- 
ralized by fulphur and a little iron : the copper ore is firft 
feparated as much as poffible, and the refidnum, after torre- 
fa&ion and diftillation, is thrown red-hot into water, and 
lixiviated : it is never free from iron. 

The common white vitriol of the (hops contains a quan- 
tity of ferruginous matter ; of which, in keeping, a part is 
extricated from the acid, in an ochrey form, fo as to tinge 
the mafs of a yellow hue. Ou diflolving the whited pieces 
in water, a confiderable portion of ochre immediately fepa- 
rates : the filtered folution, tranfparent and colourlefs, 
becomes again turbid, and yellow, on being made to boil, 
and depoftts a frefh ochrey fcdiment ; and a like reparation 
happens, though much more flowly, on {landing without 
heat. Hence, when the folution is evaporated to the ufual 
pitch, and fet to cryftallize, the cryflals generally prove 
foul ; unlefa fome frefh acid be added ( as an ounce of the 
ftrong fpirit or oil of vitriol to a pound of the fait) to keep 
the ferruginous matter difiblved : this addition fee u res the 
whitenefs of the cryflals, and prevents their becoming foon 
yellow in the air. White vitriol generally contains alfo a 
fmall portion of copper diftinguiftiabie by the cupreous ftain 
which it communicates to polifhed iron immerfed in folutions 
of it, or rubbed with it in a moifl date. The quantity of 
copper is, indeed, very fmall, and may, if it be thought 
neceflary, be feparated by boiling the folution for fome 
time, along with bright pieces of iron, which will extricate 
all the copper: by continued or repeated co&ion, the 
greateft part of the ferruginous matter may alfo be fi pa- 
rated. For the ufe of white vitriol in medicine and forgery, 
fee Vitriol, in Medicine, infra. 

Vitriol, in Medicine and the Arts, has various applica- 
tions and ufes. White vitriol is fometimes given, from five 
or fix grains to half a drachm and more, ai> an emetic, and 
appears to be one of the quickcft in operation of thofe that 
can be employed with fafety. Its chief ufe is for external 
purpofes, as a cooling reflringent and deficcative : a dilute 
folution of it, as fixteen grains in eight ounces of water, 
with the addition of fixteen drops of weak vitrolic acid, or 
the aqua vitriolica of the Edinburgh Difpenfatory, is an ex- 
cellent collyrium in defluxions and flight inflammations of 
the eyes ; and, after bleeding and purging, in the more vio- 
lent ones. A folution of it with alum, in the proportion of 
two drachms of each to a pint of water, called the aqua 
aluminofa Bate ana, is ufed as a repellent fomentation for 
fome cutaneous eruptions, for cleanfing foul ulcers, and as 
an inje&ion in the fluor albus and gonorrhoea, when not ac- 
companied with virulence. This vitriol is fometimes like- 
wife employed as an errhine, and faid to be a very effe&ual 
diiTolvent of mucous matters ; in which intention it is re- 
commended, in the German Ephemerides, againfl obftruc- 
tiou8 of the noftrils in new-born infants. See Zinc. 

Blue vitriol , like the other preparations of copper, ads, 
in dofes of a few grains, as a moil virulent emetic. Its ufe 
is chiefly external, as a detergent, efcharotic, and for re- 
ftraining haemorrhages; for which lad intention a ftrong 
flyptic liquor ufed to be prepared in the (hops, and called 
aqua vitriolica ceerulea . Blue vitriol has of late been con- 
fiderably employed as an emetic by fome praditionere ; and 
is faid to be by no means an unfafe one, as it operates , the 
inftant it reaches the ftomach, before it has time to injure 
by its corrofive quality. The peculiar advantage in ufing 
it is reprefented to be, that it nas no tendency to become 
alfo purgative, and that its aftringent power prevents the 
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tone of the ftomach from being impaired after vomiting with 
it. It is much recommended m the early ilate of tubercles 
in the lungs ; and the following method of exhibition 
direded. ( See Simmons on the Treatment of Confump- 
tions, p. 70. ) Let the patient firft fwallow about half a 
pint of water, and immediately afterwards the vitriol, dif- 
folved in a cupful of water. The dofe may be varied 
according to age, conftitution, &c. from two grains to ten, 
or even twenty ; always taking care to begin with fmall 
ones. After the emetic is rejected, another half pint of 
water is to be drunk, which is likewife fpeedily thrown up, 
and this is commonly fufficient to remove the naufea. In 
ftill fmaller dofes, the blue vitriol has been much ufed b) 
fome as a tonic in intermittents, and other difeafes. See 
Copper and Sulphate of Copper . 

Pure green vitriol is in no refped different from the arti- 
ficial Sal Martis ; which fee. It is one of the mod certain 
of the chalybeate medicines, fcarcely ever failing to take 
effed where the calce6, and other indifloluble preparations, 
pafs inactive through the inteilinal tube. It may be con- 
veniently given in a liquid form, largely diluted with aqueous 
fluids: two or three grains, or more, diflolvcd in a pint or 
quart of water, may be taken in a day, divided into different 
dofes. This vitriol is ufed alfo, especially when calcined, 
as an external flyptic : the flyptic of Helvetiup, and, as it 
is faid, that of Eaton, is no other than French brandy Im- 
pregnated with the calcined vitriol : a drachm of the vitriol is 
commonly direded to a quart of the fpint, but only a mi- 
nute portion of the drachm diffolvcs in it. (See Styptic.) 
As French brandy has generally an aftringent impregnation 
from the oaken cafks in which it has been kept, the vitriol 
changes it, as it does the watery infufions of vegetable 
aftringents, to a black colour ; but makes no fuch change 
in fpirituous liquors that have not received fome aftringent 
tindure. See Iron, Sulphate of Iron , and Tincture. 

The acid of vitriol , or fulphur (fulphuric acid), largely 
diluted, is the moil falubrious of all the mineral acids. It 
is mixed with watery infufions, fpirituous tindures, and 
other liquids, as an antiphlogiftic ; as a reflringent in he- 
morrhages ; and as a ftomacnic and corroborant, in weak- 
nefles, lofs of appetite, and decays of conftitutions, accom- 

E anied with flow febrile fymptoms, brought on by irregu- 
iritiefi, or fucceeding the fuppreffion of intermittents by 
Peruvian bark. In ieveral cafes of this kind, after bitters 
and aromatics of themfelves had availed nothing, a mixture 
of them with the vitriolic acid has taken effect : the form 
commonly made ufe of is that of a fpirituous tindure ; fix 
ounces of oil of vitriol are dropt by degrees into a quart of 
redified fpirit of wine ; the mixture digefted for three days 
in a very gentle heat, and afterwards digefted for three days 
longer with an ounce and a half of cinnamon, and an ounce 
of ginger ; this is the elixir vitrioli of the Edinburgh Difpen- 
fatory. Or, a pint of an aromatic tindure, drawn with proof 
fpirit, is mixed with three ounces of the ftrong acid, fo as to 
form the acid elixir of vitriol of the late London Difpenfatory : 
thefe liquors are given from ten to thirty or forty drops, in 
any convenient vehicle, when the ftomach is moil empty. 
(See Elixir.) A mixture of oil of vitriol with fpirits of 
wine alone, in the proportion of one part of the former to 
three of the latter, digefted together for fome time, has 
been ufed in France as a reflringent in gonorrhoeas, female 
fluors, and fpittings of blood, under the denomination of 
aqua Rabelliana , and eau de RabeL The acid of vitriol, di- 
luted with water, has been given internally with great fuc- 
cefs in the itch. It was firft ufed for this purpofe in the 
Prufiian army in 1756, and has fincebeen much employed in 
feveral parts of Germany. The dofe recommended is from 
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an eighth to a fourth of a drachm of the pure acid twice or 
thrice a day. It is faid to fucceed equally in the dry and 
moill itch ; and when given to nurfes, to cure both them- 
felves and their children. 

When oil of vitriol, and resided fpirit of wine, are long 
digefted together, or diftilled, a part of the acid unites with 
the vinous lpirit into a new compound, very volatile and in- 
fiamrtiable, of no perceptible acidity, of a ftrong and very 
fragrant fmell, and an aromatic kind of tafte : this dulcified 
part, more volatile than the reft, feparates and rifes firft in 
diftillation, and may thus be colle&ed by itfelf. The Col- 
lege of London diredted this Jpiritus vilrioli dulcis to be made 
by cautioufly and gradually mixing a pound of oil of vitriol, 
and a pint of rectified fpirit of wine, and fetting them to 
diftil with a very gentle heat : that of Edinburgh ordered 
tke fame quantity of the oil of vitriol to be dropt into four 
times as much of the vinous fpirit, and the mixture to be 
digefted in a clofe veffel, for eight days, previoufly to the 
diftillation, with a view of promoting the coalition of the 
two ingredients. The different proportions of the acid 
fpirit to the vinous, in thefe preferiptions, make no material 
variation in the qualities of the produdt, provided the diftil- 
lation be duly conducted ; for the fmalleft of the above pro- 
portions of acid is much more than the vinous fpirit can dul- 
cify, and all the redundant acid remains in either cafe behind. 
The true dulcified fpirit rifes in thin fubtile vapours, which 
condenfe upon the fides of the recipient in ftraight ftriae ; 
thefe are fuccceded by white fumes, which form either irre- 
gular ftria?, or large round drops like oil ; at the firft ap- 
pearance of which, the procefs is either to be flopped, or the 
receiver changed. The fpirit which thefe fumes afford, very 
different from the dulcified one, haB a pungent acid fmell, 
like the fumes of burning fulphur : on its furface is found a 
fmall quantity of oil, called the fweet oil of vitriol of Hoff- 
man, of a ftrong, penetrating, and very agreeable fmell, 
readily diffoluble in fpirit of wine, to a large proportion of 
which it communicates the fmell andtafte of the aromatic or 
dulcified fpirit. The College of Edinburgh, in order to fe- 
cure againft any acidity in the dulcified fpirit, ordered it to be 
rectified, by mixing it with an equal meafure of water, in 
every pint of which a drachm of fait of tartar has been dif- 
folved, and drawing off the fpirit again by a gentle heat. 
This College, in their laft Pharmacopeia, hare manife&ly 
fhewn how little they conceive the acid to enter as a conftl- 
tuent part of this preparation, and at the fame time have di- 
rected an effe&uai method of preventing its prefence in it. 
They order the acidum vitriolicum vinofum , vulgo fpiritus vt» 
irioli dulcis , to be made by fimply mixing one part of vitriolic 
ether with two of rectified fpirit. See Sulphuric Ether, 
and Spirit of Ether . 

This fpirit, taken from ten to eighty or ninety drops, 
ftrengthens the ftomach and digeftive powers, relieves flatu- 
lencies, promotes urine, and, in many cafes, abates fpafmo- 
dic ftridtures, and procures reft. It is not effentially dif- 
ferent from the celebrated mineral anodyne liquor of Hoff- 
man ; to which it is frequently, by the author himfelf, di- 
rected as a fubftitute. See Liquor mineralis anodynus , J Ethe- 
real Spirit, and Compound Spirit of Ether . 

The dulcified fpirit is fonietimes ufed as a menftruum for 
certain refinous and bituminous bodies, which are more diffi- 
cultly and languidly a&ed upon by pure vinous fpirits. It 
is often mixed with aromatic and ftomachic tin&ures, in cafes 
where the ftomach is too weak to bear the aeid elixirs above- 
mentioned : eight ounces are commonly added to a pint of 
the officinal aromatic tin&ure ; or the ingredients of the 
aromatic tinCture are infufed in the dulcified acid, inftead of 
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common rectified fpirit, in order to form the fweet elixir of 
vitriol . A medicine of this kind was formerly in great 
efteem, under the name of Figotu’t volatile elixir of variol, 
prepared by macerating, in fame dulcified fpirit of vitriol, 
free from acidity, a fmall quantity of mint-leaves carefully 
dried, till the fpirit has acquired a fine green colour : and to 
prevent the neceffity of filtration, during which the more vo- 
latile parts would exhale, the mint may be fufpended in the 
fpirit in a fine cloth. If the dulcified fpirit, redified from 
a folution of fixed alkaline fait, be ftiaken with equal its 
quantity of a like folution, and the mixture fuffered to reft, 
an ethereal fluid rifes to the furface, and great part of the 
dulcified fpirit may be recovered again from the remainder 
by diftillation. Dr. Hadley obtained the largeft portion 
of ether, by ufing the ftrongeft vitriolic acid of the {hops 
with equal its quantity, by meafure, of fpirit of wine, and 
diftilling immediately by a heat fufficient to make the mixture 
boil. By this management, from three pints of oil of vi- 
triol, and fix pints of reClificd fpirit of wine, he obtained 
two pints and a half of the ether. 

The vitriolic acid faturates a larger quantity of fixed 
alkaline falts than any of the other acids, and diflodges from 
them fuch other acids as have been previoufly combined with 
them. Of the ftrong fpirit, or oil of vitriol, about five 
parts are fufficient for eight of the common vegetable fixed 
alkalies. The neutral fait thus obtained is of a bitterifh 
tafte, very difficultly folublc in water, and fcarcely fufible 
in the fire : in fmall dofes, as a fcruple, or half a drachm, it 
is an ufcful aperient : in larger ones, as four or five drachma, a 
mild cathartic. This fait has been commonly prepared with 
the alkali obtained from tartar, and hence called vitriolated 
tartar , and fometimes fal enixum , and arcanum duplicatum . 
Some dilute the oil of vitriol with fix times the quantity of 
warm water, and drop into it a folution of the alkaline fait 
till no effervefcence enfues : others ufe vitriol in fubftance, 
which being diffolved in boiling water, any alkaline fait, 
gradually fuperadded, till the effervefcence ceafes, abforbs 
the pure acid, and throws down the metallic bafis of the 
vitriol : one part of the alkali is nearly fufficient for two of 
the vitriol. 

With the mineral fixed alkali, this acid forms compound 
falts of a more bitter tafte, fomewhat lefs purgative, and much 
eafier of folution, than that with vegetable alkalies: with 
volatile alkalies, a very pungent ammoniacal fait, whofe me- 
dicinal effedts are not well known. The ftrong acid, boiled 
on argillaceous earths to drynefs, corrodes a portion of them, 
and concretes with them into an auftere ftyptic fait. Calca- 
reous earths it does not diffolve into a liquid ftate, but may 
be combined with them, by precipitation from other acids, 
into an indiffoluble concrete, feemingly of no medicinal 
a&ivity. Among metallic bodies, it diffolves zinc and iron 
readily j copper, iilver, quickfilver, lead, arid tin, very dif- 
ficultly : it is fitted for adting on the two firft by dilution 
with three or four times its quantity of water : the others 
require the undiluted acid, and a heat fufficient to make it 
bou ; when, the more plilegmatic parts exhaling, fo much 
of the pure acid matter remains combined with the metals as 
to render them, in part at leaft, diffoluble in water. 

The principal ule of green vitriol is in dyeing, and in the 
making of ink. When the vitriol is diffolved in water, the 
iron contained in it becomes black by the addition of an in- 
fufion of gall-nuts. Mr, Lemery, the younger, in order to 
account for this blacknefs, imagines, that as the vitriol, of 
which ink is made, is iron diflolved by an acid, and inti- 
mately mixed with it, and as galls are an alkali or abforbent, 
this alkali, meeting the aeids which hold the iron diffolved, 
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unites with them, and makes them fet the iron look ; which 
thereupon revivifies, and refume 9 its natural blacknefs : fo 
that in ftriftnefs we write with the iron. 

In the Swedifh Tran faft ions, vitriol is recommended as a 
yellow for houfe-painting : quicklime, made into a paite 
with water, is to be diluted with a folution of vitriol, more 
or lefs, according as the colour is required deeper or lighter : 
the mixture appears of a blueifh-grecn colour, and does not 
become yellow till it is dry. One part of vitriol is faid to 
go as far as two of the dearer yellow ochre. This fait is 
alfo recommended for preferving wood, as particularly the 
wheels of carriages, from decay : when all the pieces are fit 
to be joined together, they an* direfted to be boiled in a fo- 
lution of vitriol for three or four hours, and then kept for 
fome days in a warm place to dry. It is faid that wood by 
this preparation becomes fo hard and compaft, that moifture 
cannot penetrate it. For the ufe of vitriol in agriculture, 
fee Sulphate of Iron . See on the fubjeft of the preceding 
articles, Neumann’s Chem. Works, by Lewis, p. 173, &c. 
Watfon’s Chem. EfT. vol. i. eff. 6. Lewis’s Mat. Med. 
art. Vitriolum . Bergman’s Eff. vol. i. p. 180, &c. Kir- 
wan’8 Eiem. of Mineral, p. 189, &c. 

Vj thiols, Metallic . All metals, it is to be obferved, may 
be converted into vitriols, by diffolving them with acid 
fpirits, and letting them Hand to cryftalhzc. 

FaBitious vitriols , being only metals diffolved and cryftal- 
lized in faline menftruums, are frequently called, by way of 
diflinftion, metallic vitriols , and metallic falts . 

Vitriol of Cobalt is found native in fmall pieces, mixed 
with a grccnilh efflorcfcence, in cobalt mines : it is difficultly 
folublc in water ; and both it and its folution are red, which 
fufliciently diflinguifhes its bafis. Its acid is known by the 
fame tafte as that of the other vitriols. 

Vitriol of Iron , Vitriolum Marti* , is a preparation made 
by diffolving iron, or Heel, in oil or fpiritof vitriol ; then eva- 
porating or drawing off the moifture, and bringing the mat- 
ter to cryflallize, by fetting it in a cool place. This is alfo 
Called fal mortis , or fait of flee!. 

Vitriol of Lead . See Lead. 

Vitriol of Luna , or the Moon y is the name given to a 
fait with a metallic bafis, called alfo Vitriol oj Silver; 
which fee. 

Vitriol of Nickel is found native, efflorefeing on kupfer- 
nickel, and generally mixed with vitriol of iron. This is 
difficultly folublc in water : both it and its folution are of a 
green colour. See Nickel. 

Vitriol of Quickfilver , the name of a chemical prepara- 
tion of quickfilver, with acid fpirits, the procefs of which is 
this : let fo rich a folution of quickfilver be made in fpirit of 
nitre, or aqua fortis, that no more can be contained ; let this 
folution be made by the affiftance of heat, and the liquor im- 
mediately afterwards poured off into a clean and cold glafs. 
There will, on this, fpontaneoufly (hoot on the bottom of 
the glafs a faline, white, transparent matter, from which the 
liquor being poured, it is found to be a (harp, moift, faline 
fubftance, or true vitriol of mercury, foluble in water, and 
not fafe to be touched. If the liquor, poured off from this, 
be evaporated half way, and the remainder fet in a cool 
place, more cryflals of the fame nature with the firft will 
ffioot. 

Another method of making the vitriol of mercury is this : 
reduce to powder fome decrepitated fea-falt, and with two 
parts of this mix one part of crude mercury ; diflil the whole 
in a glafs body, with a ftrong fire continued five or fix hours ; 
when the veffels are cold, break them, and there will be found 
a folid dry mercury, fublimed to the top and Tides of the 


body, in form of vitriol. Nay, Boerhaave affirms, that tltr 
common mercury fublimate is a true vitriol of mercury, 
though femi -volatile. Boerh. Chem. part ii. p. 301. 

Vitriol of quickfilver is alfo a name given to a fait of mer- 
cury, mineralized by vitriolic acid, firft difeovered by Mr. 
Woulfe, together with the marine fait of mercury, at Ober- 
mofchel, in the duchy of Deux-Ponts : they have a fpar- 
like appearance, and are either briglit and white, or yellow 
or black, mixed with cinnabar in a ftony matrix : thefe well 
mixed with one-third of their weight of vegetable alkali, 
afforded him cubic and oftagonal cryflals, that is, fait of 
Sylvius, and tartar vitriol. Phil. Tranf. vol. lxvi. partii. 
p. 618. 

Vitriol of Venus is a folution of copper in fpirit of 
nitre, evaporated and cryftallized, to gain the fait ; called 
alfo vitriol of copper . 

Vitriol, IAquamen , or IV ajb of is a name given to the 
oclirey matter remaining after fucceffive evaporations of the 
mother of vitriol, which yields no more vitriol. Its tafte is 
acrid and fiery, and the quantity left from a gallon of the 
well-impregnated liquor from the bed is about a pound. 
From this may be procured a white pungent fait, by fubfe- 
quent evaporations. This is the faline principle of vitriol, 
according to the chemifts, and is contained in fo large a 
quantity, that nearly thirteen ounces of it may be feparated 
from a pound of the liquor ; the remaining liquor, after 
this, is what is called liquamcn vitrioli by fome chemifts, but 
not properly. It will never coagulate into fait, but is very 
fiery and acrid to the tafte, and extremely ponderous, not 
lefs fo than oil of vitriol, nor lefs pungent ; and is the 
ftrongeft liquor any way obtained from a natural fubftance 
without di {filiation. This liquor being expofed to the air 
in a vcffel not clofed, will in a little rime attraft double its 
weight of water from it. All corrofive and faline liquors 
have fomewhat of this property of imbibing moifture from 
the air, and weakening themielves by it ; but this liquor 
att rafts it fafter and in greater quantity than any other. 
This liquor receives moil moifture, and inereafes mofl 
quickly in wet weather, lefs fo in dry ; and this may have 
given occafion to that error fo common among uninformed 
chemifts, that feveral preparations of vitriol derive moifture 
from the moon, and have more or lefs of it, according to her 
different phafes. The changes of the conttitution of 
the air have effefted what, in this cafe, they luppofed 
to be done by the different phafes of the moon. Phil. 
Tranf. No. 103. 

Vitriol, M other of See Vitriol, in Chemi/lry> fupra. 

Vitriol, Oil of See Vitriolic Acid, infra, and Sui- 
PHL JUC: Acid, 

Vitrioli, Ros, See Ros. 

Vitriol, Saline Principle of See Saline Principle, 

Vitriol, Spirit of See Sulphuric Acid, 

VITRIOLATED, among Chemifts, turned into vitriol, 
or having vitriol infufed in it. 

V it iuolated Iron, See Sulphate of Iron , and Iron. 

Vitriolated Kali . See Sulphate of Potajh . 

Vitriol a ted Magnefta, See Sulphate of Magnefta. 

Vitriolated Natron . See Sulphate*/ Soda . 

Vitriolated Tartar . See Tartar, Vitrioiated. 

Vitriolated Zinc, See Sulphate of Zinc. 

VITRIOLIC, fomething that has the quality of vitriol, 
or that partakes of the nature of vitriol. 

Vitriolic Acid. (See Sulphuric Acid.) This acid, 
when firft prepared by art, was diftilied from dried fulphate 
of iron, or the common green vitriol, or copperas of com* 
merce : it is ftill prepared in Saxony, and many other parts 
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of Germany, from the fame fubftance, in the manner de- 
icribed under Sulphurs Acid. Accordingly, when the 
component parts neither of the fait nor of the acid were 
known, it was very naturally called “ oil of vitriol ac- 
quiring this denomination probably from its refemblance to 
oil in adhering to the fides of a veflel containing it, and 
from its palling gently, or with little noife, from one veflel 
to another. However, as the name tends to give erroneous 
ideas of the nature of the acid, which is now known to be 
formed only of fulphur, oxygen, and water, it ought to be 
expunged. On account of the inconvenience and expence 
attending the method of procuring this acid from fulphate 
of iron, and the time required for the procefs, the manu- 
facturers were led to the bafe itfelf, or the fulphur ; which, 
in conjunction with nitre, was burnt in very large globes of 
glafs, and the produCt was concentrated by boiling it in 
retorts or other glafs veflels, till the fluid was of a fuf- 
iicient ftrength for fale. See Sulphuric Acid . 

Mr. Parkes informs us (Chemical Elfays, vol. ii.) that 
the procefs of forming fulphuric acid by the combuflion of 
fulphur, was firit adopted in this country by Dr. Ward, 
well known by his analeptic pill, white drop, and fome 
other noitrums which bore his name. Fourcroy, however, 
attributes this important difeovery to two French chemifts, 
Lefevre and Lemery. Dr. Ward obtained a patent for his 
method of preparing it, and the article which he procured 
was denominated, by way of diftin&ion, “ oil of vitriol 
made by the bell.” It is needlefs to deferibe his method, 
though it gave him for fomc time a monopoly of this Britifh 
manufacture : until at length chambers of lead were em- 
ployed for the combuftion of the fulphur and nitre, fo con- 
trived that the floor of each might be conftantly covered 
with a fheet of water, capable of abforbing the fulphuric 
acid gas at the time of its formation. The introduction of 
this leaden apparatus ferved to facilitate the manufacture of 
this acid, and in a fhort time reduced the price to about 
a quarter of its former rate. This important improve- 
ment is aferibed by Mr. Parkes to the late Dr. Roebuck, 
an eminent phyfician of Birmingham, who, in conjunction 
with his partner, the late Mr. Samuel Garbett, ereCted, not- 
withftanding a violent oppolition on the part of l)r. Ward, 
the firft leaden chamber for this purpofe at Birmingham, 
about the year 1746 ; and the fame works are now (1815)* 
fays Mr. Parkes, in the occupation of their fucccffora, 
MeflYs. Alflon and Armitage. The confumption, how- 
ever, was at flrfl rcltriCted, on account of local circum- 
ilances, to Birmingham and its vicinity. The manufac- 
turers, therefore, with a view to a more ex ten five demand, 
and to the introdu&ion of the article produced for the pur- 
pofe of bleaching in the linen manufactories of Scotland and 
Ireland, eftablilhed, on an exteulive Icale, in the year 1749, 
works at Prefton-Pans, on the eafteru coaft of Scotland. 

It is obferved, however, that Dr. Roebuck was not the folc 
founder of the works at Prefton-Pans, or of the great iron- 
works at Carron. (See Cahhon.) Of Dr. Roebuck, an 
account of whom has been by accident omitted under his 
name, it will be fufficient to obferve, that he was a man of 
very fuperior talents, very conflderuble acquirements, and 
very amiable manners, highly efteemed at Birmingham, 
where he refided, and honoured with a peculiar intimacy 
with the celebrated Dr. Black. He died, much regretted, 
on the 17th of July, 1794. After this digreflion, we pro- 
ceed to relate, that the do&or $nd his three brothers, to- 
gether with Mr. Garbett, and Meflrs. Cadell and Sons, of 
Cockenzie, near Prefton-Pans, were the original proje&ors 
and founders of the vaft works at Carron, to the great pre- 
judice of tjjpir refpe&ive fortunes. This circumftance, 
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together with an unfortunate concern in a colliery at Bor- 
rowltonefs, brought ruin on all the do&or’s fair profpe&s 
in life. With reipcCt to the manufacture of fulphuric acid, 
we obferve, that for feveral years Meflrs. Roebuck and 
Garbett carried on their works in England and Scotland 
fuccefsfully and unoppofed ; and, befides fupplying the 
demands of Great Britain and Ireland, exported very large 
quantities of fulphuric acid to the continent. At length, in 
the year 1 756, their profpeCts were beclouded by the con- 
duct of a fervant, who had the art to induce a Mr. Rhodes, 
of Bridgcnorth, to embark in the buflnefs. This perfon, 
abandoning Mr. Rhodes, connected himfelf with Mr. Skey, 
of Bewdley, who had commenced a manufactory of ful- 
phuric acid on a much larger fcale than that at Bridge- 
north ; and this was the third manufactory for producing 
the acid by the combuflion of fulphur in leaden chambers. 
In the year 1772, a manufactory was cftablilhed at Bat- 
teries, near Loudon ; and upon the failure of this, ano- 
ther manufactory was inftituted at Pitfworth-Moor, near 
Ecclcs, in Lancafhire. Soon afterwards another work 
was eftablifhed at Leeds ; and at length fimilar work® 
have been founded in various parts of England, Scotland, 
and Ireland : and it is faid, that there arc now no fewer than 
eight confiderable manufactories of fulphuric acid at and 
near Birmingham. When the new method of bleaching by 
oxymuriatic acid was introduced, about the year 1788, 
the demand for fulphuric acid was very confiderably aug- 
mented, fo that chambers for the combuflion of fulphur of 
much larger extent than thofe firft conitruCted became ne- 
ceflary. ChapUtl, in his “ Chemiftry applied to the Arts,” 

( vol. hi, ) fays, that chambers about 20 feet broad, 25 long, 
and 1 $ high, feem to be the moll advantageous : and it 18 
obferved, that the < file of the leaden chamber in modern 
ufe, is from 20 feet in length and 12 feet in width, to 40 or 
60 feet Jong and 16 or 18 feet wide. One manufac- 
turer in Lancafhire, however, fays Mr. Parkes, has a leaden 
chamber of the enormous dimeuflons of 120 by 40 feet, and 
20 icet high, thus forming a fpace of 06,000 cubic feet. 
Theft* leaden chambers arc technically called “ houfes,” and 
in fome diflriCts “ leaden veflels.” The fulphuric acid annually 
con fumed in thefe kingdoms is faid to amount to upwards 
of 3000 tons, the greater part of which is ufed in a ftate 
of dilution, in which ftate it is confumed in large quan- 
tities by bleachers, and by calico-printers, for making what 
they call “ fours and alfo for the purpofe of diffolving 
iron or zinc when diluted with at leaft five or fix times its 
weight of water. 

The ufes of fulphuric acid are very numerous. It is 
employed in large quantities for preparing the bleaching 
fait ; by dyers for diffolving indigo, and for other pur- 
pol’es ; by calico-printers for preparing fours ; and by the 
manufacturing and the philofophical chemift, as a teft for 
lead and barytes, and for a great variety of other pur- 
poses, l’ome of which only can be enumerated. 

The makers of the nitrous and muriatic acids are large 
confumers of fulphuric acid ; as alfo are the makers of ful- 
phate of zinc, fal ammoniac, phofphate of foda, Glauber 
ami other falts ; as well as the manufacturers of Roman 
vitriol, Pruflian blue, and (pmc other colours. 

Sulphuric acid is likewife employed by fome modern 
farmers in the preparation of their feed-wheat, to prevent 
what is called the fmut ; by the people who purify iemoa- 
juice, when united to lime, m order to feparate its acid in a 
cryftalline form for the ufe of calico-printers and others ; 
and by the makers of glafs to convert the muriate of pot- 
afti, which is one of their refiduums, into fulphate of potafs, 
and which has lately been ufed by them as a fubftitute for 

Qq 2 



316 

ioda. It is alfo contained in large quantities by the makers 
of tin-plate, by brafs-founders, button-makers, japanners 
and gilders ; to all of whom this acid is become absolutely 
neceflary for the removal of the oxyd which forms on the 
furface of the iron or the copper on which they work, and 
which, if not removed, would prevent or impede all their 
operations. 

Sulphuric acid is likewife a neceflary article to fome 
paper-makers, to fell-mongers, and to tanners ; — it is ufed 
m considerable quantities by the modern hatter in the oper- 
ation of felting ; — and it may be remarked that refiners ufe 
it in the procefs of ftripping metals oil-merchants, in re- 
fining rape-oil, which it effe&s by carbonizing the farina- 
ceous matter and the mucilage and brewers in fining 
what is called “ gray beer — that the profeffors of phar- 
macy as well as the chemifts are conftant cuftomers for ful- 
phuric acid $«— that it is employed in making the ailringent 
and flomatic water of Rabel, and for other purpofea of 
medicine, as well as furgery ; — that di (tillers and re&ificrs 
of ardent Spirits confume it in (till larger quantities -that 
the makers of vinegar ufe it for the adulteration of that 
acid -that many tons are annually contained in the pre- 
paration of* liquid blacking ; — and that the aeronaut, at every 
afeenfion into the atmofphere, requires many hundred 
weights of fulphuric acid for the formation of the hydrogen 
gas, which renders the aerial machine buoyant in that tabtile 
medium. 

As the ufes of fulphuric acid are become fo various, 
cafes may occur of its being taken into the ftomach by 
miftake, and without immediate relief its corrofive proper- 
ties would produce fatal effe&s. If magnefia ihould be at 
hand, that earth mixed with water and fwcetened with 
fugar, would be the bell poffible antidote to the poifon ; 
but in cafe this could not be immediately procured, foap- 
water, which can be furnifhed by all families, and which 
is one of the next beft remedies, fhould be drunk plenti- 
fully. Parkes, ubi tapra. 

ror an account of tne procefs of manufacturing this acid, 
and its properties, fee the article Sulphuric Acid. For 
tables, exhibiting the temperatures produced by the mixture 
of fulphuric acid and water, the fpecific gravities of the 
acid, when diluted with different portions of water, taken at 
the temperature of 6o° ; and or the variations in the fpe- 
cific gravity of concentrated fulphuric acid, by change of 
temperature, the barometer being at 29.5 inches, we refer 
to Parkes’s Effays, vol. ii. 

Vitriolic Acid, in Agriculture , is that which is now 
termed or known by the name of the fulphuric. It is 
noticed by the writer of the work on the Connexion of 
Agriculture with Chemiftry, that all acids are at prefent 
named from the peculiar bafes or tabftances of which they 
ate formed, by the combination of pure air or oxygen ; the 
prefence of which is neceflary in all cafes to conftitute an 
acid. This is dated to be the mod powerful of all the 
acids, and that it difengages or expels other acids, when 
in a date of combination with metallic, earthy, or alka- 
line tabdances in the foil or otherwife. When concen- 
trated, it ads in a fimilar manner to that of alkaline falts, 
in the resolution or dedru&ion of vegetable tabdances, 
as well as thofe of the animal kind, difengaging from 
t hem certain gates, and forming therewith certain fapo- 
naceous and faline compounds. Thefe folutions or ex- 
trads are of a reddifh-brown colour, fimilar to that pro- 
duced by the adion of alkaline falts on oxygenated peat 
or peaty earth. The vitriolic acid may, it is faid, be 
ufed beneficially to decompofe and bring into adion the 
foluble matter accumulated in foils, by the combination 
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of the phofphoric and forcible or oxalic acids with cal- 
careous matter. In this cafe, the vitriolic acid will join 
with the calcareous matter, and form gyptam or fulphate 
of lime $ while the phofphoric and forchne or oxalic apds, 
in confequence of their difengagement, will combine with 
other matters in the foil, particularly with magnefia, if any 
be prefent, forming faline matters which are very foluble, 
and conducive to vegetation and the growth of plants. 
The bufinefs is to be accompliffied by the ufe of fuch tab- 
ftances as contain much of this fort of acid in cafes where 
the other forts of acids prevail. 

It is fuggefted, however,, that the endlefa feriea of pro- 
cefles employed by nature doth not finifii or end here ; for, 
on a tappofition that the phofphoric and forcline or oxalic 
acids had been fully difengaged from the calcareous matter 
with which they had been formerly united, and that in the 
ftates of phofphate and oxalate of potafh, foda, ammonia, 
or magnefia, they had expended themfelves in the procefs 
of vegetation 5 ftill the gyptam or fulphate of lime remain- 
ing in the foil would, on a renewed application of dung, 
urine, animal or vegetable matter, be brought from the (late 
of gyptam or fulphate of lime, which is imoluble, to a date 
approaching to that of a hepar of lime, which is foluble ; 
and that as the vitriolic acid and calcareous matter are con- 
tained in, and form a part of, the compounded refiduum 
of vegetable matters, it may hence be inferred, that thefe 
matters were not generated in, but were taken up, when in a 
(late of folution, by the roots of plants. Thus, it is faid, 
may the good cffedla of gyptam or fulphate of lime in 
America be accounted for without much difficulty. And 
to thefe beneficial effefts, from the combination of inflam- 
mable tabdawces with gyptam or fulphate of lime, forming 
what is called a hepar, or liver of talphnr, may be added 
the large (hare of nouriflmient which trefoils, and plants of 
a certain formation of item and leaf fomewhat of that kind, 
receive by the hepatic air difengaged from the hepars, when 
they, by the procefs of oxygenation, are again returned to 
the ftate of neutral falts, of which fuch hepars had been 
formed by the combination of inflammable or carbonaceous 
matter. See Oxygenation and Sulphate of Lime • 

Vitriolic Minerals are compound foffile tabftances, 
formed of various ftony and earthy particles, mixed with 
others of iron and copper, and that either feparately or con- 
jun&ly ; fo that, in efie&, they are ores of vitriols. 

The different kinds of thcle minerals are, 1. The chal- 
citis. 2. The mify. 3. Sory or rufma. 4. Melanteria. 
5. Pyrites, or fire-ftone. 6. Marcafites. See Chalcitjs, 
Misy, See. 

In Europe, the only ufe made of chalcitis is as an ingre- 
dient of Venice treacle, and even here its place is generally 
tapplied with common green vitriol calcined to a rednefs. 
The ancient Greeks ufed it externally in hemorrhages, and 
collyriums for the eyes ; alfo for the herpes and eryfipelas 5 
but never ventured to give it internally. 

The ancients ufed mify for the fame purpofe as chalcitis, 
being efteemed milder than this laft. 

At prefent it is no where put to any ufe, nor indeed does 
it merit it, as containing no other virtues than thofe of green 
vitriol, though we are not tare what pernicious tabftance 
it may be mixed with. 

Vitriolic Waters . The countries which abound with 
mines of copper and iron ufually afford a great many vitriolic 
waters. See Blue Vitriol, under Vitriol. 

One of the moil remarkable fprings of this kind, of 
which we have an account, is that near Paderborn, in Ger- 
many : this is a fort of treble fpring, having three openings, 
and all three yielding very different waters. Two of thefe 
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opemugis are not more than a foot and a half diftant from 
one another, and yet of fo different qualities, that the one is 
limpid* blueifh, milk-warm, and bubbling, and contains fal 
ammoniac* ochre, iron, vitriol, alum, iulphur, nitre, and 
orpiment ; all thefe fubftances having been feparated in its 
analyfis. The other is cold as ice, and is turbid, whitifh, 
and much heavier, and ftronger to the tafte than the other. 
This holds much orpiment, with fome fait, alum, nitre, fal 
ammoniac, and vitriol. The firft of thefe waters is taken 
by the people in the neighbourhood, againft worms, and 
diforders of the fpleen, as alfo againft epilepfies ; the other 
is poifonous to birds, all that drink of it dying in a very 
little time. The experiment has been tried on common 
hens, with the water brought from the fprings into other 
places, and given them to drink. 

Thofe to which fait is given, after the fwallowing of this 
poifonous water, ftrugglelonger before they die by it ; and 
vinegar is found to lave them very often from dearth, after 
drinking largely of it ; but in this cafe they are fickly 
for feven or eight days after it, and have the pip, as the 
good women exprefs it. 

In the diffe&ing of thofe birds which have died by drink- 
ing this water, the lungs are always found quite /hrivelled 
up. 

The people of the country have not been deterred by this 
bad effeft of the water from ufing it in medicine ; they take 
fmall quantities of it diluted in water, to dellroy the worms, 
and it performs this very well ; but gives them a grievous 
ficknefs while it operates. 

The third ftream, or opening, of this remarkable fpring, 
is about twenty paces diftant from the others ; the water 
is here very clear, of a greenifh colour, and of a four, but 
not very difagrccable tafte. It is of a middle weight, and of 
middle qualities between the other two, and is evidently 
formed of the joining of thofe two fprings with fome other 
frefli water in the way ; for a liquor exaftly rcfembling 
this third kind may be prepared, by mixing equal quantities 
of the other two with a fufficient quantity of common well- 
water. 

There is a fpring in Bafil difeharging its water through 
the Tanners’-ftreet, or Gerber-gaffe, which is of a blueifh 
colour, and fomewhat turbid. This holds blue vitrial, 
that is copper, in the form of a fait, and with it bitumen 
and antimony j but a much larger proportion of the firft 
ingredient than of either of the others. The analyfis of it 
/hews, that it contains three parts copper to one of bitumen, 
and two of antimony. It ierves the tanners of the place 
to good purpofes, their /kins receiving one of their prepara- 
tions from this native water. 

The fame town affords feveral other fprings of peculiar 
qualities, all owing to the veins of metalline ores with 
which the earth o? the place abounds. The one of thefe 
is called Bandulph’s well, and affords a water of great ufe 
in medicine, feveral being regularly and perfeftly cured of 
hydropical diftempera by it. And another very remark- 
able one contains, as is found by its analyfis, fulphur, nitre, 
and fome gold. Thefe, however, are in luch fmall quantity 
in it, as not to prevent its being fit for the common ufes of 
Efe. It is very agreeable to the tafte, and is much efteemed 
for drinking, and fent for all over the town. 

Another vitriolic water runs out of a cavern, near Gelf- 
bach, in Alface. It is a fattifh and oily liquor, and is ufed 
by the country-people for greafing their wheels, but it is 
fit for much better purpofes. If it be boiled to the evapo- 
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ration of a third part, there will remain very little water, 
but a fatty bituminous fubftance, like tar, will fubfide to the 
bottomland there will fwim at the top a yellow, thin, and 
limpid liquor, very much refembling Unfeed-oil ; and this, 
difhlled in a fand-heat, yields an ouj and watery liquor ; 
the firft very good for external ufes, for bur* ’ : ! ^ ?alds ; 
and the other a good internal medicine in confumptions, and 
other difeafes of the lungs. Phil. Tranf. N° 8. 

Some time ago there was a water discovered in England, 
that gave, on many experiments, an appearance of con- 
taining natural and perfect vitriol. This water was found 
near Eglingham, in Cumberland $ and being examined, by 
adding galls to it, it became abfolute ink, much deeper than 
any of the atramentous waters ever do ; when one half the 
quantity was flowly evaporated, the remainder retained this 
quality to a higher degree than before ; and on evaporating 
it yet farther, there concreted in it fair cryftals of pure and 
genuine vitriol. 

This was an appearance wholly new in England, and not 
eafily accounted for, as we have no mineral, except the 
common pyrites, which contains vitriol ; and it is very well 
known, that there requires a fermentation in the air, before 
the vitriol, contained in that ftone, will be difentangled from 
its other principles, fo as to be capable of appearing in its 
own form ; and as this ftone, lying under water, can never 
impregnate that water with its vitriol, it did not feem eafy 
to conceive in what manner a genuine vitriol /hould be com- 
municated to water, where there was no other fubftance 
which could give it. The fufpicions that thefe thoughts 
gave the gentleman who examined this water, occafioned 
his making a vifit to the place where it was produced, 
when he found that the fuppofed vitriolic fpring was no 
other than an old drift made for the draining of the water 
from fome old wrought coal-pits ; the people who had 
worked in thefe remembered to have feen great quantities 
of pyrites there. This drift was fometimes dry for a con- 
fiderable time together, and fometimes ran in a plentiful 
ftream ; and there is no doubt but that, in thefe dry feafons, 
the air a&ed upon the pyrites, and caufed it to /hoot its 
vitriol, which the next tide of water wafhed away, and it 
came off diffolved in it, and highly impregnating it. 

This proved, therefore, no better a medicinal fpring than 
fome of a like kind, deferibed by Mr. Leigh in his M Natural 
Iiiftory of Lancafhire and all thefe are very little better 
than the difeovery of a medicated water in Old-ftreet, from 
the remains of an old colour-fhop, or Kircher’s reckoning 
the common /hores of Rome among the medicated fprings 
of Italy. 

The vitriolic fpring which has been fo much talked of 
near Haigh, in Lanca/hire, is no other than an accidental 
impregnation of common water, in the f^me manner : it 
being only the runnings of an old drift, or drain, made to 
carry off the water from the pits of cannel-coal ; and this, 
like the other, as it fometimes has water, and at other times 
is dry, gives time for the pyrites to let go its vitriol while 
dry, ana then imparts it to the waters that pafs that way 
afterwards. Thefe are not to be accounted medicated 
fprings, fince neither natural nor continual, and fuch may 
be any day made at home, by laying the common pyritae 
of our clay, or coal-pits, out to moulder in the air, and then 
pouring water upon it, and, after a fhort time /landing, 
taking it off again. Phil. Tranf. N°245. p. 380. See 
Ziment, and Vitriol, in Chemiftry. 
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VOLTAISM. That branch of ele&rical fciencc which 
has its fource in the chemical a&ion between metals and dif- 
ferent liquids, and in the proofs which eftablifh its identity 
with common ele&ricity, the world owe principally to dii- 
coveries made by fignor Volta. Its remarkable influence 
upon animals, which firft brought it into notice, was firft 
obferved by Galvani. Hence it was firft called Galyanifm 
and afterwards Voltaifm. We (hould have treated this fub- 
j eft wholly under Galvanism, which was then more than 
half completed, but the latter was not fmiftied in time 
to be then publifhed. Hence the prefent article muft 
rather be confidered as a continuation of Galvanifm, than a 
diftinft treatife. 

Galvanifm concludes with a lift of the different galvanic 
combinations, which will be terminated in this article, and 
the reft will be treated in fucceflion. We have alfo given 
fome account of all fuch fads as have tranfpired fmce the 
time of the publication of the firft part. 

Table (hewing the relative quantity of bubbles upon the 
negative wire, by immerfing a compound arc, of zinc 
and platina, into different Taline folutions at a boiling 
heat, and at the common temperature. 

EffeA. 

Solution. r-*— % Remarks. 

Hot. Cold. 

Muriate of ammonia 6 3 

Muriate of foda - 21 

Super-tartrate of potafh 4 o In this and other cafes, 

where the cypher is 
placed, it does not mean 
that no effe£l was pro- 
duced, but that no bub- 
bles could be feen. 

Nitrate of potafh * J o In this experiment two 

combined arcs were ufed 
which juft produced a 
fenfible effeft, 

Phofphate of foda 
Alum - • 42 

Sulphate of potafh -00 
Sulphate of foda - 00 

Sulphate of magnefia • 9 o In the three laft two com- 
bined arcs were tried, 
but no bubbles appeared. 
The two preceding tables will give fome idea of tne rela- 
tive power of different combinations of metals, and of the 
comparative action of different fluids. 

The moft powerful of the metallic combinations will be 
feen to be zinc with platina, gold, and filver ; but zinc with 
copper is fo little inferior, that in point of economy it will 
always be preferred. 

Zinc with iron is, however, fo near to zinc with copper, 
that iron might be ufed to great advantage where cheapness 
is defir able. 

Zinc and copper are, in the prefent date of Galvanifm, 
generally employed for the conftru&ion of galvanic bat- 


teries. In the trough invented by Cruickfhank, the zinc and 
copper plates were foldered together in pairs, fo as to form 
fo many compound plates. Thefe plates are cemented into a 
wooden box, which is lined with the fame cement, at fuch a 
diftance from each other, as to divide the trough into diftin& 
cells about half wide. The order of the plates (hould be 
fuch that all the zinc plates face one way, and the copper 
ones the contrary. 

A great improvement has been made upon the trough of 
Cruickfhank, by forming the cells in the trough with plates 
of glafs. The plates of metal are foldered together by 
their edges, and bent at the joining, till the oppoftte fides 
become parallel, and feparate from each other about half an 
inch. Each of thefe compound arcs is fo placed in the 
trough with glafs plates, that the zinc plate of each arc 
may be on one fide of the glafs, and the copper on the other, 
and in fuch order, that the zinc plate of one arc, and the 
copper of another, may be in each of the cells. A fecond 
improvement has been made upon this trough. Inftead of 
a wooden trough, divided into cells with glafs plates, the 
whole trough is made of earthenware, each trough confid- 
ing of ten cells. All the plates are fitted to a piece of 
wood of the length of the trough, fo that they can be 
taken out or put into the trough all together. When they 
are taken out, the fluid is fuffered to remain in the trough, 
and the plates are fufpended over it upon a gibbet attached 
to the frame in which the earthen trough is placed. An 
immenfe battery upon this conftru&ion, confiding of 2000 
pairs of four-inch plates, has been lately made for the 
Royal Inftitution. The experiments made upon it were in- 
conceivably brilliant. The fpark was fo intenfe as to ftrike 
through a fpace of fome lines of air, and of fuch dazzling 
fplendour as to refemble the fun. Many fubftances were 
fufed by the heat it produced, which had not been fufed 
before, among which were the metal called fredium, and the 
earths zircon and alumine. Charcoal was made to evapo- 
rate, and plumbago to fufe in vacuo. A large eleftrical 
battery was charged by inftant contact. 

Since the trial of this battery, one of immenfe furface 
has been conftru&ed by J. G. Children, efq. It confifted 
of twenty pairs of plates of copper and zinc, each plate 
being fix feet fquare, the whole exhibiting a zinc and copper 
furface equal to 720 fquare feet. Each of the pairs of 
plates was united at the top by ftrips of lead bent into an 
arch, and fo as to allow the plates to be exaftly parallel to 
each other. The cells were diftin6t and made of wood ; 
each pair of plates entered two cells, having the wooden 
divifion between them. The plates were all fufpended from 
a beam above, and counterpoifed to admit of their being 
eafily let down into the liquid in the cells. The liquid con- 
fifted of water with one-fixtieth of a mixture of the ful- 
phuric and nitric acids, which was afterwards gradually in- 
creafed to one-thirtieth. Leaden pipes were conveyed from 
the ends of the battery to an adjoining (hade out of doors, 
where the experiments were made. 

This battery, as a fource of heat, furpaffed any thing 
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ever before heard of. It melted platinum with the great ell 
facility. Trillium, which had not been before melted, was 
fufed into a globule. Charcoal was kept at a white heat in 
chlorine gas and phofgene gas, without any change being 
produced in the gas. It ignited fix fee t of platina wire. It 
was obferved, that when the wire was lefs than a certain 
diameter, a lefs length was ignited. A view of one of the 
before mentioned troughs is incwn in Jig . i . 

Since this plan is likely to become general, from its 
great advantage both in economy and convenience, we (hall 
venture to fugged feveral improvements. 

For making all the variety of galvanic experiments, it has 
always been a defideratum to have a battery, the furface of 
which may be increafed in any proportion, to a certain limit, 
without affefting the feries or number of combinations. 
This has not hitherto appeared prafticable by any other 
means than that of ufing diftinft batteries of different fizes. 

A battery on the plan above described, having loofe 
plates, will admit of the advantage here alluded to, without 
any other increafe of expence than that of the additional 
plates which are meant to increafe the furface at pleafure. 

The cells in the earthen trough (hould be about an inch 
and a half frgm one dividing furface to the other, and ca- 
pable of receiving plates of four inches fquare. Each of 
the cells may occafionally contain four plates, two of zinc 
and two of copper. 

The form or the plates for this battery is reprefented in 
Jig . 2. Plate I. having a wire llaple, ab , of the fame metal 
with the plate. The daples mud be made accurately of the 
fame fize for all the plates. A piece of wood, a b , (Jig, 3. ) is 
made to pafs through all the daples of the plates. This 
bearer, or fufpender, is divided into as many tranfverfe 
grooves as there arc plates, of a depth capable of receiving 
one-half of the diameter of the wire daple. In the fame 
bearer are alfo two longitudinal grooves, A A, B B, about 
one-tenth of an inch wide and a quarter of an inch deep. 
A number of Aiding pieces of brafs, a a, are introduced into 
the latter grooves, equal to the number of combinations, 
one half of the pieces being in one groove, and the other 
half in the other. Tnefe pieces of metal, after being placed 
in proper fituations, are filed down with the tranfverfe 
grooves, leaving the metal above the wood, where the daple 
of a plate is intended to touch the metal, and filing the 
metal away lower than the wood, where the daple is not 
meant to be in cor, t aft. 

After the plates are arranged' upon the bearer, alternitely 
copper and zinc, the pieces of Aiding metal are made to 
communicate with them, that the zinc plates of one cell 
may communicate with the copper of the fucceeding cell, 
the zinc of the lad with the copper of the next, and 
fo on throughout the feries. The plates being all in their 
places and properly connected, a fecond piece of wood, c d> 
{Jig* 4*) is laid upon the bearer, with correfpondent grooves 
to fit the daples. It is covered on the under fide with 
woollen cloth, fo that when it is ferewed to the bearer it 
ferves to keep the plates fecure, and at the fame time pre- 
ftrves the connefting parts from the fumes of the acid 
employed in the battery. A fection of the bearer, daples, 
See • are feen in Jig . 4. The whole of the apparatus com- 
plete is reprefented in Jig . 5, as drawn out of the cell. 
Fig. 6. is an end view of the apparatus. 

In this battery, the maximum of furface is when every 
cell contains two plates each of zinc and copper. When 
it is required to reduce the furface, nothing more is necef- 
fary than to take off the top part of the bearer, while the 

J dates are reding in the trough, and then drawing out the 

ower part, Ii the two end plates of each cell, one of 
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copper and the other of zinc, be taken away throughout 
the whole, the bearer may be again introduced to its ori- 
ginal fituation. The battery will now confid of the fame 
(cries and half the furface. If a mean quantity of furface 
be required, it is, done by taking the end plates away from 
a part of the cells. 

It appears, from an experiment detailed in Nicholfon’s 
Journal, vol. xxvi. p. 72, that the copper furface may be 
increafed to advantage above that of the zinc. The experi- 
ment is as follows : If an arc of copper and zinc be made 
to conned two glafs cups containing dilute muriatic acid, 
the zinc part of the arc being in one cup and the copper in 
the other, and if the connexion be made between the two 
cups, to complcat the circuit by an arc of copper wire, a 
quantity of bubbles will be evolved from the copper wire of 
the compound arc. If, however, indead of the copper wire 
the connexion be made with a conical flip of copper, a very 
different effeft will be obferved, as the broad or pointed end 
of the flip may be next to the zinc wire. When the broad 
end is placed in the cup where the zinc wire is placed, a 
much greater quantity of bubbles appears upon the copper 
of the compound arc, than when the finall end is placed 
next to the zinc. Hence it would appear, that the copper 
furface Aiould be greater than that of the zinc. This may 
be very eafily effe&ed, by dividing the copper furface into 
fmall grooves, the fides of which make an angle of 6o°, the 
furface will by this means be doubled. This figure might 
be given to the copper furface by means of a pair of fluted 
rollers. It will be obvious, that if the grooves are not very 
fmall, the different parts of the copper furface will not be 
uniformly contiguous to the zinc furface, which is a matter 
of fome importance. 

Having deferibed the mod convenient and economical 
method of conflrufting a battery, we (hall now confider the 
means of exerting the galvanic energy fo far as relates to the 
interpofing fluid. 

In the galvanic battery, there appear to be two fources 
from which the eleftricity is obtained. The one is that 
which arifes from the con tad of the metals, and the other 
from the chemical action between the interpofing fluid and 
the zinc furface. The fird doe.s not require even the 
prefence of moidure, as is (hewn in the eleftric column of 
De Luc. The fecond is rendered greatly confpicuous by 
introducing between the oppofite fu rfr.ee s any fubdance ca- 
pable of oxydating and diffolving the zinc. 

Acids, as appears fronj thep receding table, are the great- 
eft promoters of the energy afforded by chemical aftion, be- 
caufe they diffolve the zinc after it has been oxy dated by 
the oxygen of the water. This is more efpecially the cafe 
with the fulphuric and muriatic acids, becaufe thefe acids 
are not dccompofed by the zinc. The nitric acid produces 
a ftill greater galvanic effeft, becaufe the acid i6 decomposed, 
and oxydates the zinc w ith greater facility than water. The 
water is alfo decompofed when this acid is ufed. Zinc hy- 
drogen is always evolved. 

The aftion is always increafed when the conducing 
power of the fluid is increafed. Heace it would be proper 
to ufe fome cheap faline folution with the acid, which will 
not be decompofed by the fame. 

The faline folulions, alone, are very inferior to any of the 
acids. But from what has been obferved, we may eafily 
point out fuch felts as are beft fitted for the purpofe. All 
the fuper-faits, from their cxcefs of acid, will anfwer this 
purpole ; or fuch faits as are decompofed by zinc. All 
thole faits which ad upon metals by forming triple faits, 
fuch as muriate of ammonia and muriate of foda, are found 
to aft very well in the galvanic battery. 
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It will be proper to obferve here, that the interpofed 
fluid does not afford a quantity of eleCtricity proportionate 
to the rapidity of the oxydation, or at lead the quantity of 
galvanic energy cannot be appreciated beyond a certain 
Emit, If the quantity of the concentrated acid be much 
more than from Vo to Vu the weight of the water, the power 
of the battery will not be found to incrcafe but from another 
caufe, which we fhall hereafter explain ; the power is much 
fooner exhaufted than when a fmaller dofe is ufed. The 
zinc is ox y dated fo (lowly by faline bodies, that they may 
be ufed in faturated folutions. Potafh, in a cauftic ftate, 
even when much diluted with water, might be ufed to great 
advantage. At the fame time that it fcarcely appears to 
oxydate the zinc, when a (ingle pair of wires of copper and 
zinc are ufed, the copper wire affords as much hydrogen 
during the contaCt, as could be expeCtcd from the agency 
of an acid. It is, therefore, highly probable, that potafh 
or foda will be fubftituted for acids in galvanic experiments, 
as well for the fake of economy as from its being lefs offen- 
five to the operator. It poffeffes another advantage dill 
greater, in not deftroying the zinc plates like acid 
loliitions. 

From what has been faid regarding the interpofed fluid, 
it will be eafy to infer that the greateft part of the galvanic 
energy, which is electricity excited by chemical adtion, de- 
pends upon the prefence of the water, and fome fubdance 
which can diffolve the zinc, and at the fame time give a 
greater conducing power to the water. The effedt is 
not, as fir Humphrey Davy has fuppofed, produced by the 
opposite eledtrical dates of the elements of the compounds 
conftituting the fluid medium, fince the hypothefis is contra- 
dicted by experiment. If there wanted another experiment 
to decide, that the galvanic efledt is as the chemical effedt, 
the following would fuflice. Take two wine-glaffes, con- 
taining dilute muriatic acid, and connedt them by an arc 
made of two wires, one of zinc and the other of platina, fol- 
dered or tied together, the zinc being in one glafs and the 
copper in the other. If the circuit be complicated between 
the glaffcs by an arc of platina wire, no appearance of bub- 
bles will be obferved upon the platina wire of the compound 
arc. If, however, a fmall quantity of nitric acid be poured 
into the glafs containing this wire, hydrogen gas will be 
immediately evolved from it, and at the fame time the other 
platina wire in the lame glafs will become oxydated. This 
effedt is not caufed by the eledtrical agency of the nitric 
acid, which is decompofed ; becaufe when copper is ufed 
in (lead of platina, with the pure muriatic acid, the fame 
effedt takes place. It appears, therefore, that the increafed 
effedt would be attributed only to the oxydation of the wire 
of the homogeneous arc, in the glafs containing the negative 
wire of the compound arc. 

In every galvanic procefs, from a (ingle combination to an 
unlimited feries, no effed is obferved till the circuit is com- 
plete ; and during this, a current of eledricity is efta- 
blilhed from the zinc furface of one combination to the 
copper of the fuccecding. While it is paffing through a 
metal, whatever be its length, it obeys the laws of elec- 
tricity very ftriCtly,but when it paffes through a humid con- 
dudor, it appears to poffefs rather anomalous properties. 
It is proper to obferve here, that conductors of Galvanifm 
are of two kinds ; the one we (hall call dry condudors, and 
the other humid. The firft clafs comprises all the metals, 
well burnt charcoal, plumbago, and the fulphurets of metals. 
Water appears to be effential to the fecond kind, holding in 
folution acids, alkalies, or neutral falts. Simple water has 
its conducting power increafed by the fmalleft quantity of anv 
acid, alkali, or fait. When the conducting wires of a gal- 


vanic battery are made to terminate in a veffd of pure water 
the water will be obferved to be decompofed, the oxygen 
being given out at the pofitivc wire, or that coming from 
the zinc fide of the battery, and the hydrogen from the ne- 
gative or oppofite wire. If the fmalleft quantity of an 
acid, a fait, or an alkali, be added to the water, the rapidity 
of the decompofition will be increafed very confpicuoufiy. 

As it is of fome importance to know the relative con- 
ducing power of water, and its different compounds, the 
following apparatus has been contrived for this purpofe, re- 
prefented injif^. 7. Let eg be a fmall cup of wood var- 
nifhed, or, what is much better, glafs ; and * c two wires of 
platina diftin&ly inferted in the bottom of the cup, fo as to 
be water tight. A glafs tube, 0 p , filled with the fluid, is 
inverted in the cup to receive the gas which arifes from the 
wires z c f while tnc fluid defeends, and is contained in the 
cup. If the cup eg be made larger, and of an oval (hape, 
two glafs tubes may be inverted over each wire, and the gafes 
may be obtained feparateiy. Fig . 8. A B C D, is a fame 
fupporting one of the cups. The parts G and F are of 
glafs or varnifhed dry wood, cemented into the parts 
A B C D, which are of brafs, fo that the two fides H and I of 
the frame are detached. The apparatus,^-. 7. with four 
others fimilar, are to be placed in the frame, the wire % 
being inferted into one fide of the frame, and the other, r, 
refting upon the other fide. When the glafs tubes of each 
are filled with different fluids, the fi.de H is connected with 
one end of the battery, and that of I with the other. Since 
the galvanic current mull neceffarily take the heft conductor, 
the aCtion will commence through that fluid having the 
greateft conducing power. If a thin bit of baked wood or 
glafs be put under the refting part c, in that where the 
aClion commenced, the current will be transferred to the 
next inferior conductor, and fo on to all the reft. By this 
means an accurate table, (hewing the relative conducting 
powers of fluids, may be eafily obtained. 

Since the quantity of gas is the tell of the conducting 
power, fome allowance mull be made when the muriates are 
the fubjeCt of experiment. Almoft all the oxygen gas dif- 
appears in converting the muriatic into oxymuriatic acid. 
In a fimilar way the hydrogen does not appear when certain 
metallic folutions are employed, fince it combines with 
the oxygen of the metallic oxyd, and the metal is re- 
duced. When the battery is in full power, and of great 
extent, the relative conducing power of the fluids may be 
expreffed by the time required for the afeending gas to dis- 
place the liquid in the glafs tube. In all thofe experiments 
where the dements of bodies are transferred to different 
fides, the transfer takes place through any of the moift con- 
ductors, but not through any of the dry ones. No transfer 
can therefore be made through folid bodies, except the body 
be permeable to moifture. Sir Humphrey Davy, in his ex- 
periments, made ufe of the fibrous afbeftus moiftened with 
water. Where the fluids are required to be ftriCtly fepa- 
rate, bladder anfwers very well as a feparating medium. 
Animal and vegetable fubftances, however, abound with 
fo many elements, that in nice experiments they would be 
objectionable. A veffcl divided into a proper number of 
cells of earthenware, in the ftate of bifeuit, would be beft 
calculated for thefe experiments. This veffel fhould be 
made of pure (ilex and pure alumina. Should it ever be- 
come an objeCt of manufacture to feparatc acids and alkalies 
from neutral falts, a veffel of wood, with a feparation in the 
middle, of unglazed earthenware, would anfwer very well. 

We (hall here mention fome curious fafts connected with 
the interpofition of metals, in different conducting media. 

When the wires* coming from the two ends of a galvanic 
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battery, are brought into feparate veffels containing any 
fluid which is a condudor. If a wire of platina, m the 
form of an arc, conned the two glaffes together, that end 
of the connecting arc in the pofitive glafs will afford hy- 
drogen gas, while that in the negative glafs will furniih 
oxygen gas ; or, if we take all the four ends of the wires in 
the circuit, the pofitive wire from the battery will give 
oxygen, and that oppofite to it, in the fame glafs, hydrogen. 
In tne other glafs, the negative wire will afford hydrogen, 
and the oppofite wire oxygen, fo that the water appears to 
be decompofed in each glafs, fince oxygen and hydrogen 
are furnifhed Separately oy each glafs. If a number of 
glaffcs'be arranged fimilarly, having connecting arcs of pla- 
tina, and if the wires of the battery be introduced in the 
extreme glaffes, all the ends of the wires will alternately 
furniih oxygen and hydrogen. No theory yet brought for- 
ward will fatisfa&orily account for thefe phenomena. Sir 
Humphrey Davy would affert, that each of the wires from 
the battery induced an oppofite ftate of cledricity in the 
wires oppofed to them 5 and that in confequence the one 
attraded oxygen and the other hydrogen. Another theo- 
rift might hold that the eledricity, which enters the firft 
glafs from the pofitive fide, decompofes the water, and com- 
bining with the hydrogen, fets the oxygen free. The elec- 
tricity and the hydrogen pafs through the fluid to the op- 
pofite wire, when the electricity deferts the hydrogen, and 
palling through the platina arc, decompofes the water in the 
fecund glafs. The oxygen is again evolved, and the hy- 
drogen carried to the next wire, and fo on through the re- 
mainder of the glaffes. 

A very curious experiment of the above kind rather tends 
to confirm the latter, than the former hypothefis. We, 
however, give thefe fads to the common flock, for the ad- 
vantage of other labourers in this field of inquiry ; ftrongly 
convinced that every hypothefis yet advanced falls very fhort 
of explaining all the phenomena of Galvanifm. 

Let the wires of a galvanic battery be made to terminate 
in a flat-bottomed veffel, containing pure water, about an 
inch and a half from each other ; and if now another wire, 
of an inch in length, be laid longitudinally between them, 
but not to touch them, each end of the intermediate wire, 
if of gold or platina, will afford gas. That end oppofite 
the negative wire will give oxygen, and the other end of the 
fame will furniftt hydrogen ; and if any number of bit! of 
wire be placed between the principal wires, at the fame time 
they d6 not touch each other, oxygen and hydrogen will be 
alternately furnifhed by the ends of the wires. When the 
principal wires are brought nearer together, and a platina 
wire placed tranfverfeiv between them, one fide of the in- 
termediate wire will turnifh oxygen, and the other hydro- 
gen. This fad is put in a more ftriking point of view, by 
placing a plate of platina in a veffel of water edgeways, and 
bringing the wires of the battery oppofite to each other, and 
perpendicular to the fides of the plate. If the battery em- 
ployed confift of 50 plates three inches fquare, a circular 
fpot will be obferved on each fide the plate, oppofite the 
wires. This appearance is caufed by the evolution of gas 
from thofe parts of the plate only. 

It is fingular, that in all the experiments where the con- 
ceding wire was immerfed in the water, if any fubftance, 
capable of increafing the conduding power of the water, 
be very gradually added to it, the gafes given out by the 
intermediate wire will diminifh, till they entirely ceafe to be 
produced. The wire which was tranlverfely placed fooner 
ceafed to afford gas, than when it was in a longitudinal po- 
rtion ; and the efled fooner ceafed with the wire than with 
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the plate : and in different plates, the continuance was as 
the fize of the plate. 

If the plate, however, be cut fo as to divide the veffel 
into two portions, ancl the edges fo completely cemented to 
the fides of the veffel that no liquid communication cxifts be- 
tween the two portions, each fide of the plate will furniih as 
much gas as the wires, whatever may be the conduding 
power of the fluid. If the power, which induces the plate 
or immerfed wires to give out gas, depended upon the .in- 
duction of the oppofite wires, why is it not as great before 
the fluid is divided as afterwards ? and why is it the fame 
when pure water is ufed, whether the intermediate wire be 
immerfed in the water, or is made to connect two portions 
of water together > Thefe are fads which, in the prefent 
Hate of knowledge, do not admit of eafy folution. They, 
however, Ihew us the neceffity of having the cells of our 
galvanic batteries perfedly diftind from each other. It 
appears pretty clear, that that which condu&s the oxygen 
or the hydrogen, or perhaps both, paffes with greater faci- 
lity through a good moift conductor than through a metal. 

Decompofition of Bodies in general. — The decompofition of 
water and of metallic oxyds was known to Cruicklhank, the 
hiftory of whofe experiments we have already given ; and in 
a very early ftage of galvanic progrefs, it was obferved that 
the alkali was Separated from muriate of foda in the gal- 
vanic battery. In fubjeding muriate of foda to the galvanic 
power in a glafs tube, it has alfo been obferved that oxy- 
muriatic acid was produced. The fubjed of the decom- 
pofition of falts, however, has been clearly made out, and 
eilablifhed on true principles, by fir Humphrey Davy, 
whofe experiments have been detailed under Galvanism. 
The chemical agency of bodies, arifing from their relative 
eledric ftates, is no doubt the caufc of the decompofitions of 
falts, and of all other bodies to a certain extent ; although 
there arc many decompofitions, particularly the metallic 
oxyds and water, which are to be attributed to fome other 
caufe much more adive and expeditious. We lhall here 
venture to draw a line of diftin&ion between the decompofi- 
tion effeded by the eledrical intenfity arifing from the con- 
tact of the bodies, and that produced by the eledricity, and 
the hydrogen developed by the chemical agency of the 
oxydable metal, and the oxydating fluid. 

If wc take a Single combination, for inftance, a zinc wire 
conceded with a platina wire, the eledrical intenfity arifing 
from contad is fo exceeding fmall, that it could hardly be 
appreciated by the acid of the condenfer. If this com- 
bination be immerfed in water, no galvanic appearance takes 
place, however near the immerfed ends be brought to each 
other. If, however, we add to the water about onc-tenth 
its weight of muriatic acid, an immenfe quantity of hy- 
drogen immediately appears upon the platina wire, and con- 
tinues to be evolved fo long as the contad is formed, till 
the acid is expended. The eledrical intenfity, however, is 
the fame with the water as with the dilute acid 5 yet the 
quantity of hydrogen upon the platina wire, when the acid 
was ufed, which can be attributed only to galvanifm of 
chemical adion, is much more than could be obtained by 
the mofl powerful eledric machine. It can readily be ad- 
mitted, from experiments in which Dr. Wollafton decom- 
pofed water by the eledric machine, and from the eledric 
effeds of Deluc’s column, that fome water would be de- 
compofed by the fingle combination, independently of the 
chemical adion ; but the difference is fo glaring as to pro- 
duce the ftrongeft convidion, that the decompofition of 
water and the tranfmifiion of hydrogen are not dependent on 
the mere eledric ftates of the wires. That the hydrogen is 
3 ° 
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tranfmitted from the zinc to platina, daring the chemical 
dftion, many experiments feem to prove ; and that the hy- 
drogen fo tranfmitted, by its chemical agency, and in its 
nafeent ftate, is capable of effecting many decompositions, 
which, under other circumftances, would be impoflible. 
In the fingle combination above alluded to, if the dilute acid 
be Separated from a Solution of acetate of lead, or fulphate 
of copper, by a piece of bladder, the zinc being immerfed 
into the acid part, and the platina into the metallic Solution, 
no hydrogen will be afforded by the platina, but the metal 
becomes reduced in proportion to the quantity of hydrogen 
which has disappeared : yet no perceptible quantity of this 
effeCl can be attributed to the ele&ricity of contaft, but to 
the mere chemical agency of hydrogen in its nafeent ft ate. 
Hence we are inclined to think, that the decompositions by 
the galvanic battery arife from two caufes. Water princi- 
pally owes its decomposition to the chemical aClion, and the 
agency of the ele&ricity upon the hydrogen. Metallic 
oxyds are principally decompofed by the prefence of the 
nalcent hydrogen, fo collected and tranfmitted by the elec- 
tricity. The decompofition of faline bodies, however, is 
to be attributed alone to the eleCtrical attraction produced 
by the contaCt of the bodies employed, which can be made 
fo great as to overcome the chemical attraction of the bodies 
decompofed. Of the latter of thefe powers of decomposi- 
tion we have given fome account, in detailing the ingenious 
experiments of fir Humphrey Davy ; of tne two former 
means of decompofition we (hall fay lomething in a practical 
point of view. 

Many very anomalous faCts were known in chemiftry 
long previous to the difeovery of Galvanifm. All thole 
chemical phenomena, under which the appearance called ar- 
borefcence was obferved, were inexplicable, till it was (hewn 
from fome experiments, publifhed in Nicholfon’s Journal, 
vol. xv. p. 94, that Galvanifm is the caufe of thefe lingular 
phenomena. In the experiment where lead is fo beautifully 
precipitated, by fufpending a piece of zinc in a folution of 
acetate of lead, the zinc firft reduces a Small portion of 
lead, which, with the zinc, forms a galvanic combination. 
The lead, if no Solution of lead were prefent, would now 
give out hydrogen gas ; but the hydrogen, inftead of ap- 
pearing in that form, combines with the oxygen of the 
oxyd, and the metallic lead is formed at the fame point. 
Hence the lead appears to grow from the laft point formed, 
which gives the appearance of vegetation. That this effeCt 
does not depend upon the prefence of zinc, may be proved 
by the following experiment. Tie on one end of a glafs 
tube, about half an inch wide, a piece of bladder, fo that 
it may hold water, and fill it with a folution of acetate of 
lead. Into the other end infert a cork loofely, and through 
the cork let a platina wire pafs within about naif an inch of 
the bladder. Into a wine-glafs put fome dilute muriatic 
acid, in which place a zinc wire. When the tube with the 
bladder is immerfed in the wine-glafs, if that part of the 
zinc wire without the glafs be brought into contact with that 
part of the platina wire without the tube, beautiful cryftals 
of metallic lead will Soon appear upon the platina wire. If 
the acetate of lead be removed, and a dilute acid be put in 
its place, bubbles of hydrogen will appear upon the platina 
wire. 

Another experiment, fimilar to that of the lead-tree, and 
equally anomalous, has been long known in chemiftry. If 
a plate of glafs be Smeared over with a folution of nitrate of 
iilver, and a brafs pin or a piece of zinc wire be laid in the 
middle of the plate, beautiful ramifications of filver will Soon 
appear as if growing out of the pin, very much refembling 
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vegetation. By obferving the procefs with a magnifying 
glafs, each branch of this arborelcence may be feen to grow 
from the end or fide of another ; which proves that the filver 
forming the vegetative appearance is not reduced by the 
oxydable metal laid on the plate, but by Something at the 
fucceflive points of the filver branches. With a view to 
ascertain this fad, one half of the plate fhuuld be Smeared 
with nitrate of filver, and the other half with dilute muriatic 
acid. If a piece of zinc wire be tied to a piece of platina 
wire, and the compound wire fo bent that the zinc may 
touch the dilute acid, and the platina the nitrate of filver, 
the ramifications of iilver will Soon appear upon the platina 
wire. That the filver is reduced by the hydrogen carried 
in the galvanic current, is probable from varying the ex- 
periment as follows; If, inftead of Smearing the plate 
with nitrate of filver, the whole be covered with dilute acid, 
and the fame compound arc be laid upon it, the platina will 
give out bubbles of hydrogen. In the commou way of 
making this experiment with the pin, as well as the variation 
above ltated, it appears that the procefs is kept up by the 
galvanic current, which furnifties the hydrogen. The pin 
nrft reduces a fmall portion of filver, which forms a gal- 
vanic combination with the pin. The hydrogen which, but 
for the prefence of the remaining nitrate of filver, would 
appear in the gafeous form, is employed in depriving the 
filver of its oxygen. With the compound arc, the zinc 
docs not require to touch the nitrate of filver, becaufe the 
platina with zinc is already a galvanic combination. The 
theory of whitening common pins can be explained only on 
this principle. The tin, in a fmall proportion, is diflolved 
in the tartrate of potafti ; pieces of metallic tin, with the 
pins, are alfo prefent. The two latter form the galvanic 
combination, and a portion of tin is reduced from the Solu- 
tion upon the pins, to which they owe their whitenefs. We 
may generally conclude, that in all inftances where one 
mLtal becomes the precipitant of another, the precipitation 
is much facilitated by the agency of the galvanic combina- 
tion, formed between the precipitating and the precipitated 
metals, and the consequent prefence of hydrogen. If a 
piece of zinc be introduced into a folution of fulphate of 
copper, the zinc in the firft inftauce becomes covered with 
copper, and the effeCt appears to ftop. If, however, a 
very fmall excels of Sulphuric acid be added, the procefs 
will go on with fuch rapidity, that the copper becomes 
precipitated in a very little time. By minutely obferving 
the procefs, the copper will be feen to be reduced upon 
that already produced, which is a proof that it is not done 
by the mere agency of the zinc. 

It appears very evident, that when a galvanic combina- 
tion of zinc with any leffer oxydable metal is placed in a 
dilute acid, that a much larger quantity of hydrogen will be 
evolved from the leffer oxydable wire, than could poffibly 
be produced by any electrical intenfity generated by the 
contaCt of the bodies employed ; but that independent of 
this, there is an immenfe quantity of eleCtricity generated 
during the chemical aCtion, by which the hydrogen is tranf- 
ported from the greater oxydable Surface to the leffer one. 
If the quantity of hydrogen produced depended upon the 
attraction of the wires for the elements of the water, this 
power would depend upon the eleCtrical intenfity alone, and 
of courfc upon the Series in the galvanic battery, whatever 
might be its Surface ; but it is found that the power of Gal- 
vanifm to decompofe water is much increafed by an increafe 
of furface only. 

Galvanifm as a Source of Heat . — When the wires coming 
from the ends of a galvanic battery of confiderable furface 
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are brought into contaft, a brilliant fpark is produced, and 
the wires ftick together with confiderable force, as if they 
were welded, or united by fufion. If the parts in contaft 
be held with the fingers, a confiderable heat will be per- 
ceived, which will be greater as the battery is more power. 
ful 9 and inverfelv as the thicknefs of the wires. 

Small wires leem to affect the eleftric fluid in a manner 
fimilar to that in which light is affefted by a convex lens, 
or a concave mirror, by concentrating and compelling a 
large quantity of eleftricity to pafs through a fmall channel. 
Tins appears to be the cafe with common eleftricity, as well 
as galvanifm, fince by difeharging the eleftrical battery 
through very fmall wires, the metals become fufed and 
oxydated. 

On the galvanic battery this experiment fliould be made 
as follows : at each end of the battery (hould be placed a 
rod of metal, with a clean ball at the top of each. Between 
the two balls muft be ftretched a piece of very fmall wire, not 
exceeding ^th of an inch in diameter, while the circuit 
is interrupted in fome other part of the battery. As foon 
as the wire is fixed, the circuit muft be completed where it 
W38 broken, and the current will inftantly be determined 
through the fmall wire, which will in confequence become 
ignited. 

It was difeovered by Dr. Wollafton, that, in the ignition 
of wire by the voltaic battery, there was one certain diame- 
ter of the wire, in which the length ignited was the greateft, 
above or below which the length was lefs. This does not 
arife from more heat being fent through the wire in which 
the greateft length was ignited, but from the ratio of the fur- 
face of the very fmall wire being fo much greater to its foli- 
dity than in thicker wire, by which a greater proportion of 
heat is carried off by radiation ; but when the diameter is 
beyond a certain extent, then a lefs length is ignited, from 
the heat being lefs concentrated. 

It has alfo been found, that very different lengths of wire 
are heated of different metals when their diameters are equal. 
This appears to take place from the relative conductive 
powers of the different metals for eleftricity, which appears 
to be as their condufting powers for heat. Platina, being the 
worft conduftor, has a greater length heated ; and mver, 
which is known to be a good conduftor, has a lefs length 
heated. 

If the battery be very powerful, it will be fufed and oxy- 
dated. When a conneftion is formed between the two ends 
of the battery, by means of the very thin foils of metals, 
fuch as leaf-gold, the metals undergo brilliant combuftion, 
exhibiting different coloured flames. Charcoal and plum- 
bago, prefented by /harp angles, are fimilarly deflagrated. 
If the ends of the two wires coming from the battery be 
made to touch each fide of a fmall globule of mercury, the 
latter will inflame with a bright flalh. This heat, fumimed in 
the*galvanic current, is alfo very apparent while it is palling 
through moift conductors. Different fluids fubjefted to de* 
compofition in the circuit, in glafs tubes, become coniider- 
ably heated, and this will be found the cafe, as the diameter 
of the tube is lefs. 

Sir H. Davy attributes this heat to the decompofition, 
which muft ftnke any one as being an error. Heat we al- 
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ways find to be evolved during combination ; the very re- 
verfe of which ought to take place during decompofition. 

ABion of Galvanifm upon Animals* — KM animal fub- 
fhnees, either dead or living, if not deprived of their moif- 
tute, are tolerably humid conduftors of Galvanifm. In the 
living fubjeft, independent of its condufting power, it has 
the property of being affefted in a peculiar manner. All 
thofe animals wliich poffefs excitability are affefted by Gal- 
vanifm as they would be affefted by any other violent fti- 
mulus ; and if the excitable part be at all mufcular, the 
fibres are vigoroufly contrafted. This caufes, in a living 
and confcious animal, a fenfation not unlike an eleftric 
Ihock. The fhock is more like that of common eleftricity, 
as the plates of the battery arc fmaller and more numerous. 
When the plates are of very large furface, a fort of ribra- 
tory motion is felt through the part attended with a fenfa- 
tion of heat ; and this, in a powerful battery, is felt fo 
long as the conneftion is kept up. The belt mode of taking 
the fhock is firft to moiften the bands, or the part where the 
effeft 1 is to be applied ; grafp in each hand a piece of metal, 
fuch as two fpoons, and touch each end of the battery with 
the other ends of the fpoons at the fame time. If it is in- 
tended to be applied to any other part, let two plates, of 
about two inches in diameter, be each attached to the wires 
coming from the battery, and let the plates be applied to fome 
two parts : if the effeft be too fevere, let fome inferior con- 
duftor be placed between the plate and the flan. 

Sir H. Davy found, that when an animal fubftance was 
placed in the circuit of a galvanic battery, the different com- 
pounds contained in it were decompofed. This was more 
efpecially the cafe with the faline bodies contained in the ani- 
mal fluids ; the acids of the falts were found on the pofitive 
fide of the battery , and the bafes of the falts on the negative. 
Should it be afeertained that any redundancy of faline mat- 
ter is the caufe of difeafe, Galvanifm might be employed 
with great fuccefs in Separating thofe bodies from the lyftem. 

Dr. Wollafton has given fome hints in Nicholfon's Jour- 
nal, from which it appears probable that the power of the 
glands in fecreting different fluids is dependent upon the 
eleftrical ftate of the glands ; by which they are iuouced to 
attraft all bodies in a contrary ftate to themfelves. The opi- 
nion of this ingenious gentleman has been ftrongly corrobo- 
rated by fome experiments made by Meffrs. Home and 
Brandt. Phil. Tranf. 

Thefe, however, are fpeculations on which we cannot at 
prefent place ftrift reliance. The fame conjeflurc which is 
applied to fecretion may be applied to the oxygenation, or 
rather the decarbonization of the blood in the lungs ; fince 
the carbon appears to be transferred through the membranes 
between the pulmonary arteries and the interior of the lungs. 
The fame theory may be alfo applied to account for tlie 
change of the colour of the blood between the foetus and the 
mother. Mufcular excitability may perhaps arife from a 
certain eleftric ftate of the mufcular fibre caufed and kept 
up by the arterial blood $ and if we may be allowed to carry 
the conjefture ftill further, mufcular motion may perhaps 
be caufed by the relative eleftric ftates of the mufcles, and 
the brain and nerves. 
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WAGGON, in Agriculture and Rural Economy , a kind 
of vehicle or carriage in common ufe. There are divers 
forms of waggons, accommodated to the divers ufes they 
are intended for. The common waggon confifts of the 
/hafts, or rads, which are the two pieces the hipd horfe bears 
up ; the welds ; the Jlotes, which are the crofs pieces that 
hold the (hafts together; the boljler, being that part on 
which the fore-wheels and axle-tree turn, in wheeling the 
waggon acroi’8 the road ; the chejl, or body of the waggon, 
having the ftaves or rails fixed tnereon ; the bales, or hoops, 
which compofe the top ; the tilt, the cloth thrown over the 
hoops ; befides the wheels, axle-tree, &c. 

Waggons are too frequently conftrufted without that 
proper attention to the nature of the roads, or the forts 
of articles which are to be conveyed by them, which is necef- 
fary, being in general heavy, elumfy, and inconvenient convey- 
ances. There is, however, a waggon of this kind, which is much 
employed in the county of Berks, that is formed and built 
on a more Ample and convenient principle than thofe com- 
monly met with in moft other fouthern parts of the country, 
and which has not either the height or weight of them, 
while it poffeffes fufficient Itrength, and is eafy in the 
draught. The writer of the firft account of the agricul- 
ture of that diftri£t has, however, fuggefted an improve- 
ment to be made in it, which is that of leaving the fpace 
fufficiently deep in the body or bed for the fore-wheeis to 
lock round in the (horteft poffible curve, as in the prefent 
manner of its conftru&ion, a great deal of time is neceffarily 
loit in the turning at the ends of the fwaths aud plats ia 
carrying hay or corn, as well as on fome other occafions, as 
in this way the inconvenience may be removed without 


doing the fmaileft injury, it is faid, to the fymmetry or 
Itrength of the carriage or waggon. 

In the correfted report on the agriculture of that diftrift, 
which has been more lately drawn up, it is however noticed, 
that fome farmers of the foreft part remark on the above, 
that the waggon would be much weakened by the propofed 
alteration ; and add, that an improvement has lately been 
made on the waggons of this county, which is found to an- 
fwer the purpote of the above fuggefted alteration, which 
is the locking chain, as it is called ; which is a chain from 
the pillar of the waggon, to about fix inches before the 
middle bed ftay, which is made of fuch a length, as effec- 
tually to prevent the waggon catching on the lock. Where 
the beds of the waggons are ftraight, as is common, it is 
faid, in the fouthern parts of the fame county, the improve- 
ment firft propofed would probably, it is thought, be ufe- 
ful ; but that in the vale and middle parts, tne beds are 
otherwife conftrufted, and fcarcely admit of alteration for 
the better. 

A waggon, too, which is peculiar to Cornwall, is faid to be 
light and elegant, being ufed there for carrying corn and hay 
in harveft time, and faggot-wood, as well as for many other 
purpofes. The body is open, which with a lade of five 
bars fixed before and behind gives it great length, while an 
arch put over the hind wheels gives it breadth ; the fore- 
wheels turn clear under the body, fo that it can fweep round 
in a very narrow compafs ; the load is fecured by two ropes 
tightened by a fort of winch fixed behind the waggon ; it 
carries about three hundred (heaves of corn at a time. A 
tongue tree, fometimes called a middle tree, or (hafts, arc 
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occatiohally fixed to the axle of the fore wheels, according 
as it is intended to be drawn by an ox or a horfe-team. 
This light waggon is thought to be deferving of a place on 
almoft every large farm in the kingdom. 

But the writer of the rural economies of the different 
counties of the kingdom, who has attended much to the 
fubjeft, thinks that thofe which are employed in the county 
of Gloucefter are to be preferred to any others in the coun- 
try ; as by means of crooked fide rails, bending archwife 
over the hind wheels, the bodies or frames of them are kept 
low, without the diameter of the wheels being much leflened. 
The bodies are likewife, it is faid, made wide in proportion 
to their fhallownefs, and the wheels run fix inches wider than 
thofe of mod other waggons, whereby advantages in carry- 
ing top-loads are, it is faid, evidently obtained. Mr. Rudge, 
too, in his account of the agriculture of the fame di drift, 
has remarked that, in many parts of it, waggons are the prin- 
cipal carriages employed in getting in the hay and corn, and 
are cither full-bedded or with three-quarter beds. That the 
former have the advantage of a greater length of bed, but 
are not fo convenient for turning ; and that the latter, though 
diminifhed in fize, have the convenience of locking the fore 
wheels, and turning in almoft as narrow a compafs as a 
chaife, in confequence of the bed being hollowed out on 
each fide near the middle, to admit the exterior part, or fel- 
loes of the fore wheels. Both thefe forts of waggons are 
capable of carrying nearly, it is faid, the fame weight, though 
the former, as being deeper in the bed, is fomewhat better 
adapted, it is thought, for the carriage of heavy articles, 
fuch as bags of corn, and other fuch materials. For the 
purpofe of carrying hay and ftraw, or of harvefting, their 
length and width are, it is faid, increafed by light lad- 
ders before and behind, and of fimilar contrivances, called 
“ rathes,” the whole length of the fides. The ladders are 
put on and taken off at pleafure in both kinds, but the fide 
additions are generally fixed ; except in the ftraight-headed 
fort, which are in ufe, it is faid, on the weftern fide of the 
Severn, in this county ; in thefe they arc made removeable, 
fo as to leave the bed quite naked. 

Another fort of waggon, which partakes, in fome mea- 
fure, of the properties of both the waggon and cart, on 
which account it has been appropriately denominated the 
hermaphrodite , is, it is faid, frequently made ufe of in the 
county of Norfolk, when the pair of fore wheels and ihafts 
are occafionally attached to a common cart by a pole con- 
nefted with the axle, to w hich are added the ladders. This 

is, it is faid, a light, cheap, and convenient fort of waggon, 
which is capable of carrying nearly as much hay or ftraw as 
that of the Berkfhire. 

As it has been obferved, that from its having been long 
a complaint among large farmers, and others, whofe bufinels 
requires the conftant ufe of carts, and only the occafionai 
ufe of waggons, that the waggon, however well preferved 
by a filed or other fuch building, is daily decaying and get- 
ting worfe while out of ufe, particularly the iron w’ork of 

it, which is fhortly deftroyed by ruft ; and that, in like 
manner too, with thofe whofe concerns require the almoft 
conftant ufe of waggons, and but the occafionai ufe of carts ; 
the latter, while unemployed, bear a very confiderable pro- 
portion to the wear and tear of carts which arc in conftant 
ufe : thefe circumftances and effefts have led and induced a 
Mr. Rood to devife and bring to perfection, at a very confi- 
derable ex pence, a contrivance of this particular kind, by 
which the lame carriage may, in a few minutes, be made by 
the carter into two complete tip carts of the common dimen- 
iions, and applicable to all the ufe* of carts in general, or 
into one waggon, fo complete, that a narrow infpeftion is, it 
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is faid, jneceffary to diftinguifit it from a common waggon. 
And that there is no complication of part* in this waggon, 
the whole being fo contrived, that none of its part* are ever 
out of ufe, confequently not liable to be mifiaid or loft. 
The carts, too, when it is formed into them, have a contri- 
vance by which to render them more fafe and eafy to the 
horfe in going down a hill, and have moveable fide ladders, 
which will, it is faid, be found of great ufe in carrying corn, 
bark, and other fuch materials. It is noticed, that it may 
be conftrufted by the wheelwrights of any county or dil- 
trift with perfeft cafe and facility, and that its Inape and 
particular dimenfions are capable of being fuited to the 
wifhes of the owner, or to the local faftiion of the neigh- 
bourhood in which he lives. That the refult of confiderable 
experience and enquiries enables the inventor to ftate that 
it may be completed, in ;»ny county or diftrift, for about five 
pounds more than the co* of two common carts. It is ad- 
mitted, however, that it in r omewhat more clumfy than a 
common waggon. 

It is united and held together by four ftrong pins, which 
are to be removed when it is difumted and ufed in the fepa- 
rated ftate. 

A reprefentation of it may be feen in the fecond volume 
of the “ General Diftionary of Agriculture and Huf- 
bandry.” 

In the county of Norfolk, Mr. Douton, of Brandon, 
according to the writer of the correfted report on the agri- 
culture of that diftrift, has found a confiderable faving by 
the ufe of light caravan waggons for two horfes abrcafl, 
with which he carries, it is faid, a chaldron and half of coals, 
and other loads in proportion ; and that, it is thought by 
him, every man, who reduces the teams of any county or 
diftrift, will be fure to do this until he arrives at perfeftion 
in a one-horfe carriage. 

In moft counties, however, ftill much too heavy carriages 
of the waggon kind are in ufe for the bufinefs of farming as 
well as road purpofes. In Kent, the carriages of this lort 
employed in conveying the corn to market and other places 
arc large, and called hutches, being drawn by four horfes ; 
and generally loaded with not more than from feven to 
twelve quarters of corn, according to its weight, and the 
diftance it is to be carried. They are thirteen feet long, are 
made crooked at the fides, the width cannot however be 
pofitively afeertained ; but they are generally three feet 
wide before, and four behind at the bottom ; and about 
fix or eight inches wider at the top, being twenty inches 
deep : they are boarded at the fides and ends cloft enough 
to carry fand. If made with wooden axle-trce6, they coft, 
it is faid, about twenty guineas : if with iron, twenty-five. 
Such waggons are, however, quite unfit for many farm 
ufes. 

In Stafford (hire, it has been obferved by Mr. Pitt, that 
the red u ft ion of the weight of w T aggoris, in moft cafes, but 
particularly to thofe who are common carriers, is highly be- 
neficial, being a gain of not lefs than fifty pounds a year by 
each team conftantly employed on the road ; and that if it 
be made with good materials a light waggon will laft as long 
as a heavy one. The coft of a narrow- wheeled waggon 
there is twenty-fix pounds ; fix inch, thirty-fix ; the axle- 
tree is moft commonly of wood. 

The author of the “ Prefent State of Agriculture atid 
Hulbandry in Great Britain / 9 remarks that waggons arte 
chiefly ufed in getting in the hay and corn harvefts, carrying 
the hay and grain to market, and bringing manure and 
coals from a diftance. That they are generally drawn by 
the whole team on the farm, where one only is kept, what- 
ever number of animals it may confift of, and that two men 
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and a boy are moftly neceffary to attend them. That in 
performing diftant carriages, when the roads are level and 
lubftantiaffy made, and the waggons at all times fully loaded, 
one of them may probably be as advantageoufly ufed as 
two or more cart9 of lets dimenfions. But tnat where 
the labour is required to be performed with expedition, as 
in the hay and corn harvefts, thefe unwieldy machines and 
contrivances are without doubt ill calculated for the purpofe; 
and that on every occafion, when they return half or a third 
loaded, it is evident the farmer fuftains a confiderable lofs. 
Inftances have occurred to the writer, it is faid, in more 
than one open-field parifh in this part of the country, where 
a waggon, with three or four perfons and as many horfes, 
has been difpatched to colled and carry home (battered 
parcels of hay from the ends of ridges, which, after going 
over a great extent of the parifh or diftrift, returned only 
partly loaded. Confidering the very high rate of labour, 
and the (hamefully extravagant manner in which, in hay or 
corn harveft, labourers and farm fervants are maintained in 
this part of the kingdom, it is furprifing, it is thought, that 
every farmer does not exert himfelf to devife and find out 
means by which he may perform his work with greater ex- 
pedition, and at lcfs cxpcnce. There are fomc, however, 
who think that this fort of carriage or conveyance, however 
'well formed and conftru&ed, from its neceffary great weight 
and unwieldinefs, as well as its expence, is moftly far from 
being advantageous to the intereft of the farmer ; as while 
it is highly dcftru&ive to the roads, it requires great power 
to draw it, which muff be procured at much cod, without 
affording an adequate compenfation in the incrcafed quantity 
of materials which it carries. 

Waggons unqueftionably require much ;nore power in 
the draught in proportion than carts, which is certainly a 
material objeftion againil them, though they are capable of 
conveying a much greater load ; but, befides, they are far 
from being fo handy and convenient for many forts of farm- 
work ; and fome too arc of opinion that more bufinefs may 
be done in any particular fpace of time, with the fame 
number of horles, by carts than by waggons, in the general 
run of hufbandry work, efpecially where the diilance is 
fmall between the places of loading and unloading. That 
where waggons are ufed for farm-work, they (hould be made 
wide and low, as the moft fuitable in different intentions. 
Manures may be carried in thefe forts of waggons almoft as 
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well, it is fuppofed, as in carts. Broad wheels are improper 
for palling and repafling upon tillage lands ; as if in fallow 
they prefs the land too much, making it fo hard as to 
prevent its being ploughed until wet comes ; but on grafs- 
laud, wheels of the broad kind arc proper and fuitable for 
all purpofes. In Berkfhire, Mr. Loveden is faid to put 
narrow fore-wheels to his waggons, and broad ones behind, 
in order to prevent injury to tender grafs-land. The hind- 
wheels in this way roll over the tracks made by the fore, and 
remove the mifehief they have done. The method is thought 
to be excellent, and of very eafy application. 

On the whole, waggons are probably the moft proper and 
fuitable fort of conveyances for different kinds of heavy 
loads that are to be carried to a diftance ; but that for home 
ufes, efpecially field and other work, which requires to be 
executed in a fpeedy manner, carts with proper fhelvings 
and other conveniences are to be preferred, as more ready 
and economical. See Cart. 

In the work of reducing the weight of waggons for farm 
ufes, as well as for road and other purpofes, it (hould always 
be done with much care and attention, in order that it may 
be taken from fuch parts of them as have not great force of 
draught or preffure upon them, and that thole parts which 
are much expofed in thefe ways may be left fufficiently 
ftrong. In the weight and fhape of the wheels fome reduc- 
tion and alteration may likewife take place, as may be feen 
in fpeaking of wheels. See Wheel. 

Waggon, in the Military Economy , is a four-wheeled 
carriage, drawn by four horfes, and applied to various 
purpofes. 

Waggon, Ammunition , in Military Language, is a waggon 
ufed in carrying all kinds of ftores, and alfo bread ; 
for which purpofe it is lined on the infide with balket- 
work. 

Waggo k-M after. General is he who has the ordering and 
marching of the baggage of the army. On a day of march 
he meets the baggage at the place appointed in the orders, 
and marflials it according to the rank of the brigade or re- 
giment each waggon belongs to, which is fometimes in one 
column, fometimes in two ; fometime3 after the artillery ; 
and fometimes the baggage of each column follows their re- 
fpe&ive column. 

Waggon •Way, the fame with Rail- Way ; which fee. 
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WALES, a large dillrift or portion of Great Britain, 
fituated at the north-weftern extremity of the ifland, and 
bounded on the north and weft by the Irifh fea, on the 
fouth and fouth-eaft by the Briftol channel, and limited on 
the eaft by the Englifh counties of Monmouth, Hereford, 
Salop, and Chefter. The length from north to fouth is, 
on an average, 150 miles ; and the width from call to weft 
65 miles* This area comprifcs about 8125 fquare miles, 
or 5,206,900 acres of land : of which, it appears, by the 
reports to the board of agriculture, 900,000 acres are 
arable, and 2,500,000 under pafturagc ; leaving 1,700,000 
acres in a ftate of wafte, of which 'joo^ooo acres are re* 
ported as capable of being brought into cultivation. Wales 
was formerly of greater extent, having for its boundaries 
the rivers Severn and Dee, as natural lines of demarca- 
tion. The ancient dimenfions were, however, at various 
periods, contrafted, by fevering from it portions of the 
feveral counties, fituated weft ward of thofe rivers ; and 
taking out of it the whole county of Monmouth. 1 he 
limits of the various diftrifts of Wales, with the above ex- 
ception, and their names, have been retained from a very 
remote period to the prefent time, independently of the mo- 
dern arrangement of them into (hires, as impofed by the 
Engliih government. The divifion made in the time 0 


Llewelyn ap Gruffydh, the lafl prince of North Wales, 
was into the three provinces of Aberfraw, Mathraval, and 
Dmevwr. In the diftributiou of thefe into cantrefs or 
hundreds, Aberfraw eomprifed fifteen, which were again 
fubdivided into thirty-eight comots, or fmaller diftrifts ; 
Mathraval, fourteen cantrefs, fubdivided into fourteen co- 
mots ; and Dinevwr, twenty-four, further divided into 
feventy-eight comots. Nearly fimilar to this, is the prefent 
civil divifion of the principality into twelve counties, fix in- 
cluded in North Wales ; viz. Anglcfea, Caernarvon, Den- 
bigh, Flint, Montgomery, and Merioneth ; and fix in South 
Wales, viz . Cardigan, Radnor, Brecknock, Glamorgan, 
Caermarthen, and Pembroke. The centurial divifions re- 
main nearly the fame as in Llewelyn’s time. The whole 
contains 58 market-towns, and 751 parifhes ; and according 
to the enumeration made under the population aft of 1811, 
the number of houfes amounted to 123,512, inhabited by 
61 1,788 perfons ; viz . 291,623 males, and 320,1 55 females: 
36,044 families were returned as employed in trade, manu- 
faftures, or handicraft; and 72,846 in agriculture : and 
the average fcale of mortality, according to regiftered 
burials, for a period of ten years, appears to have been in 
the proportion of 1 to 60 of the exilling population. For 
the adminiftration of jultice, Wales is divided into four cir- 
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cults, viz. the Chefter circuit, including the counties of 
Cheiler, Flint, Denbigh, and Montgomery : the northern 
circuit, for thofe of Anglefca, Caernarvon, and Merioneth : 
the fouth-eaftern, for thofe of Radnor, Brecknock, and 
Glamorgan: and the fouth-weftern, comprifing the thiee 
(hires of Cardigan,. Caermarthen, and Pembroke. By a 
ftatute, parted in the reign of Elizabeth, the king was em- 
powered to appoint two perfons learned in the* law to be 
judges in each of the Welfli circuits, which before had but 
one juftice. And by another ftatute of George; II., it was 
enafted, that where the kingdom of England is mentioned 
in any a& of parliament, the fame (hall be understood as 
comprehending the dominion of Wales, and the town of 
Berwick-upon-Tweed. Wales feuds twenty-four members 
to the Britifh fenate, one knight for each (hire, and one 
burgefs for each county-town, except that of Merioneth ; 
in lieu of which, two towns in Pembrokeftiire return a 
member each, viz . Pembroke and Haverford-weft. The 
eldeft fon of the kings of England has, ever lince the time 
of Edward I., been inverted with the title of prince of 
Wales : and feveral branches of the peerage derive their 
titles from various places in the principality. 

Ancient Hi/lory, Roman Stations , and Roads . — Cambria, 
the ancient name of this portion of the irtand, is deduced 
by hiftorians from the original inhabitants having been a 
tribe of the Celt#, or Gauls, known under the denomination 
of Cimbri , or Cymri ; and the Romans called the country in- 
habited by fuch people Cambria. Wales appears to have 
been the acknowledged name of this region in the poetry of 
a WeUh bard, fo early as the fixth century. The deriva- 
tion of the Britons from the Gauls, both Caefar and 
Tacitus deduce from the vicinity of the two countries, and 
the fimilarity of the manners and chara&er of the people : 
but a ftronger argument is found in the national appellation 
of Gael and Gaul, equally attached to both countries. It 
appears that the inhabitants of Wales were part of the 
aboriginal poffeffor6 of the ifland, whofe numbers muft have 
1>een greatly increafed by thofe Britons, who, retreating 
before the vi&orious Romans, fled to this diftrift, as a der- 
nier refort, to preferve their independence. After the in- 
vaders had fecured the central part of Britain, by forming 
flations, and appointing garrifons, and had given to it the 
name of Britannia Prima, they turned their attention to 
the reduftion of the unconquered country lying weft of the 
Severn. When Oftorius, the Roman general, furveyed 
this country, which he was fent with an army to fubdue, 
he found it poffeffed by three tribes of people, denominated 
from their refpe&ive diftrifts, Ordovices, Silures, and 
Dimetae. The Ordovices poffefied all the country com- 
prifed in the prefent North Wales : the Silures occupied 
the diftri£t now comprehended in the counties of Hereford, 
Radnor, Brecknock, Monmouth, and Glamorgan, and the 
fmali portion of Gloucefterfhire now weft of the Severn ; 
and had for their capital Caer-Gwent, in Moumouthfhire : 
the Dimeta were fituated weft of the Silures, and poffeffed 
the country at prefent including the counties of Cardigan, 
Pembroke, and Caermarthen. Such were the inhabitants 
of Wales, when the Romans firft entered it with an hoftile 
army. Refpe&ing the condition or ftate of thefe Britons, 
at the period in queftion, a great difference of opinion pre- 
vails among our hiftorians. Some, in defpite of unexcep- 
tionable authorities, treat thefe people as illiterate favages, 
deftitute of cloaths, dwellings, and arts : while others, fol- 
lowing the Britifh hiftory, deferibe them as a martial, 
learned, and flourifhing nation, poffeiling foreign trade, and 
at home ere&ing (lately edifices. Both thefe accounts are 
probably much exaggerated. The belt hiftorians ftate that 
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the Britorw had a religion remarkable for its numerous 
ceremonies ; they poffefied an eftablifhed government ; and 
had regular and well-difciplined troops, divided into cha- 
rioteers, cavalry, and infantry. With refpedt to any great 
naval power, though attempted to be proved by the learned 
Seldcn, well-founded obje&ions may be urged ; but as to 
fmaller veffels, Caefar bears ample teftimony to the ingenuity 
of their conftru&ion, and their great convenience : the 
facility with which thefe vehicles were made, and their 
peculiar portability, has occafioned a continuance of their 
ufe, and corracles ftill form the fifhing-boats employed on 
fome of the rivers of Wales. They had fufficient com for 
their fupport, and their paftures were abundantly (locked 
with cattle, fheep, and hogs. In their dealing with each 
other, for money they ufed rings, or fmali plates of iron 
itrung together, which paffed among them by weight, as 
well as tale : fuppofing they poffeffed no minted coins, this 
circumftance alone would be a fuflicient evidence of their 
civilization ; (ince it is deducible from hiftory, that no 
nation in a ftate of barbarifm ever adopted a circulating 
medium in buying and felling. From the earlieft periods, 
the Britons breathed a fpirit of genuine freedom, and always 
ftudied to procure and preferve their liberty. Stimulated 
by a noble ambition, never to be fatisfied but by vi&ory, 
nor extinguifhed but by death, they fought with a degree 
of bravery that aftonifhed the legionary troops ; and dif- 
puted fevery acre of ground with a tenacity and obftinacy 
that extorted from their conquerors the tribute of admira- 
tion. Suetonius Paulinua overcame the Ordovices, and ex- 
tirpated the remainder of the Druids, and their followers, 
who had fled to the ifland of Mona, or Anglefea. Not- 
withftanding this, the heroic Silures for years continued 
their ftruggle for liberty, till at length Julius Agricola was' 
fent with a powerful army by the emperor Vefpalian ; and 
having entirely defeated the Britons under their intrepid 
leader Cara&acus, in a decifive battle near Caer-Caradoc, 
on the borders of Salop, he completely reduced that part of 
the ifland to the Roman yoke. The affability of Agricola 
gained the affe&ions of the people, and difpofed them to 
imitate the Roman manners : he bellowed on them the 
privileges of citizens ; received them into his armies ; pro- 
vided for the education of their youth ; and lived amongft 
them in a ftyle of great hofpitality. Thus, fecuring by 
policy what he had gained by force, Cambria was dignified 
with the name of Britannia Secunda: and the conquerors, 
as they had previoufly done in Britannia Prima, began to 
eftablifli jurifdi&ions, and adopt meafures for the due admi- 
niftration of the laws. Towns were built, ftations appointed, 
and roads formed for communication between them. So 
fpeedily and fuccefsfully did they proceed in their fettlemcnt 
of this country, that in a few years Wales affumed all the 
appearance of a Roman colony. The following ftations 
were then formed. Caer Gybi , Holyhead, in Anglefea ; — 
Srgontium , Caer-Seiont, Caernarvon ; — Paris, Bodvary, in 
Flintfhire, near Denbigh ; — Caervwrle and Holt , alfo in 
Flintfhire, appear to be feites of ftations ; — Banchorium , 
Bangor-Ifcoed, on the banks of the Dee ; — Heriri Mons , 
placed by Stukeley near Bala, in Merionethfhire ; but, with 
greater probability, at Tommen-y-mur, near Fetliniog ; — 
Caer Gai , in the vicinity of the former place, feems alio to 
have been a ftation ; — Mediolanum , Meivod, or Myfod, in 
Montgomery (hire ; three other places in this county feem 
to lay claim to fuch honourable diftin&ion, viz. Penalet , 
near Machynlleth j Caer-Sws, in the vicinity of Newtown ; 
and the Goer, near Montgomery ; — Magna , Gale and Stuke- 
ley place at Old Radnor, but Horfley has removed it to 
Kenchefter, near Hereford \ — Lovcntium, Lanio ifa, in Car* 
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diganlhire ; — Advigefimum , mentioned only in the Itinerary 
of Richard of Cirencefter, is fuppofed by fome to have been 
iltuated at Caftel Fleming, and by others near Narberth, in 
Pembrokeftiire ; — Mcnapia , the port for Ireland, near the 
prefent St. David’s 5 — Mart dunum, Caermarthen ; — Llanvar 
ar y Bryn , in Caermarthenftiire, is evidently the fcite of a 
Ration ; — Leucarum, Louchar, or Lougher, in Glamorgan- 
ihire ; — Bomium , Boverton, near Ewtnny ; — Nidum , Neath ; 
—Tibia Amnis, Caerdiff ; — Gobannium , Abergavenny, in 
Monmouthfiiire 5 — Blejlium , Monmouth; — Burrium , Ufk ; 
—Ifca Silurum , the capital of the colony, and refidence of 
a praetor; — Venta Silurum , Caerwent ; — Ad Sabrinum , on 
the Severn, near the new or old paffage. 

Of the Roman Roads , though more diftind traces might 
be fuppofed to exift in Wales than in England, from their 
veftiges not having been equally liable to obliteration from 
cultivation 5 yet tor want of due inveftigation, few of them 
have been traced in a fatisfa&ory manner. — Via Julia Mari - 
tima , which received the name of Julia, from Julia Frontinus, 
who fuccefsfully conduced the Roman arms againft the 
Silures, is fuppofed to have conne&ed the Rations con- 
tained in the eleventh Iter of Richard of Cirenceller, 
This road was a continuation of the Akeman-ftrect from 
Aqua-Soli*, Bath ; and directing its courfe weft ward acrofs 
the Severn, paffed through Glamorgan (hire, Caermarthen- 
(hire, and Pembrokeftiire, to Ad Menapium, near St. 
Davids : few traces of this road have been difeovered. — 
Via Julia Montana was an upper road, forming a communi- 
cation from the more central parts of the ifland, by the 
Ryknild-ftreet, coming from Glevum, Glouccftcr, and paf- 
fing through part of Monmouthfhire, entered the county of 
Brecknock, proceeded over the mountains to Llanvair ar y 
Bryn, and thence along the vale to Caermarthen, where it 
coalefced with the maritime or lower road above mentioned, 
and both terminated at St. David’s. — Via Occidentals ap- 
pears to have extended along the weftern coaft of Wales, 
from Ad Menapium to Segontium, and formed conne&ing 
links between the intermediate Rations. — Via Devatia takes 
a dire&ion through the centre of the principality from the 
fouthern coaft about Nidus, Neath, to Deva, Chcfter.— ■ 
Via Orientals took a north-eafterly direction from Ifca 
Silurum, to Uriconium in Staffordftiire. — A branch of the 
Northern IVatling-Jlreet entered Wales at Cheiler, and incli- 
ning to the weft, paffed the Ration Varis, to Conovium, 
near Conway. — A branch of the Z iuthern IVatling-Jlrect , ex- 
tending from Uriconium to Segontium, enters Wales near 
the village of Llandrinio, and proceeding to Mediolanum, 
is there met by the Via Devana ; it afterwards joins the 
Via Occidentalis, and continues with it to Segontium. 
Numerous vicinal roads alfo traverfed the country from 
Ration to Ration, veftiges of which are traceable in various 
places. A road of communication branched off from the 
Via Occidentalis at Penallt, and proceeded eafterly to Caer 
Sws. Another road extended north-eafterly from Llanvair 
ar y Bryn towards the ftation on the river Ython, between 
which places it is difcoverable on the extenfive waftes in the 
vicinity of Llanrindod Welh. From Maridunum, a road 
leads to Loventium : the conftru&ion is evidently Roman, 
being formed of various ftratifications ; is about thirty feet 
wide, and edged with ftone. Another may be traced from 
Llanio, running eafterly by Llanvair mountain, and pafling 
through Caio, it goes to Llanvair ar y Bryn, thence to the 
Gaer near Brecknock, and fo to the grand ftation Glevum, 
Gloucefter. In feveral places, having the denomination of 
Sam, traces of vicinal roads are diftinguifhable ; and 
wherever this Britifh word occurs, it is probable a Ro- 
man road paffed near; as Talfarn, Penfarn, and Sarnau 
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in Cardigan (hire. Numerous villas, fudatories, aqueduAs, 
walls, milliaria, or mile-ftones, ilatues, votive altars, in- 
feribed Rones, teffellated pavements, urns, pottery, bricks, 
tiles, medals, coins, and various other remains, have been 
difeovered, which evidently point out the veftiges of Roman 
refidence, and by which the occupation of the country by 
the Romans may be clearly deduced* 

Civil Hiflory of Wales . — After domineering over Britain 
above four centuries, the Romans bade a final adieu to the 
ifland ; which was foon expofed to the inroads of numerous 
enemies. Affailed on the north by the Pi&s and Scots, it 
was equally infefted by the Irifh on the weft. The native 
ftrengtn of the country had been exhaufted by war ; the 
number of its inhabitants further diminifhed by famine and 
pcftilence ; and the navy was fallen into decay. Under 
thefe difad vantages, the people were alfo in want of that 
unanimity fo effential in times of emergency. They had 
recourfe to their ancient form of government, and eleCted 
for their governors certain reguli, or chieftains ; but thefe, 
inftead of combining to oppole the common enemy by well- 
concerted plans of co-operation, were principally occupied 
fa fecuring their feparate interefts. In this fad fituation, 
without union, order, or difeipline, and attacked on all Tides 
by inveterate foes, the Britons adopted the molt impolitic 
of all expedients for national fafety, — that of calling in the 
afiiftance of one barbarous nation to drive out another ; 
which fubje6led them to a new and heavier yoke. At this 
period, befides the many chieftains under whom the ifland 
was divided, a perfonal competition exifted between one 
who tyrannized over the reft and held the fovereign autho- 
rity, named Gwtheyrn, or (as called by mod Englifh 
writers) Vortigern, and a chief of Roman parentage, called 
Ambrofius, but by the Welfh, Emrys Wledig. During 
this conteft, Gwtheyrn, to repel the incurfions of the Scots 
and Pi&s, called in the afiiftance of the Saxons, an army of 
whom arrived under the command of Hengift and Horfa, 
defendants of Woden, the founder of their nation. The 
Saxon generals having driven back the enemy, and dif- 
eovered the pufillaniinity of the Britifh monarch, turned 
their attention towards eftabliftiing their troops, and fecur- 
ing to themfelves a portion of the territories they had de- 
fended : this plan, through the treachery or incapacity of 
Gwtheyrn, they were enabled to accomplifh. The enraged 
Britons depofed Gwtheyrn, and placed Emrys on the 
throne : he for a time prevailed againft the Saxons, but 
frefh troops arriving under the command of Ella, they be- 
came vi&orious, and extended their territory. On the 
death of Emrys, his brother Uther, commonly called, from 
his office, Pendragon, was elected to the fovereign dig- 
nity. The inteftine warfare was carried on with varied 
fuccefs between the Britons and Saxons ; but numerous 
hordes continually arriving from the north, the latter be- 
came formidable in feveral parts of the ifland. Arthur, the 
celebrated foil and fucceffor of Uther, for a feries of years 
conduced the war againft the invaders ; and in many def- 
perately-fought battles led on the Britons to decifive vic- 
tory. During the reigns of Uther and Arthur, the ancient 
Britons had attained the meridian of their glory ; but it was 
now drawing to a clofe : the death of Arthur decided the 
fate of Britain. Civil diffentions prevailed among the 
Britons, which were promoted by their crafty adverfaries. 
During thefe troubles, many of the people fubmitted to the 
Saxons and Scots ; others, to preferve their freedom, fled 
to Armorica, which, from the number of the refugees, ac- 
quired the name of Bretagne ; fome retired into the wilds 
of Devonftiire and Cornwall; fome took (belter in the 
mountainous parts of the north of England ; but by far the 
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greateft number found an afylum in the faftnefles of Wales, 
where they defended and preferved their independence long 
after the expiration of the Saxon dynafty. 

At the period when the Saxons had conquered the greater 
part of Britain, and made their approaches to the borders 
of Wales, this country appears to have been divided into fix 
principalities, over which Maelgwyn, king of North Wales, 
was invefted with the fovereign dignity, about the year 552. 
The conteft was continued under feveral fuccecding mo- 
narchs, till the death of Cadwallader, in the year 703, 
clofed the imperial dignity, which for many centuries had 
been annexed to the Bntifh government ; during which time 
the paramount princes chiefly refided at Diganwy, on the 
water of Conway, and at Caer Segont near Caernarvon. 
Roderic Moelwynoc nominally fucceeded to the fovereignty 
in 720 ; but by continual and unhappy divifions, the ftrength 
of the country was fo diminifhed, as to be unable fuccefafully 
to refill the incurfions of the Saxons. The Mercians, under 
king Offa, frequently laid wade the country, and at length 
wrefted a portion from the Wellh princes ; and to prevent 
the new occupants from the retaliating vengeance of the 
Wellh, Offa caufed that famous boundary to be made, from 
the mouth of the river Dee to the Wye, which Hill goes 
under the appellation of Clavvdd Offa, or Offa’s Dyke. 
By this the region was confiderably narrowed, and nearly 
reduced to its prefent limits. Though the Saxons made 
frequent inroads, yet they do not appear to have had any 
permanent footing in the country ; fo that though the pages 
of hiftory record many fanguinary confli&s between them 
and the Welfh, yet fcarcely any veftiges remain to mark the 
incurfions of the invaders. The Danes called off the atten- 
tion of the Saxons from Wales, which from this circum- 
ftance was left for many years in unufual tranquillity, and 
furnilhes but few fubje&s of hiftorical record during the 
Danilh dynafty. The Danes made fome incurfions on the 
coaft, but cffeded no permanent conqueft of the country. 
On the accelfion of William I. to the throne of England, 
the Wellh having refufed the annual tribute, which had 
been extorted from them as a mark of fubmiffion by king 
Edgar, the conqueror invaded their country with a power- 
ful army, quickly awed them into fubmiffion, and obliged 
them to do homage, and take an oath of fealty, as dne from 
vaffal8 to their fuperior lord. From this period the Englifh 
monarchs preferred a claim to Wales, as their heritable pro- 
perty. On the death of William, the Welfh, feeling the 
galling yoke of their humbled condition, attempted to re- 
cover their loft independence ; and joining in revolt with fome 
refradory Englifh barons, entered England, and by fire and 
fword carried their devaftation to the banks of the Severn. 
Thefe outrages determined William Rufus to attempt the 
fubjugation of the country 5 and for this purpofe he excited 
his barons to conquer, at their own charge, under homage 
and fealty to him, the territories of the Welfh. Thefe 
barons, who were denominated lords marchers, endeavoured 
to fecure their conquefts, by peopling them witli Englifh, 
and ereding ftrong fortreffes to defend them from the in- 
roads of the Welfh. Thus was the laft afylum of the Bri- 
tons broken into on every fide, and invefted by their 
enemieB. South Wales was fubdued; while North Wales, 
now greatly reduced, alone preferved the national charader, 
and fupported its independence ; and the inhabitants, aided 
by the valour of their princes, ftill upheld the ftruggle ; and 
acquiring vigour from union, didated by neceflity, not only 
revented the marchers from achieving further conquefts, 
ut rendered their exifting acquifitions of precarious tenure. 
For a long period the Wellh, favoured by the mountainous 
nature of the country, fupported an unequal but fpirited 
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conteft with their unjuft invaders. The death of David, 
who had fucceeded his unfortunate brother Llewelyn, in 
the reign of Edward I., clofed the only fovereignty that re- 
mained of the ancient Britilh empire. Edward having at 
length obtained the objed of his ambition, by the entire 
conqueft of Wales, annexed it to the crown of England. 
He did not, however, for fome time, enjoy a tranquil pof- 
feflion ; for three infurredlions broke out at one time in dif- 
ferent places. To fuch a height did thefe commotions ar- 
rive, that Edward was conftrained to condud the war in 
perfon, when he fhortly compelled the infurgents to lay 
down their arms, and make an unqualified fubmifiion. 
Thefe difturbances, the fubfequent revolt of fir Gryffydd 
Llwdd, and the rebellion of Owen Glendowr, were the laft 
efforts the Wellh made to recover their independence. 
From that period the concerns of the country, till the time 
of Henry VII., are little interefting; for the inhabitants 
were reduced to a Hate of the fevereft bondage. Henry VII., 
from the afliftance the Wellh had afforded him in obtaining 
the crown, was more favourably inclined towards them than 
preceding monarchs, and granted the principality confider- 
able immunities. Several ameliorating ftatutes were palled 
in the reign of Henry VIII., to exonerate them from the 
tyrannical oppreflions of the lords marchers ; and at length 
the people, awake to their true intereft, folicited the king 
to give his liberal defigns a more falutary effedt, by extend- 
ing to them all the privileges of the Englifh jurifprudence. 
The prayer of their petition was granted, and Wales was 
formally united and incorporated with England. 

Wales abounds with the remains of encampments, hill- 
fortreffes, caftles, and caftellated manfions: lpecimens of 
military archite&ure, therefore, in the diverfified flyles of 
different and did ant periods, conftitute fome of its mod pro- 
minent and interefting features. While the Romans gene- 
rally chofe for the feite of their camps, or forts, a riling 

g round near fome river, or a lingula formed by the con- 
uence of two ; the Britons fele&ed the moll lofty, in- 
flated, and inacceflible mountains, the fummits of which 
they fortified by excavating deep trenches in the folid rock, 
adding valla, by heaping up the loofe Hones dug out .of the 
foffe8 ; and in fucceeding times, by adding ftrong walls, and 
ere&ing mafly circular towers. The Normans introduced 
a new ftyle of military fortification ; and to fecure their un- 
juftifiable feizures, and proceed in their aggreffions, they 
ere&ed caftles, more formidable both in number and extent, 
fo that what are termed the marches of Wales confift of a 
feries of fortreffes from the mouth of the Dee to the em- 
bochure of the Wye. Flint, Denbigh, Montgomery, 
Powys, Brecknock, Caerphili, and Caerdiff, furnilh bold 
examples of the ftyle of thofe people. More were ere&ed 
by the Anglo-Normans, as they progreflively encroached on 
the country ; for, to fecure the conquered poffeffions from 
the retaliating vengeance of the expelled owners, they were 
neceffitated to repair and ftrengthen the fortreffes they took, 
or build others. Thus did thefe buildings fo far increafe, 
that Mr. Pennant enumerates 143 caftles in the principality; 
and that number is probably fhort of the a&ual amount. 
On the conqueft of Wales by Edward I., that monarch* 
who had been crufading in the holy land, and had there im- 
bibed a fpirit of eaftern magnificence, for the purpofe of 
overawing his new but refra6tory fubje&s, conftru&ed three 
caftles in a ftyle, which for ftrength and grandeur have never 
yet been furpaffed in this country. Harlech, Caernarvon, 
and Conway, remain the proud monuments of that monarch's 
age and times. 

Ancient Conjlttution , Government , and JLanvs . — From the 
accounts given by the Roman writers, a monarchical form 
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of government was prevalent among the early Britons. The 
ifland was divided into feveral petty fovereigntics, each fub- 
jeft to a feparate prince ; but in time of emergency and 
danger, they were united in one, under an officer, fimilar 
to a dictator among the Romans, called a pendragon. To 
him, by joint content, was committed the whole military 
government of the independent Hates. Nor was this dignity 
temporary, like the power ; for though the latter appears 
to have ceafed with the neceffity that demanded it, yet the 
former continued for I1F9, and was hereditary to the male 
heir. But the right of fucceffion to the feparate govern- 
ments does not feem to be ftri&ly indefeafible ; for, in fome 
inftances, the lineal fucceffion was violated by the rule of 
taniftry. By this the king’s fon, brother, or nephew, be- 
came the cuftomary inheritor of the crown ; the particular 
perfon being fele&ed by the reigning monarch, with the 
advice of his nobles. This fovereign eledt was denominated 
by the law the tanift, or fecond in dignity. The Britons 
were not unacquainted with that rational reftraint on mo- 
narchical defpotifm, parliamentary fuffrage ; for a decifive 
argument in faveur of the exiftence of Britifh parliaments 
is found in the preface or introdu&ion to the laws of the 
great Cambrian logiflator, Howel Dda. Six of the moft 
intelligent and powerful perfons were fummoned out of 
every cantreff, or hundred, to affift the king in the great 
work of legiflation. This parliament being affembled, pro- 
ceeded to examine the ancient laws, cancelled fome, reformed 
others, enacted new ones, and digefted all into one regular 
code of jurifprudence. This revifion they prefented to 
good king Howel, who having approved it, gave the rati- 
fying fen&ion of royal authority. Both the monarch and 
parliament then imprecated the power of the Hate and the 
wrath of heaven upon any perfons who fhould violate, or at- 
tempt to abrogate, any of thefe inftitutes, unlefs they fhould 
be conftitutionally annulled in a national council, fimilar to the 
one in which they had been recently decreed. From the 
circumflances of this revifion, many of thofe in the code of 
Howel Dda were pre-exiftent ftatutes, by which the early 
Britons had been regulated in previous times. From thefe 
it appears, that immediately below the fovereign ranked the 
Uchelwyrs, or great men holding their lands from the crown, 
and each prefidmg as lord over his particular domain. As 
immediate tenants of the king, they were obliged to per- 
form certain firvices. Inferior to thefe, and holding from 
them as feudatory lords, were the general mafa of the com- 
munity, being in a Hate of villainage, but divided into two 
daffes : fir ft, fuch as might retain or relinquifh their lands 
at diferetion, poffeffed the power of buying and felling, and 
whofe feignorial fervice was the leaft degrading of the menial 
kind ; the other, denominated Caeths, were confidered the 
property of the lord, attached to the foil, and faleable with 
the eftate. Thefe were bound to fervices the moft fervile, 
to build or repair houfes for the Uchelwyr, and perform all 
the drudgeries of hufbandry. Both were fubjeft, like the 
chiefs, to military attendance in time of war, and to contri- 
butions in money or kind. Such were the tenures of lands 
in Wales, prior to the introdu&ion of Englifh cuftoms, as 
appears by the laws of Howel Dda, not formed by him, 
but referable to previous inftitutes, aferibed to the early 
Britons. And as they were evidently feudal in their effence, 
and military in their defign, the opinion of antiquaries, who 
deduced the introduction of a fyftem of feuds into this ifland 
from the Normans, muft be erroneous ; for the laws in 
which it is found to have exifted in Wales were collefted 
into a digeft, in the early part of the tenth century. The 
moft prominent feature in the Howeliian code is the law of 
inheritance, denominated gavtl kind, by which the property 
Vo u XXXVII. 
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was divided among the fons 5 the females of every degree 
being excluded till the utter extinction of the males, among 
whom 4io diftinCtioo was made between the legitimate and 
the fpurious. While the Welfh preferved their independence, 
this law of defeent univerfally prevailed ; but on the con- 
queft of the country by king Edward I., he directed cer- 
tain commiffioners to inquire upon oath into all the former 
laws and ufeges of the principality ; and the firft law pro- 
mulgated by that monarch for the ufe of Wales was the 
celebrated ilatutc of Rhyddlan. By this he permitted the 
ancient Hem to continue, but lopped off two of its principal 
branches, viz. the admiffion of fpurious offspring to the in- 
heritance, and the preclufion of females. But m th?* 34th 
year of Henry VIII., the venerable trunk was for ever 
levelled with the ground, all the lands in Wales having been 
required “ to be holden as Englifh tenures to all intents.** 
Since which period the laws of England, with the exception 
of a few formal peculiarities, have continued to form the* 
jurifprudence of Wales. 

Eceltjiajl'ical Hijlory , Religion , Ef fc — The religion of the 
Britons, when Caefer firft vifited the ifland, was of a kind 
peculiar to them, and to the kindred tribes of Gaul. It 
abounded with Angular tenets, and the mode of worlhip 
comprifed numerous fuperftitious rites, the remaining vei- 
tiges of which form fome of the moft interefting antiquities 
in the country. Bardifm y or the Druidical fyftem as it is 
generally called, lias been varioufly reprefented ; and the 
term hardy given to the Welfh poets who were not of the 
Bardic order, has tended to increafe the confufion on the 
fubjeCt. What may be confidered as the foundation of the 
order was the principle of univerfal benevolence, fo that a 
bard was prohibited by his tenet6 from bearing arms ; and 
being recognifed as the herald of peace, he could pafs, when 
clad in his azure robe, unmolefted from one hoftile country 
to another. The bards were divided into three claffes, the 
bard brainty ovydd , and dtr*wydd. To the bards braint be- 
longed the perpetuation of the cuftoms and privileges of the 
fyftem, and of its moral and civil inftitutes ; the ovyddon, 
or ovates, particularly attended to the cultivation of the arts 
and fciences ; the derwyddon, or druids , were the priefts 
who officiated in religion : from which circumftance, and 
from the great influence they confequently obtained over 
fociety, this clafs was moft confpicuou 9 , and became the 
general denomination of the whole. 

Their origin, learning, religion, authority, revenues, de- 
cline, and extinction, have been fully detailed in this work 
under the article Druids. 

In the fixth century, the archiepifcopal feat of Wales was 
removed from Cacrleon to Menevia, which was fubfequently 
known by the appellation of St. David’s. At that time the 
archbifhop had under him three fuffragans, the bifhops of 
St. Afaph, Bangor, and Landaff. In the tenth century, 
St. David’s loft its archiepifcopal honours ; and in 1101, it 
became fubjeft to the metropolitan fee of Canterbury ; to 
which, on the fubjugation of the country by Edward I., 
the whole of Wales, as to ecclefiallical affairs, fubmitted $ 
and at the diffolution of monafteries, the Welfh having been 
fubjeCted to the Englifh laws, the clergy in Wales were 
brought under the feme regulations as tnofe in England. 
And from the clofe incorporation of the two countries, the 
hiftory of the church, after that time, is nearly fimilar in 
both. In W ales aVe many lefts of what are confidered regular 
Proteftant di {Tenters from the eftablifhed church, which had 
their rife in the reigns of James I. and Charles I., and more 
efpecially during tne protectorate of Oliver Cromwell. But 
the greateft number of feceders from the eftablifhed church 
are the different deferiptions of Methodifts, whofe places of 
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affembling, multiplied over the face of the country, receive 
the appellation of chapels. Of this increafing diffent, one 
reafon is afligned to be the generally illiterate ftate of the 
regular clergy : for mod of the livings in W ales ire fo 
fmall, and the ftipends of curates fo fcanty, that no induce- 
ment is held out for youth being properly indrufted for the 
minidry, and confequently the churches muft be ferved by 
incompetent miniilers. But this evil is likely foon to be 
remedied ; for by the zealous endeavours of the prefent 
worthy bifhop of St. David’s, two feminaries are inltituted 
for the education of youth deiigned for holy orders, who 
are provided with tutors. Mod places in Wales have the 
benefit of a free-fchool ; and in the year 1749, f° r the in- 
druftion of the children of the lower orders, 142 itinerant 
fchoolmaders were appointed by the fociety for promoting 
Chridian knowledge. Thofe among Protedant diffenters 
have been provided for in this refpeft by the pious bequed 
of Dr. Daniel Williams, many years the refpeftable pallor 
of a congregation in London, who left a large fum of money 
for edablifhing charity -fchools, where fuch inditutions were 
wanted ; by virtue of which the trudees have erefted many 
in the principality. 

The lovers of ecclejtajikaly monajlic , and fepulchral architec- 
ture , will find ample fcope for amufement and admiration, in 
the remains of religious edifices, both in an integral and di- 
lapidated date, did vifible in various parts of the princi- 
pality. 

Mountains , Lakes , Rivers , and Climate . — Wales exhibits 
all the features of a detached didrift from England, confid- 
ing of almod continued ranges of lofty mountains, and im- 
pending crags, interfefted by numerous deep ravines with 
extenfive valleys, and affording endlefs views of bold, wild, 
or romantic fcenery. To enumerate the mountains which are 
nominally known to the natives, and form very driking objefts 
to the traveller, would be fuperfluous ; but a general view 
of them, as they are grouped with multifarious ramifications, 
may be ufeful. The chains generally extend in a direftion 
from fouth-cad to north-wed, having their efcarpment, or 
mod abrupt declivity, on the latter bearing. Numerous 
projefting ridges laterally expand on various parts of the 
compafs, in countlefs ramifications, many of which are fur- 
mounted by lofty eminences, that are formed into fo many 
didinft mountains, fo that, like the Alps, they feem to be 
mountain piled upon mountain, and nills conglomerated 
upon hills. The principal range in North Wales is that 
denominated the Snowdonian chain, from the lofty moun- 
tain Snowdon occupying its centre. Commencing at 
Bardfey ifland, in the louth-wed extremity of Caernar- 
vonfhire, the line, varied at irregular intervals by conical 
peaks, extends in a north-eaderly direftion to the promon- 
tory of Penmaen-bach, in the bay of Conway. The inter- 
mediate parts confid of the loftied mountains in Wales. 
The Ferwyn chain occupies the eadern part of Merioneth- 
fliire, and branches out into Denbighfhire. Its length is 
about fixteen miles, and the breadth varies from five to ten : 
Cader Ferwyn, Cader Fronwen, and the Sylattin, are the 
rood elevated points. Another line branches off into Mont- 
gomery dure, and joins the Breddin chain, extending into 
Shropmire. Another chain, or rather a continuance of the 
fame, extends in a fouth-wed direftion from Pennant, near 
the vale of Tanad, in Montgomery (hire, to the fea-coad 
near Langyllinin in Merionethfhire. In this extenfive ridge 
are confpicuous feveral lofty mountains, known under the 
appellation of the Arrans and the Arrenigs 5 the mod emi- 
nent of which are Arran-ben-llyn and Arran-fowddy, and 
the extremity of the line is grandly marked by the triple 
head of the lofty Cadir Idris. The celebrated Plinlmmon 
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proudly elevates his cred above a range of table land, ex- 
tending from the vicinity of Llanvair m the north-ead, till 
they decline in the fouth-wed, and end in the abrupt cliffs, 
which bound part of the bay of Cardigan, near Aberyd- 
with. Among particular elevations in this line, after the 
fovereign of the group, the Carno mountains dand the mod 
pre-eminent. South Wales, though not equally mountainous 
with the northern part of the principality, nor fo diftin- 
guifhabie for its Alpine heights, is yet far from being de- 
ficient in elevations and depreilions. An extenfive chain of 
mountains dretches from Bleddva fored, north-ead of Lhan- 
drindod Wells, in Radnorfhire, erodes the northern part of 
Brecknock (hire, continues in a fouth-wederly direftion 
through Caermarthenfhire, and terminates in the confpicuous 
ridge of the Prefcely or Prefcelau mountain in the county 
of Pembroke. The Fothoc hills, on the eadern fide of 
Brecknockfhire, commence another line, principally known 
under the general appellation of the Black Mountains , from 
the appearance given to them by the dark vegetable covering 
of heath and ling. Among individual elevations, remark- 
able for their height, are Tre-beddw mountain, Pen Mallard 
hills, the black mountains driftly fo denominated, and the 
high table land which in the fouth part of Caermarthenfhire 
is elofed by the ifolated mountain, called Pembre hill. In 
this mountainous region, lakes are exceedingly abundant 5 an 
attempt to deferibe, or even to enumerate them, would be 
endlefs : Mr. Gough reckoned from fifty to fixty in Caer- 
narvonfhire only. The mod didinguifhed for extent, or the 
beauty of the furrounding fcenery, are, in North Wales, 
Lynian Nantle, Llyn Cywellin, Llynian Llanberris, and 
Llyn Conway, in Caernarvonihire ; with Pimble-meer, and 
Talyllyn, in Merionethfhire. In South Wales, Llyn Bych- 
lyn, in Radnorfhire, and Llyn Savathan, or Langor’s pool, 
in the county of Brecknock. 

Rivers — Wales, though a mountainous country, is equally 
remarkable with England for its numerous dreams, which 
iffuing from confiderable lakes, or aided by their waters, 
meander through the country, and form excellent harbours 
at their confluence with the fea. The principal rivers are 
the Severn, the Wye, and the Towy, in South Wales ; the 
Conwy, the Clwydd, and the Dee, in North Wales: thefe 
have not only attained pre-eminence in fame for the utility 
of their navigation ; but, by poets, have been celebrated in 
fong. The former conflitutes the eadern, and the latter 
the north-cadern boundary of the country, between the em- 
bochureB of which many others, though lefs didinguifhed in, 
a commercial point of view, arc highly valuable for their 
fifheries and other properties. Thefe, tracing their fources 
in the order in which they unite their waters with the 
ocean, are, in North Wales, the Ogwen, Sciont, Gwynedd, 
Drwydd, Avon, and Dovey ; in South Wales, the Rhei- 
diol, Yd with, Eiron, Tivy, Nevern, Gwyn, Cleddy, Itrog, 
Taf or Tave, Loughor, Tawy, Nedd, Avon, Tafor Taffe, 
Rhymny, and Ufk. A particular description of the mod 
confiderable, will be found under their refpeftive names. 

The climate of W ales differs materially from that of the 
portion of England, lying in the fame parallel of latitude ; 
and aflimilates more with the northern parts of the ifland. In 
a general view the air is (harp ; in the mountainous parts 
bleak ; moderately mild in the vales, and thofe parts adja* 
cent to the ocean, efpecially on the fouthern coad, and 
particularly in the celebrated vale of Glamorgan* From the 
greater degrees of cold prevalent in the Cambrian atmo- 
fpherc, fnow is more frequent in Wales than in England* 
lies much deeper, and is feen covering the tops of the higheft 
mountains, for many months in the year. The wet feafon 
in this country is not usually confined to the winter months ; 
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for rains are frequent at all times of the year. The gaged deep rocks, tending in the afcent more or left towards an 
quantity of rain which annually falls in England, according to acute or (lender pointed fummit, the loftieit mountains are 
the experiments of Dr. Hales, is about twenty-two inches ; centrically fituated in the chain, which commencing and ter- 
while the average that defcends in Wales may be eftimated minating in abrupt precipices, with the infulated peaks 
at thirty -four. From numerous observations refpe&ing this that interrupt the general outline, form a ftriking and dif- 
fused, the refult has uniformly been, that more falls on tindive charader. Secondary mountains, chiefly compofed 
the weftern than on the eaftern fide of the kingdom, and of fchiftofe fubftances, range next in the fcale, and are dif- 
moft in the mountainous diftrids ; confequently Wales mu it tinguiihable from the former by their inferior height, the 
participate largely in fuch an excefs of humidity. In the evennefs and fquarenefs of the individual links which corn- 
year 1802, the quantity of rain which fell in London was pofe the chain, and by the eafy waving though varied line 
fifteen inches, and in Brecon twenty -fix inches. Moift as of the general contour : inftancea of which are conspicuous 
the climate of Wales mud confequently be from this va- in the Ferwyn and Breddin mountains previoufly noticed, 
porous date of its atmofphere, yet the air is in general Derivative, or calcareous and filiceous hills, range 7 confider- 
highly falubrious, and the country healthy. Scarcely a ably lower than the fecondary or date mountains, ufually 
cemetery in the principality, but bears fome tedimony to rifing by a gradual afcent at one extremity, and terminating 
the longevity of the inhabitants, even to the protraded abruptly at the other. The lime-done hills frequently affume 
age of a century, and in fome indances even to a greater a pyramidical fhape, while the ridges of the fand rocks, and 
extent. banks, are broader and rounder than thofe of lime. Thcfe, 

Natural Productions and Minerals . — Few countries can vie however, often trap into each other, and then little diffimil^- 
vnth Wales in the multifarious variety of its produdions, rity is difcoverable in their form. The primitive mountains 
while none perhapB have been fo long and undefervedly neg- in mafs contain no metals ; copper is however found in fe- 
leded. Some animals, rarely to be met with, frequent the veral of the horn-done ftratified mountains, of which the 
wilds of this diverfified country. The goat is here found in its Parys mine, and thofe at Llanberis and Pont-Aberglaflyn, 
ferine date, and is far fuperior in fize, and in the length and are examples. In thefe mines, the ore is for the mod part 
finenefs of his hair, to that of mod other mountainous coun- yellow, fulphuret of copper, the green and blue malachites 
tries. Though this ufeful animal has been long domedicated, or carbonates of copper, are found in lime-done, as at 
yet many of the inhabitants of North Wales luffer the goats Ormes-head and Llanymynech hill, where copper is not pro- 
to run in a wild date, and bound from crag to crag. Thefe duced in any other date but that of carbonate, whicn is 
they are accudomed to kill during autumn for the fake of alfo found in the calcareous cement of fand rocks. The 
the fat and (kins : thus goat- (hooting and goat -hunting are drata generally mod produ&ive of the metallic ores are 
ftill pra&ifed by the people in Wales. Roebucks were an- lime-done ; and mod fpccies of whin-dones, or the argilla- 
ciently numerous, but are now confined to the mod intri- ccous mountain rocks, of which there are many varieties ap- 
cate parts of the country, and they are rarely to be feen. pearing in thick, thin, and mediate drata; lome of thefe 
Of the feathered tribes, many fpecics, not found in other rocks are moderately and others exceedingly hard. They 
parts of the ifiand, are to be met with here. The golden affume various colours, though principally one or other of 
eagle is an inhabitant of the Snowdonian mountains, which the numerous (hades of grey. Several rich and valuable 
thence are fuppofed to have derived their appellation of the mines are difeovered in granite or moor-done mountains. 
Eagle rocks. The peregrine falcon, fuppofed to be the Thefe three orders or claffes of rocks, with their concomitant 
bird which furniflied the amufement of falconry to our ancef- drata, are ufually interfered by mineral fiffures, and con- 
tors, and formed a fort of criterion for nobility, breeds abun- tain the larged quantity of mineral fubdances, and metallic 
dantly among the rocks of Llandidno, in Caernarvonfhire. ores. But of all claffified drata, in which the riched mine- 
The merlin, ufed in hawking, migrates from Wales to Eng- ral veins have been difeovered, the indurated argillaceous 
land generally in September. The water rail is found in mountain rocks are the mod prolific and extenlive. Many 
Anglefea, early in the fpring ; and immenfe flocks of of the mines in North Wales, nearly the whole of the nu- 
puffins vifit the ifland of PrieftnoW about the fame time, merous valuable lead mines in the county of Cardigan, and 
The guillemot, and the black-backed gull, frequent the mod of the mines in other parts of South Wales, are found 
WeKh coad during the winter. Among the numerous fi(h, in this kind of matrix or drata. The principal fubterra- 
which abound in the rivers of Wales, in addition to thofe neous fubdances produced in Wale6, may be divided into 
generally known in England, may be noticed the crooked three claffes, metalline, mineral, and lapideous ; and the 
perch found in Llyn Raithlyn, Merioneth (hire, and the de- places where they are dug receive the diftinCtive appellations 
formed trout, laid to be peculiar to a brook, called Syrcian, of mines, pits, or quarries. Silver is obtained in confidera- 
in Cardiganlhire: (thefe two fpeciesare deferibed by Dailies ble quantities, though not at prefent found in what may be 
Barrington, in a communication to the Royal Society exclufively denominated filver mines. Cwmfymlog mine in 
1767) : alfo the famlet is frequent in the upper part of the Cardigan (hire confifts of filver ore, lead ore, ana quartz ; 
Severn and the Wye ; the fewin, the red char, the filver which, from the rich produce of the more precious metal, 
char, and the gwiniad. Some of thefe, however, are not received the appellation of the Welfli Potofi. Daren vawr, 
exclufively peculiar to the principality, but are found in Daren yach, Goginan Cwra Evyn, and Mynydd bach, con- 
fome of the rivers of Scotland, and in the lakes of Weft- tain fimilar fubftances to thofe of Cwmfymlog, though not 
moreland and Cumberland. equally productive of filver. Llanvair is at prefent the 

The mineral productions of Wales form the moft inte- richelt mine worked in the principality ; comprising filver, 
reding part of the fubjeCt, and furailh an inexhauftible lead, quartz, fpar with a fmall portion of copper, and 
fource of profitable inveliigation to individuals, and of na- yields about one-fixth of lead ore. About fixty to eighty 
tional wealth. The mountains and hills may be feparated ounces of filver are extracted from a ton of ore, and twelve 
into three didinCt claffes, viz. primitive, fecondary, and de- hundred and a half weight of lead. Coffer, which was 
arivative, which in a general view may alfo be diftinguiftied known and appreciated by the Romans while in poffefikm 
by the peculiarities of their form, as well as their relative of Britain, is abundant through different parts of the ifiand, 
Situation. Primitive granite mountains confift of craggy but was not an objeCt of commercial invettigation till within 
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about two centuries paft ; nor in Wales to any confiderable 
purpofe tiH the middle of the laft. The copper works of 
the Romans lay for ages negle&ed ; and to the public and 
enterprifmg fpirit of Nicolas Bailey, the country owes the 
revival of refcarch for this valuable metal. Parys moun- 
tain in Anglefea coniids wholly of copper, either in a Hate 
of native copper, fulphate, black ore, or malachite : the 
matrix is a dark grey chertz, and the fuperitratum alumi- 
nous Hate. The copper ore found at Llanberris in Cacr- 
narvonihire, is of a very fuperior quality to that of Parys 
mountain, yielding from eight to ten fer cent . weight of 
metal. This ore fubfids in the primitive dratified rocks, 
and generally in a matrix of fchiftofe hornblende, or quartz. 
The fame mountainous ridge, confiding principally of whin 
and horn -done, divided by the immenfe chafin over which 
is thrown the bridge called Pont-aberglaflyn, contains an- 
other copper mine producing ore fimilar in quality to that 
of Llanberris ; and it is highly probable the whole of this 
diftrift is pregnant with copper. Efcair vraith mine in Car- 
diganfhire confids of copper ere, fpar, quartz, and a fub- 
dance, termed by the miners gozin, which forms an envelope 
to the quartz. Lead, for which this ifiand was always fa- 
mous, is found in a variety of places through Wales, but 
particularly in the counties of Flint, Caernarvon, Montgo- 
mery, Caermarthen, and Cardigan ; indeed the latter may be 
conudered as the mod extenfive and riched mining field in Bri- 
tain. A mineral traft dretches from Pen-yr-allt, or Bryndi- 
gri, in a line to the wedern borders of the parifh of Holywell 
ui Flintftiire, and is known under the name of Whiteford rake. 
The ores differ in quality ; the lamellated, or common kind, 
ufually named potter’s ore, yields from fourteen hundred to 
fixteen hundred and a quarter of lead, out % of twenty hun- 
dred of the ore : but the lad produce is rare. The veins are 
found either in chert or lime-done rocks, and fome of the bed 
or* has been dug at the depth of ninety yards. In this tra& 
feveral levels have been driven and fhafts funk, and lead con- 
tinues to be obtained in very confiderable quantities. Be- 
tween Gwydir and Capel Cerrig in Caernarvonshire, within 
an extenfive dip between lofty mountains, are very exten- 
five lead works. The furrounding rocks confid of (late, 
bituminous (hale, and trap or whin 5 the matrix of the ore 
is quartz, and calcareous ipar 5 they produce lead and cala- 
mine, mixed with iron ochre, and a Imall quantity of cop- 
per pyrites. Thefe different fubdances are fo blended, that 
in the fame fpecimen a variety of them may be found. But 
Cardiganfhire may be peculiarly denominated the region of 
lead mines, the whole country apparently having its rocks 
cemented together with veins of this metal. For a vaft ex- 
tent the land is excavated, and the furface covered with the 
opening of mines already worked, or the vediges of nume- 
rous otners that have fumifhed their fubterraneous treafures 
to remote generations. The principal lead mines in this 
county are Cwm-ydwyth, Llewerneg, Inys Cynvelin, Peny- 
banch, Bron-y-goch, Lbvyu wnwch, Grog wu ion, Gellan Erin, 
and Nant-y-Crier. The ore found in mod of the Cardigan- 
shire mines is nearly of a fimilar nature, confiding chiefly of 
lead, mixed with quartz and fpar, accompanied frequently 
with quantities of an ore of zinc, denominated by the mi- 
ners, from its d.irk appearance, black jack. This, which 
formerly was appropriated to the repair of the roads, has 
lately been difeovered to be a valuable article, conftituting 
an excellent flux for brafs ; and, mixed in due proportions 
with copper, ma k**s a hard metal, fimilar to the orichalcum 
of the ancient Romans. Iron, the mod ufeful, and through 
the wife didrib ut ion of Providence, the mod common of all 
metals, is plentifully difperfed over the Britifli ifles ; and 
Wales is not deficient in this particular. Yet, notwithlland- 
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ing the mountains of this country are full of iron-done, it 
was not till within about half a century, that the public at- 
tention was turned to this inexhaudible fource of internal 
wealth. Iron is mod abundant in South Wales, though 
evident marks* of its exidence may be traced in North 
Wales ; and it has lately been procured, and works ere&cd 
in the vicinity of Ruabon in Dcnbighfhire. The feveral 
fpecies of iron which have been difeovered are hematites, 
kidney ore, • or compaft brown iron -done ; grey ore, or 
black iron-done ; bog ore fwampy iron-done ; and a varict* 
of fulphurated and arfenical ores, which clafs under the ge- 
neral denomination of pyrites ; but the kidney and grey 
ores are the mod frequently found. The principal iron 
works arc Merthyr Tydvil, Aberdare, and Cyfartha, in 
Glamorgan (hire ; and the Union, Llanelly, Beaufort, and 
Hirwan, in Brecknockfhire. Coal is found in every county 
of Wales except Cardigan, Merioneth, and Caernarvon*. 
The coal fometimes underlays the calcareous drata, or, in 
the miner’s plirafe, has a lime-done roof ; but more fre- 
quently it is found on the northern or fouthern fide of a 
lime-done ridge ; and when a tradl of low land is included 
between two luch ridges, it may be inferred, that coal lies 
beneath. Two parallel lines of calcareous drata extend 
through South Wales in an eaderly direftion, from St. 
George’s Channel acrofs the whole country. Thefe are 
accompanied by two lines of coal. Upon the upper line, 
coal has been found at Johndon, Pi&on, Jeffredon, and 
Begeley, in Pembroke fhire. Thence keeping on the fouth- 
ern fide of the lime-done ridge, it croffes the Towy, form- 
ing the bar at the mouth of that river ; and palling through 
the upper part of Caermarthenfliire, Brecknockfhire, and 
Monrnoiithfhire, croffes the Severn to the collieries of 
Kmgfwood near Bridol. The different fpecies of coal iu 
Wales are the ncwcadle, the rock, the done, or fplent, 
the canned, or parrot, and the culm, or blind coal, denomi- 
nated in England Welfh coal, becaufe almod peculiarly the 
produce of Wales. Some varieties of the cannel coal arc 
fo fine and folid in the contexture, and fo fufceplible of a 
high polifh, as to be capable of being turned in the lathe, 
and formed into various utenfils, toys, and trinkets. The 
fchidofe mountains of Wales afford another fubdance, if 
not of equal importance, yet of general utility. Slatu , 
cudonanly called Cornifh tile, becaufe originally procurer] 
from Cornwall, conditute an elegant and ufeful roofing to 
houfes much cheaper than Je:H, for which it is latterly be- 
come a very common iubd'tute. Slate quarries are nume- 
roufly fcattered over the country, but the principal are 
thofe of the Rhcidioi near Aberydwith, Cardiganfhire ; 
Llangynnog, Montgomery lhire ; and the extenfive one6 in 
Snowddnia, Caernarvonfhire. Thofe of the former place 
produce fpecimen6 of the large and coarfed kind of date, 
which lie in compaA maffes, refembling flag-done, of a 
rough texture, but feparating eafily h 'o large plates. Llan- 
gynnog (late alfo divides into large pines, is not of quite fo 
coarfe a quality, and forms a very profitable building article. 
Thefe quarries, Mr. Pennant obferves, yielded from No- 
vember 1775 t ^ le ^ ame month in the following year 
904,000 flates, which were fold from fix to twenty {hillings 
per thoufand. The Snowdonian dates are generally of a very 
fine grain, a beautiful blue colour, and when quarried Se- 
parate into exceedingly thin laminae ; properties, which 
render them particularly eligible for hand fome roofing, and 
manufacturing into writing dates* So great have been the 
quantities of late years procured ‘from tnia diftridt, that a 
(mall infignificant creek has been dignified with the namfc of 
Port-Penhryn, from the export trade of this article only. 
On viewing the different apertures of the fchiftofe moun* 
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tains, a ftriking geological fa& will refult, correfpondent 
with the principle of uniform though unequal declivity. 
It is obfervable that the flates are always coarfcft in their 
texture on the northern or north-weftern Tides of the 
ridge, and lefs fo on the fouth and fouth-wellern Tides ; be- 
coming gradually finer as they approximate the lime-ftone 
hills. Wales affords numerous quarries of other valuable 
ftone6; viz* different kinds of marble fit for monuments, 
columns, chimney-pieces, and other ornamental fculpture ; 
Terpentine and other fpecies of horn-ftone ; chert or pctri- 
folex, and pure quartz, for the ufe of the potteries. Nor 
fhould that rare and curious fubftance be omitted, which 
furnifhes the afbeflus, indeftrudtible by Tire, found on the 
fhores of Anglefca. The mona marble, from the ifle of 
Anglefea, is now much ufed in chimney-picces and fancy 
furniture. ( See Marble, Britijh * ) The Britons, as already 
obferved, underflood the ufe of metals, and were further in- 
ftru&ed in the arts of mining by the intelligent Romans; 
but after the departure of the latter, felf-prefervation occu- 
pied the attention of the natives, and peaceful fcience funk 
under the devaftating hand of war. Yet their mines were 
not wholly negle&ed, for it was probably by means of this 
Tub terraneous wealth, that the Wel(h were enabled to fup- 
port againft the Englifh an unequal warfare for fo long a 
time. During centuries after the conqueft, in England 
the crown afTerted its exclulive right to all mines and mine- 
rals ; and no perfon could fearch for ore unlefs empowered 
by a royal grant, under conditions impofed at the diferetion 
of the monarch. Edward I., on his conqueft of Wales, ex- 
tended his mining authority over that country ; and it does 
not appear that the proprietor of the land, on which a mine 
waB opened, had any fhare in the profits, till the reign of 
Henry VI., when the duke of Bedford having obtained a 
leafe of all mines containing any gold or filver, a refervation 
was made of a twentieth part of the proceeds to the owner 
of the land. Queen Elizabeth, however, adopted a found 
policy : (he Tent over for Tome experienced Germans, and 
granted letters patent to them and their heir 9 for ever, to 
learch for and conduft the bufinefs of mines, through feve- 
ral fpecified Englifh counties, and the whole principality of 
Wales. The patentees divided part of their tenure into 
(hares for Tale ; and with the purchafers of fuch (hares, they 
were incorporated by the ftyle of the u governor, a(fi(Unt«, 
and commonalty of the mines roval.” But though the 
foundation was thus laid for the prefent fuccefs in mining, yet 
little of importance was effe&ed till the reign of Charles I. 
According to the teftimony of Schlutter, the lead 
mine3 in Flintfhire were not worked before the year 1698, 
when Dr. Wright and his afiociated adventurers eftablifhed 
a fmelting-houle at Halkin. The fubfequent extenfion of 
mining concerns was encouraged by the repeal of former 
rtftriSive ftatutes, and by the ena&ment in the fir ft year of 
William and Mary, that perfons having mines (hall enjoy 
the fame, although claimed as royal mines ; the king having 
the right of pre-emption in the ore at certain regulated 
prices. 

Agriculture Bridges , Roads > and Canals * Wales in a general 
view may be confidered a century, at leaft, behind England 
in its date of agriculture. The mode of ploughing, the 
courfe of crops, tne deficiency of manure, the want of drain- 
ing, and the rude implements of hulbandry, are ill calcu- 
lated for making a progrefs in agricultural amelioration. 
Many of the errors evidently arife From the ignorance, pre- 
judice, indolence, and poverty of the tenants ; but other 
caufes are attributable to the proprietors of eftates. One is, 
not granting proper leafes, the lands for the mo ft oar t being 
let from year to year : a ftill more injudicious cuftom is the 


335 

letting farms by auftion. But though this is the general 
ftate of agriculture, yet ftriking and honourable instances 
occur, in divers places, of more rational conduft. Many 
gentlemen are fetting the example of the mod improved 
pra&icc 5 and almoil in every county, afiociations of intel- 
ligent agricult uri (Is have been formed for the inlrodu&ion 
and encouragement of a better fyftem of hufbandry. From 
the nature, as well as number of the rivers in Wales, the 
erc&ion of bridges mull have excited, at an early period, 
the attention of the WeHh. Infurmountable barriers muft 
have been oppofed to the traveller, without the aid of what 
may be termed pendent bridges ; that is, fuch as are thrown 
from crag to crag, at a prodigious height above the water. 
Of this kind is the bridge, or rather two bridges, called 
Pont-ar-Mynach, near Hafod, in Cardigan (hire, forming a 
pafs over an awful yawning chafm, through which the river 
rolls its waters to the Rheidiol. Another, called Pont- 
aber-glas-lyn, forma a communication over a narrow defile 
in the mountainous ridge feparating the counties of Caer- 
narvon and Merioneth. Numerous bridges, of a Tingle arch, 
are fcattered over the country ; of this clafs is the celebrated 
Pont -y -Pry dd, croffing the boifterous Taffe in Glamorgan- 
fhire. Among thofe bridges compofed of more than one 
arch, the triangular-arched bridge over the river Dee at 
Llangollen, is curious for its mode of conftru&ion, and great 
antiquity : the bridge acrofs the Conwy, near Llanrwft, is 
an elegant ftrudture, and does honour to the (kill of its ar- 
chitect, Inigo Jones : the bridge of five archeB at Bangor- 
ifeoed, in Flintfhire, is a fine fpccimen of architecture. The 
town of Caermarthen is entered by a long ancient bridge ; 
but the ftupendous aqueduct, by which the continuation of 
the Ellefmere canal is carried over the Dee, at Pont CyfTyllte, 
between Llangollen and Chirk, in Denbighfhire, is the chef 
d'oeuvre of this fpecies of architecture ; and can only be 
exceeded in grandeur or utility, by the projected bridge over 
the Menai ftraits, by which it is propofed to form a land 
communication between the county of Caernarvon and the 
ifland of Anglcfea. Wales, though long famed for its 
bridges, was, till of late years, nearly a ftranger to good 
roads. Except the two great mail-roads, forming the com- 
munication with the north and fouth of Ireland, by the way of 
Milford and Holyhead, whence the packets fail for that 
country, fcarcely a road could be found, calculated for the 
patting of carriages. But to this effential point for profit 
and convenience, the land proprietors have recently direded 
their attention with the molt beneficial effeCts ; and tlie 
country may now be traverfed in almoft every diredion. 
Under the aufpices of that public-fpirited nobleman, the 
late lord Penrhyn, a grand road has been cut through the 
immenfe range of lofty mountains, denominated Snowdonia, 
by which an extenfive communication has been opened be- 
tween the internal parts of North Wales and the coaft ; and 
the great thoroughfare from London to Dublin by way of 
Holyhead dimini(hed in length, compared with the former 
one by way of Shrewfbury and Conway, twenty -five miles. 
Numerous roads have been widened, (hortened, and otherwife 
improved, by the addition of drains, arches, bridges, &c. 
to the great accommodation of travellers, and general be- 
nefit ox the inhabitants. Already has the country begun to 
experience the advantages by new communications having 
been opened for the produce^of the interior, in the reduction 
of the rate of carriage, and in the eafy accefs thu9 afforded 
for the conveyance of ponderous articles to the fea-coaft, or 
to the inter-communications with the navigable rivers by 
inland canals. 

Improvement by internal navigation was long negle&ed 
ip this country, though equally capable of fuch advantages 
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as England. In North Wales, the firft proje& which en- 
gaged the attention of the landed intereft, was the junction 
of the navigation on the rivers Severn and Dee, by opening 
an aquatic communication through the counties oi Denbigh 
and Flint, with various ramifications into the mining and 
manufacturing diftri&s in the adjacent counties. This is 
called the Euefmere canal, connected with which is the 
Montgomery canal. Thofe in South Wales are the Kid- 
welly, Cardiff and Merthyr Tydvil, Aberdare, Neath, 
Brecknock, and Swanfey canals. For a particular defcrip- 
tion of each, fee their refpe&ive names under the article 
Canal. 

Manufactures , till within thefe few years, were not very 
extenfively diffufed, nor could be confidercd of much ac- 
count in the general fcale of productive induflry. Wales, 
however, has for centuries been celebrated for its flannels, 
and may be confidered as {landing unrivalled in this ufeful 
article. The woollen fubftances manufactured are webs, 
flannels, {lockings, wigs, gloves, and focks. Webs are dif- 
tingui filed by the trade into two forts ; the flrong or high 
country clotn, and the fmall or low country cloth. Strong 
doth is made in Merionethfhire, and principally in the vi- 
cinity of Dolgelly and Machynlleth ; at the latter place is 
a manufactory upon a fmall fcale, a circumitance only 
worthy of notice, as forming the commencement of a change 
in preparing the wool, which will probably foon become 
general. The Itandard width of this cloth is feven -eighths of 
a yard ; the length of a piece, or what is emphatically ftyled 
a web, is about 200 yards ; the quality is of various degrees. 
Small cloth is the produce of Denbighfhire ; it is chiefly 
manufa&ured within the parilh of the Glynn, a large trad 
of country including Llangollen and Corwen. This article 
is about one-eighth of a yard narrower than ftrong cloth $ 
the length is the fame. Flannel conftitutes the moil im- 
portant of the Welfh manufadures: it is chiefly the pro- 
duce of Montgomery (hire ; but by no means confined to 
that county, being made in various places within a circle of 
about twenty miles round Welfhpool. A manufadory of 
note has been ellabliflied a confiderable time at Dolobran ; 
and two on a large fcale have been recently ereded nrar 
Llanydloes, where the various machines, ufed in the woollen 
trade by the Englifh, are applied to the purpofes of manual 
labour. The principal markets for webs and flannels are 
WeHhpool and Shrewfbury ; the quantity made is not 
cafily afeertained. Mr. Pennant, in his Snowdonia, pub- 
lifhed in 1781, mentions, that there were brought “ annually 
to Salop 700,000 yards of webs ; and to WeHhpool an- 
nually between 7 and 800,000 yards of flannel.” Stock- 
ings, wigs, focks, gloves, and other fmall knit articles, are fold 
chiefly at Bala, Merionethftiire, being made in that town 
and neighbourhood. Stockings, to the amount of from two 
to five hundred pounds worth, are fold each weekly market- 
day. Very confiderable manufadories of cottons and cot- 
ton twift have been eftablifhed in the counties of Flint and 
Denbigh, the principal of which are Northop, Greenfield, 
Sceiving, Newmarket, and Denbigh. In fome of thefe 
fadories cotton yarn is (pun of fo fine a texture, that 130 
hanks, each being 830 yards in length, make but a pound 
weight. Numerous manufadures of copper, iron, lead, tin- 
plates, &c. have alfo been recently fet up in various towns 
both in North and South Wales. Commerce may juilly be 
confidered at prefent in its infancy, being chiefly confined to 
the . coailing trade. Except Caernarvon and Swanfea, 
which have lately extended their views to Spain, Portugal, 
and the Weft Indies, few of the Welfh ports poffefs veffels 
of very confiderable tonnage ; though no part of the ifland 
contains a greater proportion of harbours and roads,, fome 
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of which are fafe and good, and more might foon he made 
fo, by the building of piers and other improvements, which 
are obvious at the refpedive places. 

Peculiar CuJloms % Superjlitions , &c. — Among' a variety of 
Welfh cuftoms, thofe in courtfiup, marriage, and at fune- 
rals, excite particular attention. Hymeneal negociations 
are frequently carried on by the Welfti peafantry in bed : 
the young fwain goes fometimes feveral miles to vifit the 
objed of his choice at her refidence ; the lovers retire to a 
bed-chamber, and between the blankets converfe on thofe 
fubjeds which the occafion fuggefts. This ufage is con- 
fined to the labouring claffes of the community ; and is 
fcarcely ever produdive of thofe improprieties which might 
naturally be expeded. Previous to the celebration of a 
wedding, a friend undertakes the office of a bidder ; who 
goes round the neighbourhood to invite all perfons of nearly 
the fame fituation of life as the contrading parties : in con- 
fequence, the friends and neighbours for a great extent 
make a point of attending the wedding, laden with prefents 
of money, butter, cheefe, and other provifions ; thefe are 
carefully recorded by the clerk of the wedding, oppofite to 
each refpedive name, and are to be repaid in the fame pub- 
lic manner, on fimilar occafions, whenever demanded. This 
cuilom is called pwrs a gwregys ; and making the pre- 
sents is termed paying pivyddion . As an ancient ufage, it 
is confidered as recoverable by law ; but a fenfe of the re- 
ciprocal duty generally prevents litigation. Funerals in 
Wales arc attended by greater crowds of people than even 
their weddings. When the proceflion fets out, every perfon 
kneels, and the minifter repeats the Lord's prayer. At 
every crofs-way, the fame ceremony is repeated, till they ar- 
rive at the church ; the intervals of time being filled up by 
finging pfalms and hymns. A remarkable cuilom prevails, 
in lome parts of Wales, of planting the graves of departed 
friends with various evergreens and flowers. Box -thrift, and 
other plants fit for edging, are planted round in the fliape 
of the grave for a border, and the flowers are placed within, 
fo that the talle of the living may be known by the manner 
of embellifhing thefe manfions of the dead. The fnow-drop, 
violet, and primrofe, denote the infant dull ; the rocket, 
rofe, and woodbine, fhew maturer years ; while tanfey, rue, 
and ftar-wort, mark declining life. Each has its little ever- 
green, fond emblem of that perennial ftate where change is 
known no more. It has been obferved, that mountainous 
fcencry is peculiarly friendly to thofe aerial and imaginary 
exiftences which conflitute the objefts of fuperllition. This 
is exemplified in Wales. The belief of witchcraft is flill 
ftrong, and many are the fatal effe£U fuppofed to be pro- 
duced by fupernatural agents : at every houfe may be feen a 
horfc-ftioc, a crofs, or fome charm of defence. Many old 
women, on account of their age, and perhaps deformity, 
bear the odium of preventing the cows from yielding milk, 
and of infli&ing diforders on men and cattle. The fup- 
pofed witches find it their intereft to deny nothing that is 
alleged to them ; and thus become held in fuperftitious fear 
by the people, and obtain a livelihood from their imagined 
extent of power. The belief of thofe elvine beings called 
fairies appears to have been ancient and general, and is not 
yet wholly eradicated. In fome degree connected with 
fairies, is another fpecies of fuppofed aerial beings, called 
knockers : thefe, the Welfti miners fay, are not to be feen, 
but are heard under ground, in or near mines, and by their 
noifes, which represent the different ftages in the progrefs of 
mining, generally point out to the workmen a rich vein of 
ore. An opinion is prevalent within the diocefe of St. 
David’s, that previous to the death of a perfon, a light ia 
fometimes feen to proceed from the houfe, and purfue its 
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way to the church, precifely in the track that the funeral 
will afterwards follow. This is traditionally attributed to 
the fpecial prayer of St. David, that no one in his diocefe 
fhould die without this intimation of departure, which is 
called Canwyll corph , or the corpfe candle. 

Language^ — The Welfh language has an undeniable 
claim to very high antiquity, as a dialeft of the Hebrew, 
fpoken by tne aefeendants of Japhet : in its formation, as 
well as grammatical conftru&ion, it has a near refemblance 
to the original tongue ; and is, perhaps, without exception, 
the moft primiti\e and uncorrupt living language in the 
weflern world. It abounds with original words, more 
efpecially technical terms, which other languages borrow 
from the Greek, or exprefs by circumlocution, and is faid 
to be peculiarly fitted for poetry. The orthoepy of the 
Welfh is very different from that of the Englifh. In the 
language of Cambria are forty -three letters; fix teen of 
which are radicals, txpreffivc of the primary founds ; and 
the reft may be coufidered as ferviles, becaufc ufed as in- 
flexions or mutations of the former ; for each of thefe there 
is an appropriate charafter. But the language is gradually 
getting into difufe, efpecially in the fouthern part of the prin- 
cipality. The gentry of the country arc principally edu- 
cated in England, and confcquently few of them fpeak it, 
and many wi(h for its extermination. The example of the 
higher claflfo extends, and ere long the language and man- 
ners of Cambria may coalefce with thofe ot the inhabitants 
to the eaft of the Severn. See grammar attached to Owen's 
Dictionary of (lie Welfh Language, which contains an 
ample critical differtation, 8 c c. 2 vols. 4to. 1803. 

Poetry was in high eftimation among the ancient Britons : 
Wales, as their place of refuge, was early the feat of the 
poetic mufe, and modern cffufiona of original genius evince 
that fhe has not deferted her favourite mountains. In no 
nation, except the Hebrew, was genealogy confidercd of fo 
much importance, or carried to an equal extent, as in 
Wales. Family diftin&ion is purfued fo far, that perhaps it 
induces the Cambrian to think more highly of himfelf 
than is rational. Pride of anceitry was a delicate and ef- 
feudal point among the ancient Britons, and confequently 
they were more defirous of noble than of rich connedions. 
So deeply was this principle rooted, that even the loweft 
claffes of the people carefully preferved the defeents of their 
families, and were in general able from memory not only to 
recite the names of their proximate progenitors, but to trace 
their various relations back through numerous generations. 

Whoever reads the hiftory of the moft ancient inhabitants 
of this ifland, the Cambro Britons, will find innumerable 
inftances of the reverence which they paid to their poet- 
muficians, the bards, both of Pagan and Chriftian times ; 
and fongs of very high antiquity have been preferved in the 
Welfh language, though not all the tunes to which they 
were fung. The harp, with which thefe fongs ufed to be 
accompanied, was in iuch general favour in Wales, as to be 


regarded among the polfeffions neceffary to conftitute a 
gentleman. (Leges Wallicae.) The moft ancient Welfh 
poetry that is now intelligible was written about the year 
1 100, and fome of the tunes that are preferved in the late 
Mr. Morris's MS., which were transcribed from the mufic- 
book of William Penllin, the harper in queen Elizabeth's 
time, are fuppofed by Dr. Davies (In rraef. ad Gram. 
Brit.) to be coeval with the verfes to which they were 
fung, when he compofcd his grammar and catalogue of 
ancient Carabro-Britim fongs. Unluckily the notation, or 
tablature, in which thefe tunes have been written, is fo un- 
common and difficult to reduce to modern chara&ers, that 
though the gravity or acutenefs of the feveral notes can be 
afeertained, yet their lengths, or duration, cannot be efta- 
blifhed with any degree of certainty, by any rule which we 
have been yet able to devife. 

The northern annals abound with pompous accounts of 
the honours conferred on muTic by princes who were them*, 
felves proficients in the art, and the Cambro-Britiffi inftitutes, 
with laws and privileges in favour of its profeffors. As 
the firft mufician, or bard, was the eighth officer in dignity, 
at the court of the Welfh kings, and had a place in the 
royal hall next to the Reward of the houfhold, fo the re- 
fpeft and dignity with which bards in general were treated 
about this time, in all the courts of Europe, were equal to 
thofe which Homer tells us their predeceflbrs Demodocus 
and Phemius enjoyed in Greece. Mufic was now a regal 
accomplifhment, as we find by all the ancient metrical ro- 
mances and heroic narrations in the new-formed languages 
of the times ; and to fing to the harp was neceffary to a 
per fed prince and complete hero. 

The firft Greek muficians were gods ; the fecond heroes ; 
the third bards; the fourth beggars! During the early 
times of mufic, in every country, the wonder and affe&ions 
of the people have been gained by Jurprize; but when 
muficians became numerous, and the art was regarded of 
eafier acquirement, they loft their favour, and from being 
feated at the tables ot kings, and helped to the firft cut, 
they were reduced to the moft abje& ftate, and ranked 
among rogues and vagabonds. 

For more particular accounts of different parts of Wales, 
the reader is referred to the names of the twelve counties : 
viz . Anglesea, Brecknockshire, Caernarvonshire, 
Caermartiienshire, Cardiganshire, Denbighshire, 
Flintshire, Glamorganshire, Merionethshire, 
Montgqmeryshire, Pembrokeshire, and Radnorshire. 
— Hoare's Giraldus Cambrenfis, 2 vols. 4to. 1 806. Beauties 
of England and Wales, vol. xvii., North Wales, by Rev. J. 
Evans, 1812. Ditto, vol. xviii., by Rev. T. Rees, 181J. 
Warrington's Hiftory of Wales, 2 vols. 8vo. 1788. Malkin's 
Scenery and Antiquities of South Wales, 2 vols. 8vo. 1807. 
Aikin's Journal of a Tour through North Wales, izmo. 
1797. Evans’s Tour through North Wales, 8vo. 1802. 
Ditto through South Wales, 8vo, 1804. 
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Machines actuated by the Force of Currents or Streams of 
Water . — Thefe are very numerous, but all may be reduced 
to two kinds, 

Fir ft, thofe which are adapted to receive the impulfe of 
moving water ; that is, water which has been put in motion 
in conlequence of a defcent towards the earth previoufly to 
its operating on the machine, which mult be provided with 
parts proper to refill and take away fome of the motion of 
iuch water, and it will thereby receive motion which may be 
applied to produce fome mechanical effeft. Of this kind are 
under {hot and horizontal water-wheels. 

Secondly, thofe machines which are provided with fome 
kinds of buckets or veflels to contain water, the weight of 
which buckets, and the water they contain, is fupported by 
the machine, fo that the water cannot defeend towards the 
earth in confequence of its gravitation, without giving mo- 
tion to the buckets or veflels which contain and fupport it* 
Of this kind is the over-fliot water-wheel, breaft-wheel, 
chain of buckets, and preffure-engine. 

In either cafe, the motive force or power is the fame ; 
viz. the gravitation and motion of fuch bodies or maffes of 
water as are found more elevated above the furface of the 
earth than the general level of the fea, or of fome other 
water in its neighbourhood ; fuch water will defeend by the 
force of gravity until it joins the fea, or until it is fupported 
or held up by fome fixed obftacle. 

The difference between the two kinds of machines is, that 
in the firft cafe the water is fuffered to defeend before it 
operates upon the machine, and in confequence of its gra- 
vitation, acquires motion with a velocity proportioned to 
the fpace through which it has defeended ; and the office 


of the machine is to take from the moving water as much 
of its compounded weight and motion, or power, as it can 
obtain. 

In the other cafe, the machine receives its motion and 
power at the fame time, when the water acquires it, by de- 
fending ; or, in other words, the machine moves with the 
water. 

The word power , as ufed in praftical mechanics, fignifies 
the exertion of ftrength, gravitation, impulfe, or preffure, 
lo as to produce motion ; and a machine aftuated by means 
of ftrength, gravitation, impulfe, or preffure, compounded 
with motion, is capable of producing an effeft : and no 
effeft is properly mechanical but what requires fuch a kind 
of power to produce it. 

The mufcular power of animals, as like wife preffure, im- 
pad, gravity, elcftricity, &c. are looked upon as forces, 
or fources of motion j for it is an incontrovertible fadl that 
bodies expofed to the free aftion of either of thefe are put 
in motion, or have the ftate of their motion changed. All 
forces, however various, can be meafured by the ettefts they 
produce in like circumftances ; whether the effefts be 
creating, accelerating, retarding, or deflefting motions : 
the effeft of fome general and commonly obferved force is 
taken as unity. 

The moft proper meafure of power is the aft of railing 
fome weight with fome velocity of motion ; that is, the 
overcoming of the gravitating force of a weight in fuch de- 
gree as to produce motion in oppofition to gravity* In 
confidering the quantum, the weight or maU of matter 
operated upon muft be one quantity, and the velocity of the 
motion communicated is the other \ the mechanical power is 
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the compound of both. We can only meafure the weight 
of any body or mafs of matter by its relation to fome other 
weight with which we are acquainted ; hence we fay, the 
weight is equal to fo many pounds, or fo many cubic feet of 
water. In like manner, we meafure the velocity or intenfity 
of the motion, by ftating the height or perpendicular dis- 
tance from the earth, (meafured by relation to fome known 
diftance, as a foot or a yard,) through which height the 
weight is railed in fome known fpace of time, a6 a fecond or 
a minute. 

For inftance, 528 cubic feet of water is a known weight 
or mafs of water : let a machine operate upon this, and raife 
it upwards, through the fpace of one foot in the time of 
one minute ; then 528 x 1 X 1 = 528 is the number 
which reprefents the power which the machine exerts. Sup- 
pofe another machine to operate on. 132 cubic feet of water, 
and raife it four feet in one minute, then ufing the fame 
meafures to determine the quantities of weight, height, and 
time, we fay 132 x 4 X 1 = 528 ; hence thefe two ma- 
chines are equal in the power which they exert ; for in all 
cafes the weight raifed is to be multiplied by the height to 
which it can be raifed in a given time, and the produft is the 
meafure of the power expended in raifing it ; confequently, 
all thofe powers are equal whofe produdts made, by fueh 
multiplication, are equal ; for example, take* two powers, 
if one can in any given time raife twice the weight to the 
fame height, or the fame weight to twice the height, in the 
fame time that the other power can, the firft power is 
double the fecond ; or, if one power can raife half the 
weight to double the height, or double the weight to half 
the height, in the fame time that another can, thofe two 
powers are equal : but note, all this is to be underftood 
only in cafes of flow or equable motion of the body raifed, 
for in quick, accelerated, or retarded motions, the vis iner- 
tia of the matter moved will make a variation. 

The machines a&uated by the impulfe of flowing water 
are, the underfhot water-wheel, horizontal wheels, and Dr. 
Barker’s mill. It is a common expMTion to call all wheels 
in which the water runs or fhoots under the wheel, under- 
fhot ; but in this place we (hall only fpcak of 

Underfoot Water-Wheels , afting by the Impulfe of flowing 
Water . — Thefe are the mod ancient and original forms 
of water-machines, although if they had been invented from 
the refult of reafoning, fuch as w* have given, they would 
have been the laft, becaufe their manner of a&ion is lefa 
obvious ; but this was not the cafe. The firft machines 
were wheels placed in a river or running dream, and pro- 
vided with vanes or wings on the circumference, called 
floats; the floats at the lower part of the wheel, dipped into 
the dream to intercept the water. When the plane of the 
floats became perpendicular to the dirc&ion of the current, 
or nearly fo, they would refid or oppofe the motion of the 
water, and the wheel would obtain motion from it in pro- 
portion to the quantity of motion, its floats abdradted from 
the water of the dream. The power thus obtained would be 
found to be only a fmall proportion of the power of the 
ftream, becaufe the water would eafily efcape Tideways from 
the floats, particularly if it were attempted to take away any 
confiderable (hare of the velocity of the water, by redding 
or loading the wheel, fo as to make it move (lowly. Hence 
it became an obvious improvement to con trad the river to 
the exa& fize of the float-boards of the wheel, or to make 
a clofe channel in which the wheel cxadly fits. The next im- 
provement would be to intercept the river or dream of 
water by a dam, or obdacle, in order to make it pen up, or 
accumulate, till it had rifen to the greated height which 
could be obtained, and to let the water out of tne dam or 


refervoir into the channel or wheel-courfe, through a verti- 
cal aperture or door, level with the bottom of the wheel- 
courfe ; in this way, the water would be urged by the pref- 
fure of the water in the dam, and would rufli out from the 
aperture in a dream or fpout, with a velocity proportioned 
to the perpendicular preffure, and would ftrike the float- 
boards of the wheel fo as to urge them forwards. Such is 
the form of the underfhot wheels dill generally employed in 
France and on the continent ; but in England they have 
been long fuperfeded by more effe&ual applications of the 
power of the water, and it is very rarely we meet with 
an underfhot wheel a&ing by the impulfe of the water. 
They are called ground-fhot wheels, becaufe the water runs 
or fhoots along the ground or floor of the channels in which 
the wheels work. 

It was fird proved by Mr. Smeaton, in 1754, that 
only a portion of the power of any fall of water could be 
obtained by means of an underfhot wheel ; for M. Beli- 
dor had not long before dated the underfhot wheel as the 
bed mode of applying a fall of water. It was one of the 
continual occupations of Mr. Smeaton, during forty years, 
to improve the old water-mills, by fubdituting bread-wheels 
for underfhot ; and the advantages were uniformly fo great, 
that thefe mills were copied by others, until fcarcely any of 
the original conftru&ion remained. We do not mean that 
Mr. Smeaton invented the bread-wheel, for it is deferibed by 
Leopold ; but he firft inveftigated its comparative ad- 
vantages. 

It is from this circumftance that we find, in all the mecha- 
nical writings of foreign authors, much more mathematical 
inveftigation relative to the underfhot water-wheels than the 
importance of the fubjeft deferves, and we (hall difmifs it 
more briefly. 

The excellent paper by Mr. Smeaton, in the Philofophi- 
cal Tranfa&ions for 1759, contains a numerous lift of expe- 
riments moft judicioufly contrived by him, and executed 
with the accuracy and attention to the moft important cir- 
cumftances which are to be obferved in all that gentleman’s 
performances. 

Mr. Smeaton’s rules were originally deduced from expe- 
riments made on working models, which are the belt means 
of obtaining the outlines in mechanical enquiries ; but in 
every cafe it is neceffary to diftinguifh the circumftances in 
which a model differs from a machine at large, otherwife a 
model is more apt to lead from truth than towards it ; and 
we mull not, without great caution, transfer the refults of 
fuch experiments to large works. But we may fafely trans- 
fer the laws of variation, which refult from a variation of 
circumftances, although we muft not adopt the abfolute 
quantities of the variations themfelves. Mr. Smeaton was 
fully aware of the limitations to which conclufions drawn 
from experiments on models are fubjeft, and has made the 
applications with his ufual fagacity. The beft ftru&ure of 
machines cannot be fully afeertained but by making trials 
with them, when made of their proper fize. 

Mr. Smeaton’s Principles for Underfoot Wheels . — III com- 
paring the effeft produced by water-wheels with the powers 
producing them ; or, in other words, to know what part of 
the original power is nect ffarilyloft in the application, we muft 
previoufly know how much of the power is lpent in overcom- 
ing the trillion of the machinery, and the refiftance of the 
air ; alfo, what is the real velocity of the water at the in- 
ftant it ftrikes the wheel ; and the real quantity of water 
expended in a given time. 

The velocity Mr. Smeaton meafured in a moft fatisfaftory 
manner in every experiment, by applying a cord and weight 
to the axle of the wheel, not to wmd up the weight by the 
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motion of the wheel, but that the weight by defcending 
fhould turn the wheel. He applied fo much weight as would 
make the wheel turn, and make its floats move with the ve- 
locity which he deiired or expected the effluent water to 
have ; and this weight he adjufted until he found, by re- 
peated trials, that the wheel moved juft, at the fame rate, 
whether the water was fuffered to flow and ftrike its floats, or 
whether the water was flopped, which proved that the floats 
of the wheel moved with precifely the fame velocity as the 
effluent water ; then by meafuring the circumference of the 
wheel, and counting the number of turns it made in a mi- 
nute, he obtained the meafure of the velocity. 

From the velocity of the water at the inftant that it 
ftrikes the wheel, tne height of head produdtive of fuch 
velocity can be deduced from acknowledged and experi- 
mented principles of hydroftatics ; fo that by multiplying 
the quantity or weight of water really expended in a given 
time by the height of a head fo obtained, which muft be 
confidered as the effective height from which that weight of 
water had defcended in that given time, we fhall have a pro- 
dud! equal to the original power of the water, and clear of 
all uncertainty that would arife from the fridtion of the water 
in palling fmall apertures, and from all doubts arifing from 
the different mealure of fpouting waters, afligned by dif- 
ferent authors. 

On the other hand, the fum of the weights raifed by the 
adtion of this water, and of the weight required to over- 
come the fridtion and rcfiftance of the machine, multiplied 
by the height to which the weight can be raifed in the time 
given, the produdt will be equal to the effedt of that 
power ; and the proportion of the two produdts will be the 
proportion of the power to the effedt : fo that by loading 
the wheel with different weights fucceflively, we fhall be 
able to determine at what particular load and velocity of the 
wheel the effedt is a maximum. 

From experiments condudted in this manner, Mr. Smea- 
ton fettled the following maxims : 

Maxim I . That the virtual or effedtive head of water, and 
confequently its effluent velocity being the fame, the mechani- 
cal effedt produced by a wheel adtuated by this water will 
be nearly in proportion to the quantity of water expended. 

Note . The virtual or effedtive head of any water which is 
moving with a certain velocity, is that height from which a 
heavy body muft fall in order to acquire the fame velocity. 

The height of the virtual head, therefore, may be eafily 
determined from the velocity of the water ; for the heights 
are as the fquarc of the velocities ; and the velocities, con- 
fequently, as the fquare roots of the heights. Mr. Smea- 
ton obfervedthe velocity of the effluent water in all his ex- 
periments, and thence calculated the virtual head ; he dates 
that the virtual head bears no proportion to the real head or 
depth of water ; but that when either the aperture is 
greater, or when the velocity of the water iffuing therefrom 
lefs, they approach nearer to a coincidence ; and confequently, 
in the large openings of mills and fluices, where great quan- 
tities of water are difeharged from moderate neads, the 
adtual head of water, and the virtual head, as determined by 
theory from the velocity, will nearly agree. 

For example of the application of his firft maxim, Sup- 
pofe a mill driven by a fall of water, whofe virtual head is 
5 feet, and which difeharged 550 cubic feet of water per 
minute ; and that it is capable of grinding four bufhels of 
wheat in an hour. Now another mill, having the fame vir- 
tual head, but which difeharges 1100 cubic feet of water 
per minute, will grind eight bufhels of corn in an hour. 

Maxim 2. That the expence of water being the fame, the 
fffedt produced by an underfhot wheel will be nearly in pro- 
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portion to the height of the virtual or effective head* This 
is proved in the preceding example. 

Maxim 3. That the quantity of water expended being the 
fame, the effedt will be nearly as the fquare of the velocity 
of the water ; that is, if a mill driven by a certain quantity 
of water, moving with the velocity of 1 8 feet per fecond, 
is capable of grinding 4 bufhels of corn in an hour, another 
mill, driven by the fame quantity of water, but moving 
with the velocity of 22^ feet per fecond, will grind nearly 
7 bufhels of corn in an hour ; becaufe the fquare of 18 is 
324, and the fquare of 22A is 506J. Now fay, as 324 
is to 4 bufhels, fo is $oo{ to 6^ bufhels ; that is, as 4 
to 6 g-. 

Maxim 4. The aperture through which the water iffues 
being the fame, the effedt will be nearly as the cube of the 
velocity of the water iffuing ; that is, if a mill driven by 
water rufhing through a certain aperture with the velocity 
of 1 8 feet per fecond will grind 4 bufhels of corn in an 
hour, another mill, driven by water moving through the 
fame aperture, but with the velocity of 2i\ feet per fecond, 
will grind 51 bufhels ; for the cube of 18 is 5832, and the 
cube of 22^ is 11390J; then, as 5832 is to 4, fo is 
1 1 390* to 7J. 

Maxim 5. The proportions between the power of the water 
expended, and the effedt produced by the wheel, was 3 to 1. 
U pon comparing feveral experiments, Mr. Smeaton fixed the 
proportions between them for large works ; that is, if 
the weight of the water which is expended in any given 
time be multiplied by the height of the fall, and if the 
weight raifed be alfo multiplied by the height through 
which it is raifed, the firft of thefe two produdts will be 
three times that of the fecond. 

Maxim 6. The beft general proportions of velocities 
between the water and the floats of the wheels will be 
that of 5 to 2 ; for inftance, if the water when it ftrikes 
the wheel moves with a velocity of eighteen feet per 
fecond, the wheel muft be fo loaded that its float-boards 
will move with a velocity of 7.2 feet per fecond, and the 
wheel will then derive the greateft power from the water, 
becaufe as 5 to 18, fo is 2 to 7.2. 

Maxim 7. There is no certain ratio between the load 
that the wheel will carry when producing its maximum of ef- 
fedt, and the load that will totally flop it ; but it approaches 
neareft to the ratio of 4 to 3, whenever the power exerted 
by the wheel is greateft, whether it arifes from an in- 
creafe of the velocity, or from an increafed quantity of 
water ; and this proportion feems to be the moft applicable 
to large works. But when we know the effedt a wheel 
ought to produce, and the velocity it ought to move with 
wlulft producing that effedt, the exadt knowledge of the 
greateft load it will bear is of very little confequence in 
pradtice. 

Maxim 8. The load that the wheel ought to have, in order 
to work to the moft advantage, can* be always aifigned thus: 
afeertain the power of the whole body of water, by multiply- 
ing the weight of the water expended in a minute by the height 
of the fall, take one-third ot the produdt, and it gives the 
effedt of power which the wheel ought to produce : to find 
the load, we muft divide this produdt by the velocity which 
the wheel fhould have, and that, as we have before fettled, 
fhould be two-fifths of the velocity with which the water 
moves when it ftrikes the wheel. 

The wheel muft not be placed in an open river to be ac- 
tuated by the natural current, in which cafe, after it has 
communicated its impulfe to the float, it has room on all 
fides to efcape : this is the fuppofititious cafe on which moft 
mathematicians have proceeded ; but in all thefe experi- 
11 
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ments, the wheel is placed in a conduit or race, to which the 
float -boards are exaftly adapted, and the water cannot 
otherwife efcape than by moving along with the wheel. It 
is obfervable in a wheel working in this manner, that as 
loon as the water meets the float, it receives a fudden check, 
and rifes up againft the float, like a wave againft a fixed ob- 
jeft, infomuch that when the fheet of water is not a quarter 
of an inch thick before it meets the float, this fheet will 
aft upon the whole furface of a float, whofe height is three 
inches ; and confequently, where the float is no higher than 
the thicknefs of the fheet of water, as theory alfo iuppofes, 
a great part of the force would have been lofl by the water 
dafhing over the float. 

The wheel which Mr. Smeaton ufed had originally twenty- 
four floats, and was afterwards reduced to twelve, which 
caufed a diminution in the cffeft, on account of a greater 
quantity of water efcaping between the floats and the floor 
of the channel in which it moved ; but a circular fweep 
being adapted th< reto, of fuch a length, that one float en- 
terea the curve before the preceding one quitted it, the 
effeft came fo near to the former as not to give hopes of 
advancing it, by increafing the number of floats beyond 
twenty -four in this particular wheel. 

Mr. Smeaton obferves that, in many of the experiments, 
the refults were by different ratios than thofe which his 
maxims fuppofed ; but as the deviations were never very 
confiderable, the greateft being about one-eighth of the 
quantities in queliion, and as it is not practicable to make 
experiments of fo compound a nature with abfolute preci- 
fion, he fuppofes, that the lefler powers are attended with 
fome friftion or work under fome difad vantages, which have 
not been duly accounted for ; and, therefore, he concludes 
that thefe maxims will hold very nearly, when applied to 
works in large. 

application of thefe Principles to Practice . — The fir ft thing 
to be done in a fituation where an underihot wheel is in- 
tended to be fixed, is to confider whether the water can run 
off clear from the wheel, fo as to have no back water to im- 
pede its motion ; and whether the fall which can be obtained 
by conftrufting a proper dam to pen up the water and 
fluice for it to pafs through, will caufe it to ftrike the float- 
boards of the wheel with a fufficient velocity to impel them 
forcibly forwards ; and alfo, whether the quantity of the 
fupply will be fufficient to keep a wheel at work for a cer- 
tain number of hours each day. 

When we have afeertained the height of the fall of water, 
that is, the height of the furfacc above the centre of the 
opening of the fluice, we mult find what will be the con- 
tinual velocity of the water iffuing out from fuch opening. 

In fome cafes, we have the velocity of the water given 
when it ifTues from the opening of the fluice, and we then 
require to know what height of column will produce that 
velocity. Thefe two things wc may find by a fingle rule, 
and an eafy arithmetical operation, which is as follows : 

ift. The perpendicular height of the fall of water being 
given in feet and decimals of feet, the velocity that the 
water will acquire per fecond, exprefled in feet and decimals, 
may be found by the following rule : 

Multiply the conftant number 64.2882 by the given 
height, and the fquare root of the produft is the velocity 
required. 

Example x.— -If the height is two feet, the velocity will 
be found 1 1.34 feet per fecond. 

Example 2.— If the height is 16,0913 feet, the velocity 
will be 32,1826 feet per fecond. 

Example 3. — If the height is fifty feet, the velocity will 
be 56,68 feet per fecond. 
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Note. The velocities thus obtained will be only the theoretic 
velocity, that is, the velocity any body would acquire by 
falling through fuch height in vacuo , the velocity in reality 
will be lefs, generally fix or feven-tenths. 

The uniform velocity of a fluid being given, exprefled in 
feet and decimals of feet per fecond, the height of the co- 
lumn or fall to produce luch a velocity may be found by 
the following rule : 

Multiply the given velocity into itfelf, and divide the pro- 
duft by 64,2882 ; the quotient will be the height required, 
exprefled in feet and decimals. 

Example 1. — If the velocity given is three feet per fe- 
cond, the height will be 0.139 of a foot. 

Example 2. — If the velocity given is 32,1826 feet per 
fecond, the height will be found 16,0913 feet. 

Example 3. — Let the velocity be 100 feet per fecond, 
the height will be 155,649 feet. 

The knowledge of the foregoing particulars is abfolutely 
neccflary for conftrufting an underfhot water-wheel 5 but 
the moil advantageous method of felting it to work, and to 
find out the utmoft it could perform, would be very dif- 
ficult, if we were not furnifhed with the maximum which 
Mr. Smeaton fettled, by (hewing, that an underfhot water- 
wheel will aft to the greateft advantage, when the velocity 
of its float- boards is equal to two fifths or four-tenth parts 
of that of the water which gives it motion. 

To illuftratc this, let us confider awheel equally balanced 
on all Tides, and turning freely round upon its pivots, its 
circumference would Toon move as faft as the current it 
was placed in. Suppofe the water to move at the rate of 
three feet in a fecond, the circumference of the wheel 
would pafs through three feet in a fecond. In this cafe, 
the wheel performs no work, and the cffeft produced is 
nothing. 

Now in attempting to apply the power of this wheel to turn 
any kind of machinery, fuppofe the work to be fo proportion- 
ed, that the refiftance would caufe the wheel to ftand ftill and 
ftop the water, or make it run over the floats, in confequence 
of its not having fufficient force to carry the float -boards 
along with it. In this cafe alfo, there being no motion, 
there could be no mechanical effeft produced ; but if the 
refiftance be diminifhed by degrees, the wheel would be- 
gin to partake of the motion of the current of water, and 
lying loaded, would produce a mechanical effeft propor- 
tioned to the load and velocity. The wheel would mcreafe 
in its velocity in proportion ^ as the refiftance was dimi- 
nifhed, and the mechanical effeft would increafe alfo until a 
certain point when the wheel moved fo faft, that the water 
would not ftrike the float-boards quick enough to produce 
the greateft effeft : this is found to be as before mentioned, 
when the floats move four-tenths as faft as the water, be- 
caufc then fix-tenths of the water is employed in driving 
the v heel with a force proportional to the fquare of its 
velocity. 

If we multiply the furface or area of the opening by the 
height of the column, we fliall afeertain the body or column 
of water which ffiould prefs againft that float-board, which 
is immediately under the wheel, fuppofing it has no motion ; 
but it will be found, that a fmall proportion of the weight 
of the original column hung on the oppofitc fide of the 
wheel, would arreft its motion entirely ; but when we would 
have it to move with a proper velocity, that is, two-fifths of 
that velocity with which the water moves, T x>Vv of the 
weight of the original column, is the weight which the 
wheel would raife with four-tenths of the velocity that the 
water moves with, and the power which the wheel would 
exert on the machinery to grind corn, lift hammers, raife 
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water, 8c c. is tWo- of the weight of the water multiplied 
by t 4 c of its velocity. 

Thus it appears that an underlhot water-wheel, conftru&ed 
after the foregoing manner, would only raife one-third part 
of the water expended to the fame height, as the original 
head or level. This is the utmoft that can be expe&ed, 
though often lefs is done ; becaufe here we fuppofe every 
part exactly performed, and the water applied to the wheel 
in the bell manner ; therefore, as we cannot come up to the 
maximum, we muft come as npar it as wc can by lofing the 
lead poffible of the power’s impulfe. 

It is no advantage to have a very great number of float- 
boards round the wheel, becaufe when they are {truck by 
the water, as applied in the beft manner poflible, the futn of 
the impulfes exerted on the different floats, will but be equal 
to the impulfe made again ft one float-board ftruck by all the 
water iffuing from the fluicc at right angles to its furface. 
But as this float-board muft move forward, there muft be a 
fucceflion of float-boards to receive the impulfe of the 
water, and lince they cannot receive it at right angles, there 
will be fome lofs of impulfe in that fucceflion. Befides 
when the firft float -board is fo far paft the perpendicular, as 
to have the a&ion of the water intercepted by the fucceed- 
ing one, it is checked by the back water through which it 
muft pafs in rifing out of the water, and thereby be fo far 
retarded as to take from the full effeft of the impulfe on 
the following float. Indeed if all the water could run off 
immediately after having performed its office, this would 
not happen ; but it can feldom be effe&td in underlhot- 
mills, efpecially thofe built upon rivers. All the remedy 
in fuch cafe is, (when the diameter of the wheel is 
fettled) to fix juft fuch a number of floats upon it, that 
each one, after it has received the full impulfe of the 
water, may come out of the water as foon as poffible, 
that another fucceeding float may be brought to receive the 
impulfe, other wife the wheel would remain a moment with- 
out any impulfe. 

In the article Mill we have given a table for the dimen- 
fions and proportions for underlhot wheels, which was cal- 
culated by Mr. Fergufon. Dr. Brcwfter, in his new edition 
of Mr. Fcrgufon^s works, has given an improved table, 
which is calculated upon the following principles. 

It is evident that the water-wheel muft always move with 
lefs velocity than the water, even when there is no work to 
be performed ; for a part of the impelling power is necef- 
farily fpent in overcoming the inertia of the wheel itfelf ; 
and if the wheel has little or no velocity, it is equally mani- 
feft that it will produce a very fmall effed. 

There is confequently a certain proportion between the 
velocity of the water and the wheel, when the effect is a 
maximum. Mr. Smeaton has Ihewn the greateft effed is 
produced when the velocity of the wheel is between one- 
third and one-half, but the maximum is much nearer to 
one-half than one-third. He obferves alfo that one -half 
would be the true maximum, if nothing were loft by the 
refiftance of the air, the fcattering of the water carried up 
by the wheel, and thrown off by the centrifugal force, 
and the leakages of the water between the floats and 
the water-courfe, all which tend to produce a greater 
diminution of the effed at that velocity, which would 
be the maximum if thefe Ioffes did not take place, than 
they do when the motion is a little flower. The great 
hydraulic machine at Marly, the wheels of which are un- 
derfliot, was found to produce a maximum effed when 
the velocity of the wheel was two-fifths that of the cur- 
rent. Hence Dr. Brewfter concludes that in theory the velo- 
city of the wheel is one-half that of the current, and that 
\Z 
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in pradice it is never more than three-eighths of the ftream’a 
velocity, when the effed is a maximum. 

Dr. Brewfter' s Table of underfhot Water-Wheels, in which 
the velocity of the wheel is three-fevenths of the velocity of 
the water, and the effeds of fridion on the velocity of the 
ftream are reduced to computation. The wheel is fup- 
pofed to be fifteen feet diameter. 


Fbicht of 
iht' Fall of 
Water. 

Velocity of the 
Wuiei ptr Se- 
cond, triijrtion 
being confidered. 

Velocity of the 
Wheel per Se- 
cond being three- 
fevrnihs that of 
the Water. 

Revolutions of 
the Wheel per 
Minut#*, its Dia- 
meter being 
fifteen Feet. 

Feet 

Feet and 

Feet and 

Revolutions and 


Decimals. 

Decimals. 

Decimals. 

1 

7.62 

3*27 

4.16 

2 

10.77 

4.62 

5.88 

3 

1 3 * 20 , 

5.66 

7.20 

4 

15.24 

6-53 

8.32 

5 

17.04 

7 * 3 ° 

9.28 

6 

18.67 

8.00 

IO.I9 

l 

20.15 

8.64 

IO.99 

8 1 

21.56 

9.24 

1 1.76 

9 ! 

22.86 

9.80 

I2.47 

10 

1 

24.10 

IO -33 

13. 15 

1 1 

25.27 

10.83 

* 3-79 

12 1 

26.40 

11. 31 

14.40 

i ! 

27-47 

11.77 

M '99 

*4 

*«•*> 

12.22 

15.56 

1 S 

29.52 

12.65 

16.12 

16 , 

30.48 

13.06 

16.63 

17 

3 *- 4 2 

13.46 

17.14 

18 

3 2, 33 | 

13.86 

17.65 

i 

33 - 22 

14.24 

18.13 

20 

1 

34- >7 j 

14.64 

18.64 


Another Manner of applying Water to an underfhot Wheel . 
—This was propofed by M. Fabre as the refult of much 
mathematical inveftigation, and has been fo frequently re- 
commended by authors of eminence, that we fhall give a 
fhort defeription without entering into all his rules for the 
proportions. The principal difference in this wheel from 
that in common ufe is, that the water is made to run down 
a rapid flope or inclined plane, in order to ftrike the floats 
of the wheel, inftead of iffuing from an aperture or fluice 
fituated beneath the furface of the water in the refervoir. 
A mill is ufually fituated at a diftance from the river, with 
a canal or water-courfe to condud the water to the mill* as 
it is of the higheft importance to have the height of the fall 
38 great as poflible, the bottom of the canal or water- 
courfe, which conduds the water from the river to the mill, 
Ihould have a very fmall declivity ; for the height of the 
water-fall at the mill will diminifli in proportion as the 
declivity of the canal is increafed: it will be fufficient to 
make it flope about one inch in 200 yards, taking care to 
make the declivity about half an inch in the firft 48 yards, 
in order that the water may have a velocity fufficient to 
prevent it from flowing back into the river. 

When the water is thus brought to the channel in which 
the wheel is placed, the water is recommended to be con- 
ducted down a flope or inclined plane, making an angle of 
degrees with the horizon ; that is, in a perpendicular of 
ten feet, the flope fliould deviate from it 4$ feet : at the 
bottom of this flope the water is to be again condufted 
horizontally, and then to ftrike the float-boards of the 
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wheel. To render the fall of the water eafy, the Dope is to 
be rounded off by a convexity at top and a concavity at 
bottom, to lead the water from the horizontal to the flope, 
and again from the Hope without abruptnefs. It is fup- 
pofed that the water, in running down this inclined plane, 
will acquire the fame velocity as if it had fallen perpen- 
dicularly through a height equal to the perpendicular 
height of the Hope. 

The diftance through which the water runs horizontally, 
from the foot of the Hope before it a&s upon the wheel, 
fhould not be lefs than two or three feet, in order that the 
different portions of the fluid may have obtained an hori- 
zontal direction ; but if this horizontal diftance be much 
larc rer, the velocity of the ftream would be diminifhed by its 
friction on the bottom and fides of the water -courfe. That 
lefs water may efcape between float-boards and the bottom 
of the courfe, it fhould be formed into the arch of a circle 
concentric with the wheel, which fweep fhould be pro- 
longed, fo as to fupport the water as long as it can ad upon 
the float-boards 5 beyond this fweep fhould be a ftep or fall 
of not much lef6 than nine inches with a flope of about 
45 degrees, that the water having fpent the greater part of 
its force in impelling the float-boards, may not accumulate 
below the wheel and retard its motion. After this ftep the 
courfe of difeharge, or tail water-courfe to run off the water 
from the wheel, fhould be floored with wood or mafonry 
about 1 6 yards long, having an inch of declivity in every 
two yards. 

The canal which condu&s the water from the courfe of 
difeharge to join the river again, fhould flope about four 
inches in the hrft 200 yards, and three inches in the fecond 
200 yards, and fo decreafing gradually till it terminates in 
the river. But if the river to which the water is conveyed, 
fhould be fubjed to be fwollen by the rams, fo as to force 
the water back upon the wheel, the canal mult have a 
greater declivity, in order to prevent this from taking 
place. Hence it will be evident, that very accurate levelling 
is neceflary for the proper formation of the mili-courfe. 
The tail water-courfe ought always to have a very confi- 
derable breadth, which fhould be greater than that of the 
wheel-race, or part in which the wheel ads, that the water 
having room to fpread may have lefs depth. The fedion 
of the fluid at the point where it ftrikes the wheel fhould be 
redangular, the breadth of the ftream having a determinate 
relation to its depth. If there is a great ftream of water, 
the breadth fhould be triple the depth ; if there is a mode- 
rate quantity, the breadth fhould be double the depth ; ami 
if there is very little w ater, the breadth and the depth fhould 
be equal. The depth of the water here alluded to is it6 
natural depth, or that which it would have, if it did not 
meet the float -boards. The effective depth is generally two 
and a half times the natural depth, and is occalioned by the 
impulfe of the water on the float-boards, which forces it to 
fwell, and increafes its adtion upon the wheel. 

As it is of great confequence that none of the water 
fhould efcape, either below the float-boards or at their 
fidcs, without contributing to turn the wheel, the breadth of 
the float-boards fhould be wider than the fheet of water 
which ftrikes them. The diameter of the water-wheel 
fhould be as great as poflible, unlefs fome particular circum- 
itances in the conftrudtion prevent it ; but ought never to 
be lefs than feven times the natural depth of the ftream or 
thicknefa of the fheet of water, where it meets the float- 
boards. The wheel will move irregularly, fometimes quick 
and fometimes flow, according to the pofition of the floats 
withrefpe& to the ftream ; unlefs the number of float -boards 
is confiderable, the wheel mult have fo many floats, that 
Vo L. XXXVIII. 
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two floats will at lead be always in the circular fweep at 
the bottom of the wheel 5 but in order to remove any 
inequality of motion in the wheel, and prevent the water 
from efcaping beneath the tips of the float-boards, it fhould 
have as many float -boards as poflible, without loading it, or 
weakening the rim on which they are placed. The float- 
boards fhould not be perpendicular to the rim, or, in other 
words, a continuation of the radius, but fhould be inclined to 
the radius ; the water will thus heap upon the float-boards, and 
a6t not only by its impulfe, but alfo by its weight. When 
the velocity of the ftream is eleven feet per fecond, or above 
this, the inclination fhould never be lefs than thirty degrees ; 
or when this velocity is lefs, the inclination fhould diminifh 
in proportion ; fo that when it is four feet, or under, the 
inclination fhould be nothing, that is, the float-boards fhould 
point to the centre of the wheel. 

It is a ftrong pra&ical obje&ion to this manner of apply- 
ing the water to the wheel, that when the water of the river 
finite in dry weather from a deficiency of water, it would 
not run over the top of the fall, and the mill could not work 
at all even if it funk only ten or twelve inches : in like 
manner, when the water rifes in floods, the water at the top 
of the fall would become fo deep, as to require fome fhuttle 
to prevent it from inundating the wheels, at the fame time 
that the ftagnant water in the mill-race would prevent the 
wheel from working. Almoft all rivers are fubjeft to 
floods, and often they rife and fail, three, four, fix, and 
eight feet above their ordinary level in fair weather; now 
the water moflly rifes at the tail or difeharge of the water 
as much as the head, and the wheel-race will therefore be 
full of ftagnant water, which is called tail-water, and ob- 
ftrudls the motion of the wheel. 

In a ground-fhot wheel, where the water ifTues from a 
fhuttle on a level with the bottom of the wheel-race, it can 
always work in dry feafons, as long as the river contains 
any water, although the power diminifhes almoft to nothing, 
when the water finks low, and will not rufh out with force 
from the fhuttle. In floods of water, this wheel has a 
greater advantage, becaufe the depth of head which urges 
the flowing water is increafed when the water is high, and 
this makes it drive the tail-water forcibly out of the wheel- 
race, and enable the wheel to work, when a wheel with 
an inclined fall would infallibly be flopped. 

Brcail-wheels and ovcrfhot-wheels, properly conftru&ed, 
have dill greater advantages, in clearing themfelves from 
tail-water, and this is a very important object. 

Floating-Mill with underjhot Wheels . — A large floating 
water-mill, to be worked by the tides or currents, was fta- 
tioned fome years ago in the river Thames, between London 
and Blackfriars bridge, by permilfion of the Board of 
Navigation. Such permiflion having been granted with the 
view of reducing, if poflible, the price of flour in the 
metropolis, and contributing to a conftant fupply of that 
neceflary article of fubfiftence. The fimplicity of this in- 
vention renders a long defeription fuperfluous, as it confide 
in merely applying the force of two large underfhot water- 
wheels on each fide of a barge, or any other vefTel calculated 
to contain the interior part of the machinery ; the float- 
boards are difpofed in a proper manner to be a&ed on by 
the tide or current, fo as to give the wheels a rotatory motion, 
and by connedtiiig them with proper machinery, to anfwer 
the purpofes for which the mill is intended. 

Any Chip, brig, floop, or other veflel, may be ufed for 
this purpoie, provided it is of fufficient fize to accommo- 
date rhe work 8 to be ere&ed, yet in point of expence it will 
be betid to employ fuch as are rendered unfit for fea- 
iervicc. 

L 
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When it is intended that the fhip or mill fliould be fla- 
tionary, it muft be anchored, moored, or otherwife made 
faft, (o as to fwing with the tide when neceffary $ but the 
mill may be worked while the veffel in which it is ere&ed is 
failing, when wind and other circumftances permit. 

The number and fize of the water-wheels to be ufed may 
be varied, according to the fize of the fhip or veffel, or to 
the ftrength of the tide or current, and the power required ; 
and the wheels may be conftru&ed as in common underfhot 
mills, or with folding-floats, for the more readily freeing 
them from the water : two wheels are to be placed vertically, 
on an horizontal axis, of fuch length, that, the axis being 
placed acrofs the fhip or veffel, one wheel may run on each 
iide of it on the fame axis. 

A mill conftru&ed in the manner above deferibed may 
be moved by the ftrength of from two to fix large water- 
wheels, or fuch other number as the fhip or veffel will ac- 
commodate. Thefe water-wheels may dip into the water 
from three to four, or more feet deep ; they fhould be 
fo conne&ed together as to be eafily engaged with and dif- 
engaged from each other, fo that during the weak part of the 
tide they may all be made to a& on one pair of mill-ftones, 
if neceffary ; and as the ftrength of the tide increafes, more 
Hones or other machinery may be put in motion, fo as at all 
times to do bufinefs in proportion thereto. 

In a mill of this kirtd the water-wheels do not admit of 
having water-courfes, or any equivalent contrivances, to con- 
du& the water to the wheels, as in other underfhot wheels ; 
but the float-boards muft be large enough to receive the 
power required from merely dipping into the current of the 
tide-water. 

The veffel of the mill in the Thames is the hull of an 
old fhip of two or three hundred tons burthen, which being 
moored in the river by chains, fo that it can fwing round 
when the tide changes, the wheels will always turn the 
fame way round ; one water-wheel is fixed on each fide of 
the veffel, a long iron axis being common to both ; the ex- 
treme ends of the axis are fupported in a frame-work of 
timber, and another very ftrong frame of timber is fixed 
outfide of the wheels at the level of the water, which floats 
in the water, and is only attached to the mill by chains ; this 
is to prote6l the wheels from injury, by veffels which pafs and 
repafr. Each water-wheel is 1 8 feet diameter, and 14 feet 
broad ; the float-boards are each 3 feet deep, and are about 
fixteen in number, affixed on the circumference of cart iron- 
wheels, or circles, which are 1 2 feet diameter, there arc three 
of thefe circles for each wheel ; hence we find each float- 
board expofes a furface of 42 fquare feet to the adtion of the 
current, and if we fuppofe each wheel to have two floats in 
a&ion at the fame time, the power of the mill will be derived 
from 168 fquare feet a&ed upon by the water, which feldom 
exceeds a velocity of four miles per hour, or 35 2 feet per 
minute. 

The iron axis of the water-wheels is a hollow tube of nine 
inches diameter outfide, and five inches within, made in four 
lengths of 12 feet each, properly joined together, and ex- 
tending acrofs the veffel from one wheel to the other. On 
the middle of this axis a large wheel of 1 1 feet diameter is 
fixed, and furrounded by a brake or gripe like that ufed in a 
wind-mill, the ufe of which is to flop the mill when it re- 
quires repairing. Near to this brake-wheel is a large be- 
villed cog-wheel 13 feet diameter, with 89 cogs, which gives 
motion to a bevilled pinion two feet eight inches diameter, 
with eighteen cogs fixed on the too of a vertical axis. On 
this axis is alfo a large horizontal fpur-wheel 12 feet dia- 
meter, with 201 cogs, which gives motion to pinions of one 
foot diameter, and 1 7 cogs fixed on the fpindles of the mill- 
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ftones. There are four pair of mul-ftones, two pair of 
4§ feet and two pair of 3 £ feet diameter, and the mill alfo 
works a drefling-machine for the flour. The miU-ftones 
make 57 £ revolutions for one revolution of the water-wheels, 
which move very flow, fcarcely two turns per minute, in the 
moll favourable periods of the tide. The circumference of 
each taken through the middle of the float-boards is 47 feet ; 
hence the float-boards move about 94 feet per minute, when 
the mill-ftones make their proper number of revolutions to 
grind with the greateft effeft. 

It was found that on a flood-tide, this mill would drive two 
pair of 34 feet mill-ftones, and a flour drefling-machine, but 
on the ebb-tide only one pair of 4-feet ftones and the ma- 
chine ; thus it is only the performance of a fmall mill, al- 
though the wheels are of large dimenfions, and it would 
require enormous wheels to make an effcdlive floating mill 
in the river Thames. 

This machine is now removed from the river, becaufe it 
was found to do fo much injury to the veffels which continu- 
ally ran againft its floating frame, and the repairs of the da- 
mages frequently done to the mill by ice and the craft took 
away all the advantages of the mill. 

Underfoot Wheels with oblique Floats , — Attempts have 
been made to conftruft water-wheels for tide-rivers which 
receive the impulfe obliquely, like the fails of a common 
wind-mill. This would in many fituations be a great ad- 
vantage. A very flow but deep river could in this manner 
be made to drive mills ; and although much power would 
be loft by the obliquity of the impulfe, the remainder might 
be very great. Dr. Robin fon fpeaks of a wheel of this kind 
which was very powerful ; it was a long cylindrical frame, 
having a plate ftanding out from it about a foot broad, and 
furrounding it with a very oblique fpiral like a cork-fcrew. 
This was immerfed about one-fourth of its diameter (which 
was nearly 1 2 feet ) , having its axis in the dire6tion of the 
ftream. By the work which it was performing, it feemed 
more powerful than a common wheel which occupied the 
fame breadth of the river. Its length was not lefs than 
20 feet ; had it been twice as much it would have been nearly 
redoubled in its power without occupying more of the 
water-way. It is probable fuch a fpiral continued quite to 
the axis, and moving in a hollow canal wholly filled by the 
ftream, might be a very advantageous way of employing a 
deep and flow current. 

In the Tranfa&ions of the Society of Arts, vol. xix. a 
water-wheel is deferibed, in which the float-boards are placed 
obliquely to the axis of the water-wheel at about an angle 
of 40 degrees, being fixed to the rim in pairs, which are 
inclined equally to the axis of the wheel, but in oppofite 
directions to each other ; fo that the two float-boards of 
each pair point towards each other in an angle of about 
80 degrees, and if the pair of floats were continued they 
would meet in the middle of the breadth of the wheel. The 
water is made to ftrike the floats within this angle, and in 
confequence all the water which is emitted by the fluice and 
ftrikes upon the oblique floats will be refle6led from the fides 
or ends of the two pair of float-boards towards the vertex 
of the angle, which they make $ but the pair of floats 
do not touch each other, fo that the vertex of the angle is 
open ; but to prevent the water pafling freely through the 
open angle, one of the float-boards is made to extend far be- 
yond the vertex, or point, where they would interfe&, and 
the other is made to fall Ihort of it, neverthelefs the water 
would certainly pafs through the opening. It is Hated, that 
the motion of the ordinary wheel with parallel floats is 
greatly retarded by the refiftance which they experience in 
rifing up or quitting the tail-water of the ftream, from the 
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preffure of the atmofphere on their upper furface before the 
air gets admiflion beneath the floats ; but in Befant’s wheel 
this refiftance is greatly diminifhed, as the floats emerge from 
the ftream in an oblique dire&ion. The water-wheel is 
conftru&ed in the form of a hollow drum, fo as to refill the 
admiflion of the water. Although this wheel is much hea- 
vier than thofe of the common conftru&ion, yet it revolves 
more eaflly upon its axis, as the ftream has a tendency to 
make it float. We cannot recommeud this wheel, but on 
the contrary think it one of the worft forms, as it tends to 
increafe that lofs which arifes in all underfliot-wheels from 
the change of figure which the water mull undergo when it 
ftrikes the float, and we fhould not have mentioned it, but 
that it has been fo frequently copied and recommended by 
different authors. 

Horizontal Water-wheels aduated by the Impulfe of Water . 
— Thefe have been confiderably in ufe on the continent, and 
deferve our notice from the timplicity of their conftru£lion. 
The wheel is conftru&ed in the fame manner as an under - 
fhot-wheel, having float-boards fixed round its circumference 
in the form of radii ; it is mounted on a vertical axis, the 
upper end of which is fixed to the fpindle of the miil-ftone, 
if the mill is intended to grind corn ; but in fome cafes, it is 
better to fix a cog-wheel on the upper part of the vertical 
axis with teeth round its edge, to give motion to trundles 
or pinions on the fpindles of the mill-ftones, becaufe the 
floats of the wheel mud always be made to move with a 
given proportion of the velocity of the water. The wheel- 
race or water-courfe may be made nearly the fame as for an 
underfhot-wheel, if wc fuppofe it laid down in an horizontal 
pofition ; that is, a trough or channel of mafonry is con- 
ftru&ed in which the wheel works, and the float-boards of 
the wheel are exa6tly fitted to it : at one end of this chan- 
nel is the aperture or fluice through which the ftream of 
water iflues, and ftrikes the floats of the wheel fo as to 
turn it round, and the water paffes forwards and efcapes at the 
other end of the channel. When the water is delivered upon 
the wheel in an horizontal dire&ion, or perpendicular to its 
axis, the float-boards fhould be inclined about twenty -five 
degrees to the plane of the wheel, and the fame number of 
degrees to the radius, fo that the lowed and outermoft fides 
of the float -boards may be fartheft up the ftream and be met 
by the water firft. 

In many cafes, the water-courfe is made inclined to the 
plane of the wheel in fuch a degree, that the water may ftrike 
the float -boards perpendicular to their furfaces. 

In the fouthern provinces of France, where horizontal 
water-wheels are generally employed, the float- boards are 
made of a curvilineal form fo as to be concave towards the 
ftream ; they are generally fegments of fpheres, or hollow 
wooden bowls or ladles fixed on the rim of the wheel : the 
water, in this cafe, is conduced through a pipe, and pro- 
jected in a jet on a direction a little inclined to the horizon. 
When the height of water is very confiderable, this is, 
perhaps, the beft form for the floats, or ladles, as they are 
called. 

The chevalier de Borda obferves, tiiat in theory a double 
effeCt is produced when the float-boards are concave, but that 
the effeCt is diminifhed in practice, from the difficulty of making 
the fluid enter, and leave the curve in a proper direction. 
Notwithftanding this difficulty, however, and other defers 
which might be pointed out, horizontal wheels with con- 
cave float-boards are always fuperior to thofe in which the 
float-boards have plane furfaces. 

Mr. Smeaton conftru&ed a fmall corn-mill with a hori- 
zontal water-wheel, of which the following are the prin- 
cipal dimenfions. Fall of water feet $ diameter, or 


bore of the nofe-pipe through which the water iffued in 
a jet to ftrike upon the wheel, i J inch ; diameter of the 
water-wheel io feet to the centre of the floats or ladles, 
which were twelve in number ; they were made of a concave 
form, nearly fegments of fpheres, and about 14 inches in 
diameter ; and fixed round the circumference of the wheel, 
fo that the planes of the circular rims, or edges of the 
hollow ladles, were not perpendicular to the plane of the 
wheel, but inclined thereto in fuch a degree, that the jet of 
water ifluing from the nofe-pipe at an angle of 22 degrees 
from the horizontal line, would ftrike the floats in the centre 
and perpendicular to the circular edge of the hollow ; the 
internal furface of the floats being really fpherical, the water 
would always ftrike perpendicularly into the concavity of 
the bowl. The water-wheel ax«s rofe up perpendicularly 
into the mill-houfe, and on the top a wheel of 4 feet 8 inches 
in diameter, and 44 cogs, was fixed for giving motion to the 
pinions on the axis of the mill-ftones. The largeft pinion 
of 17 cogs was fixed on the axis of a pair of ftones 4 feet 
6 inches in diameter, and the fmaller pinion of 1 3 cogs on 
the axis of a Hone 3 feet 6 inches in diameter. It wa* 
not intended to turn both thefe pairs of ftones at the fame 
time, but it was neceflary to have two pairs for different 
ufes. 

When this mill moved with a proper velocity to grind 
to the greateft advantage, if the 4 feet 6 inches ftones were 
ufed, the water-wheel made 25 revolutions per minute, and 
the ftones therefore made 65 revolutions per minute, and 
the float-boards morved with a velocity of 784 feet per mi- 
nute ; but when turning the fmaller mill-ftones of 3 feet 
6 inches diameter, the water-wheel went beft when it made 
26 revolutions, and therefore turned the mill-ttone 88 turns 
per minute ; and the velocity of the floats was 816 feet per 
minute. 

Mr. Smeaton calculated the velocity of the water iffuing 
from the pipe at 3403 feet per minute, which is the velocity due 
to a 50 feet feet, becaufe he allowed the 2~ feet to overcome 
friCtion, and the expenditure of the inch nofe-pipe at 30 
cubic feet per minute allowing for fri&ion. This mill ground 
one bufhel of wheat per hour, on the average of a great 
many experiments, now 30 x 50 = 1500 cubic feet, falling 
one footer minute. It is found by repeated experiments, 
that 600 cubic feet falling one foot per minute on a good 
water-wheel is an ample allowance for grinding a bufliel of 
wheat, as it may be done by 530 ; hence this fall of water 
ought to have ground z\ bufhels per hour inftead of one. 
The mill, however, admits of improvement in making the 
floats of the wheel move quicker. 

When the mill-ftone of an horizontal mill is fixed on the 
upper end of the axis of the water-wheel, if the mill-ftone be 
five feet in diameter, it fhould never make lefs than fixty turns 
in a minute, and the w heel muft perform the fame number 
of revolutions in the fame time ; and in order that the 
effect may be a maximum, or the greateft poflible, the ve- 
locity of the current muft be more than double that of tlie 
wheel. 

Suppofe the mill-ftone, for example, to be 5 feet dia- 
meter, and the water-wheel 7 feet, it is evident that the 
mill-ftone and wheel muft at leaft revolve 6 q times in a mi- 
nute ; and fince the circumference of the wheel is 22 feet, 
the float-boards will move through that fpace in the 60th 
part of a minute, that is, at the rate of 22 feet per fecond ; 
which being doubled, makes the velocity of the water 
44 feet one fecond, anfwering, as appears from the rule, 
for the velocity of falling water, to a fall of 30 feet. But 
if the given fall of water be lefs than 30 feet, we may 
procure the fame velocity to the mill-ftone, by dirainifh- 
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ing the diameter of the wheel. If the wheel, for inftance, 
is only 6 feet diameter, its circumference will be 18.B 
feet, and its floats will move at the rate of 18.8 feet in 
a fecond, the double of which is 37.6 feet per fecond, 
which anfwers to a head of water 22 feet high. The dia- 
meter of the water-wheel, however, Ihould never be lefs than 
6 or 7 feet, becaufe the float -boards change their direction 
fo rapidly, in confequence of their proximity to the centre, 
that they will not receive the full adion of the water, be- 
caufe it a§8 in a perpendicular direction to the float -board 
only for a moment. Hence there will be a certain height 
of the fall, beneath which the Ample horizontal wheel can- 
not be employed ; and beyond that, wheel- work mutt be 
introduced to obtain the requifite velocity for the mill- 
ftones. 

In the provinces of Guienne and Languedoc, in France, 
another fpecies of horizontal wheel is employed for turning 
machinery. It confitts of an inverted cone, with fpirri 
float -boards of a curviiineal form winding round its furface. 
The wheel moves on a vertical axis in a pit or well of ma- 
fonry, to which it is exadly fitted, like a coffee-mill in its 
box. It is driven chiefly by the impulfe of the water, con- 
veyed by a fpout or canal in a dream, which ttrikes the ob- 
lique float -boards ; and when the water has fpent its impul- 
five force, it defeends along the fpiral float-boards, and con- 
tinues to ad by its weight till it reaches the bottom, where 
it is carried off by a canal. The idea of this machine is in- 
genious. The jet of water, being firtt applied to the upper 
or largeft part of the cone, ttrikes the float -boards at the 
part where they move with the greateft velocity, in confe- 
quence of their being on the largeft radius ; but as the water 
lofes its velocity, in confequrnce of the motion it has im- 
parted to the wheel, it defeends in the cone, and ads upon 
the floats lower down, where, the radius being lefs, the 
floats move more flowly, and are therefore better adapted 
to receive the adion of the water with its diminifhed ve- 
locity. 

M. Mannoury Dcflot’s horizontal W at cr-Whed y which 
he calls Danaide . — This receives the impulfe of the water in 
a different manner from any which we have deferibed, and 
is deferibed in a report to the Inftitute of France in 1813. 
The water-wheel is fixed in a horizontal pofition upon a 
vertical axis, and fupported upon the pivots thereof, fo as 
to be capable of turning round. It is not in reality a wheel, 
but a hollow cylinder or drum capable of containing water ; 
it is open at top, and united to the axis in the centre of the 
circular plane, which forms the bottom. Within this drum, 
and concentric with it, a foiid cylinder is fixed ; it is of lefs 
dimenfions than the drum itfelf, and occupies fuch portion 
of the content of the drum as to reduce the open part which 
can contain water to a hollow ring or circular trough, open 
at top, and of a confiderable depth, but only a few inches 
in width. The depth is deferibed as being nearly as great 
as the diameter of the wheel. 

The water coming from an elevated refer voir, is pro- 
jeded in jets from one or more pipes into this annular fpace 
which furrounds the rim of the wheel. Thefe pipes defeend 
in an inclined direction, till they are nearly on a level with 
the furface of the water in the annular fpace 5 and the ex- 
tremities turn horizontally, fo as to project the jet horizon- 
tally, and in the direction of tangents to the mean circum- 
ference of the water contained in the annular fpace. 

Suppofe this fpace which furrounds the wneel is full of 
water, then the ttream iffuing from the jet caufes the wheel 
to turn round upon its axis, becaufe it takes hold or ads 
upon the water in the annular fpace, and tends to give the 
water a circulating motion within the annular fpace j but the 
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fridion, or refiftance, which the water would find in fuch 
circulation, caufes the wheel to turn round with the water 
unlefs the load on the wheel, or refiftance to its motion, 20 
too great. 

The water which is continually thrown into the wheel 
efcapes from the annular fpace by paffages which proceed 
from the bottom thereof to the centre of the wheel 5 and 
there are openings at the centre, where the water can drop 
out below. To form the paffages for this purpofe, the foiid 
cylinder which is fixed in the centre of the hollow drum is 
of lef 9 depth than the other, and leaves a fpace between the 
bottom of the foiid and the bottom of the hollow, which 
is divided into compartments by diaphragms fixed upon the 
bottom of the trough, and proceeding like radii from the 
circumference to a central hole in the bottom of the trough, 
which is left open to allow the water to efcape. The report 
ftates, that the velocity with which the water iffues from 
the jets makes the machine move round its axis ; and this 
motion accelerates by degrees, till the velocity of the water 
in the annular fpace equals that of the water from the re- 
fervoir, fo that no fenfible fhock is perceived of the affluent 
water upon that which is contained in the machine. The 
motion of the wheel is regular, becaufe the adian is con- 
tinual ; but in the cafe of other water-wheels, where the 
water ttrikes againtt float-boards, fuch boards mull necef- 
farily be of a determinate number, and the motion mutt be 
given to the wheel by a fucceffion of impulfes, as the floats 
arrive before the ttream. We might indeed fuppofe a wheel 
with an infinite number of floats, but it would then amount 
to a plain cylindrical or flat furface, upon which the water 
would not take fufficient hold to produce any fenfible effort 
to turn it round. 

Now in M. Dedot’s wheel, in place of float-boards, the 
rim of the wheel is clothed with water, which is capable of 
being afted upon by the water iffuing from the jets. This 
a&ion tends to put the water in the annular fpace in motion, 
and to carry the wheel along with it, by the adhefion it 
mutt naturally have to the fides of the channel which con- 
tains it. The velocity of the wheel will be in proportion to 
the refiftance that the load makes to its motion. 

The circular motion of the wheel communicates a centri- 
fugal force to the water contained in the annular cavity of 
its rim, which caufes it to prefs againtt the outermoft fide 
of the channel. This centrifugal force ads equally upon 
the water contained in the compartments at the bottom of 
the faid ritn ; but its action diminifhes as the water ap- 
proaches the centre. 

The whole matt of water is then animated by two op- 
pofite forces, viz. gravity and the centrifugal force. The 
firtt tends to make the water run out at the hole in the bot- 
tom of the wheel at the centre, and the fecond to drive the 
water from that hole. 

To thefe two a&ions are joined a third, viz . fridion or 
refiftance, which ads an important and Angular part ; and 
in this machine the fridion of the water produces its powers 
of adion, while in moft other machines it always dirainilhes 
their powers. The effed in this machine would be nothing, 
were it not for the refiftance which the water finds oppofed 
to its free circulation in the annular fpace round the nm of 
the wheel. 

By the combination of thefe three forces there ought to 
refult a more or lefs rapid flow of water from the hole in the 
centre at the bottom of the wheel ; and the flower this water 
iffues, the greater will be the effedive power of the machine 
for producing the ufeful effed for which it is deftined. 

The moving power in this machine, like all others, is the 
weight of the water which runs into the wheel, multiplied 
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by the elevation the rcfcrvoir has above the bottom of the 
wheel, or orifice from which it iffues in quitting the fame ; 
but the ufeful mechanical effedfc is ftated to be equal to that 
produdt, diminilhed by half the force which the water re- 
tains, when it flows out at the orifice below, and quits the 
machine. 

In order to afeertain, by diredl experiment, the magni- 
tude of this effedfc, Meffrs. Prony and Carnot fixed a cord 
to the axis of the machine, which palling over a pulley, 
railed a weight by the motion of the machine. By this 
means the ene& was found to be T ^ths of the power, and 
often approached -rV^ths, without reckoning the fridfcion of 
the pulleys, which has nothing to do with the effe&. 

We cannot help fufpe&ing fome miftakc in thefe experi- 
ments, or in the ftatement of them, but think the machine 
deferves a trial; and if it fhould produce near the refult 
above ftated, it would be a moft valuable addition to our 
means of employing falls of water ; and its fimplicity would 
be a great recommendation, particularly for corn-mills, be- 
caufe the perpendicular axis is immediately adapted for that 
r,urpofc, without any wheel-work. 

Horizontal Mill with oblique Vanes . — In Bclidor’s Archi- 
tecture Ilydraulique he detcribcs a different form of hori- 
zontal mill. The wheel is a circular rim, and the radii or 
arms are all oblique vanes or floats, precilely the fame as the 
common fmoke-jack. This wheel is placed horizontally in 
a well, to which it is exactly fitted, but the rim of the wheel 
does not touch the circular wall of the well. The axis of the 
wheel afeends upwards into the mill-houfe, and the fpindle 
of the mill-ftone is fixed into it. A horizontal arch-way is 
conduced to the well fide ways, and above the part where the 
wheel is fituatod. This arch conveys the water into the 
well over the wheel ; and beneath the wheel there is a fimilar 
horizontal arch to carry away the water, after it has paffed 
through the wheel, that is, in the fpaces between its varies 
or floats. The weight of the water preffes upon them in a 
perpendicular direction, and the planes of thefe floats being 
all inclined to the horizon, the action of the preffure tends 
to turn the wheel round on its axis, by the lame a&ion us 
the fmoke upon the vanes of a jack, or like a wind-mill* 

The water is fupplied in fuch a body through the upper 
arch, that the well is always kept full, with a confiderablc 
depth of water prefling upon the wheel ; whilft the lower 
arch carries away the water fo freely, that it runs away 
from beneath the wheel a6 fall as it can pafs through the 
vanes of the fame. 

The mill deferibed by Belidor was at Touloufc, and 
contained a number of fuch wheels in a row, each giving 
motion to one pair of ftone 9 * 

Horizontal Machines moved by the Reaction of Water . — 
The reaction of water, iffuing horizontally through a fpout 
or orifice, may be employed to communicate motion to 
machinery ; and though this principle has not yet been 
adopted in practice, it appears from theory, and from fome 
detached experiments on a fmall fcale, that a given quantity 
of water, falling through a given height, will produce greater 
effefts by its reaction than by its impuife. If we fuppofe 
a vertical pipe of any given height, open at both ends, and 
that water is poured into it at the top, the water will iffue 
at the bottom of the pipe with a velocity proportioned in a 
certain manner to its altitude, becaufe every particle of water 
which iffues is preffed upon and impelled by the weight of 
all the particles which are above it. Now, fuppofe the 
pipe bent or curved at the bottom, fo that it will turn the 
ftream of water into a horizontal pofition ; in this cafe, the 
preffure and force, of which we have fpoken, will be de- 
Beftcd from the vertical dire&ion to the horizontal* Now 
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it is clear that the bent part of the pipe, or fome part of the 
interior furface of the tube oppofite to the orifice, muft fuf- 
tain all the preflure which is thus deflefted or tranfmitted in 
another dire&ion ; and if the tube is freely fufpended, it will 
retreat before this preflure, and be put in motion. If we 
fuppofe the tube to have no refiftance to motion, then it 
would receive all the motion of the water, which would not 
move at all after it iffued from the orifice, but the orifice 
and tube would move away from the water. This is an im- 
pofiible cafe, and in reality the motion of the effluent water 
will be divided between the pipe or tube and the iffuing 
water, in proportion to the refiftance with which each is 
loaded. Another and perhaps more familiar explanation is, 
that the water preffes againft every part of the interior part 
of the pipe, except againft the orifice or aperture, which is 
open ; and in confequence, the unbalanced preflure on the 
part oppofite to the orifice will tend to put the pipe in 
motion. A fky -rocket mounts in the air from a fimilar caufc. 

Dr. Barleys mill by the reaBion of water was the firft of 
this kind of machines, and is deferibed by Defaguliers, in 
1743. In his Experimental Philofophy, vol.ii. p.460, he 
calls it a machine to prove Mr. Parent’s propofition experi- 
mentally, viz. that an under-fhot water-mill does moft work, 
when the water-wheel moves with only a third part of the 
natural velocity ot the water that drives it. He fays, that 
Dr. Barker had this thought, and communicated it to him, 
faying, that it would be an experimental proof of Mr. Pa- 
rent’s propofition ; in confequence of which, Defaguliers 
made a working model of it, which he flu wed to the Royal 
Society, and the experiments upon it, at their meeting in 

I 74 2 * 

It confiits of an upright pipe or trunk, communicating 
with two horizontal branches, like an inverted T ; thus, jq. 
This perpendicular pipe is polled upon a pivot at the lower 
end, and the upper end is connected with the fpindle of the 
mill-ftone, or other machine to which it is to communicate 
motion. The top of the pipe is formed into a funnel, into 
which a ftream of w ater is conduced, and runs down the 
pipe : the water efcapea through a hole in each of the 
horizontal arms, which holes are near the ends of the arms, 
and open in oppofite directions, and in fuch a pofition that 
they will dire A the ftream of water horizontally, and nearly 
at right angles to the length of the arms. 

Stippofe water to be poured in at the top of the tube 
from the fpout, it will then run out by the holes at the ends 
of the arms, with a velocity cor tfponding with the depth 
of thefe holes beneath the furface of the water in the vertical 
pipe. The confequence of this muft be, that the arms 
muft be prefled backwards, for there is no folid furface at 
the hole 011 which the lateral preffure of the water can be 
exerted, while it adts with its full force on the infide of the 
tube oppofite to the hole. This unbalanced preffure, a&ing 
upon the oppofite fides of both arms, will make the tube 
and the horizontal arm revolve upon the fpindle as an axis. 

This will be more eafily underftood, if we fuppofe the 
orifices to be fliut up, and confidcr the preffure upon a cir- 
cular inch of the arm oppofite to the orifice, the orifice 
being of the fame fize. 

The preffure upon this circular inch will be equal to a 
cylinder of water, whofe bafe is one inch in diameter, and 
whofe altitude is the height of the fall ; and the fame force 
is exerted upon the Ihut-up orifice. Thefe two preffures 
being equal, and acting in oppofite dire&ions, the arm wiU 
remain at reft ; but as foon as the orifice is opened, the 
water will iffue with a velocity due to the height of the fall. 
The preffure of the water upon the orifice will now be re- 
moved, and as the preffure upon the circular inch oppofite 
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to the orifice ftill continues, the equilibrium will be de- 
ftroyed, and the arm will move in a retrograde dire&ion, 
unlefs it is withheld by fome force greater than that pref- 
fure. 

In the original model made by Defaguliers, the vertical 
tube was a cylindrical pipe, but the lower arms were of a 
fquare figure in their crofs fe&ion, and the apertures 
through which the water iffued were likewife of a re&an- 
gular figure, and provided with Aiders or fiuices, which 
were regulated by ferews fo as to increafe or diminifh the 
openings. 

It is clear that the machine muft prefs backwards, and 
there is no difficulty in underftanding the intenfity of this 
preffure, when the machine is at reft. But when it is al- 
lowed to run backwards, withdrawing itfelf from the pref- 
fure, the intenfity of it is dimini ftied ; and if no other cir- 
cumftances intervened, it might not be difficult to fay what 
particular preffure correfponded to any rate of motion. 
Defaguliers affirms the preffure to be the weight of a co- 
lumn, which would produce a velocity of efflux equal to 
the difference of the velocity of the fluid and of the machine : 
and hence he deduces, that its performance will be the 
greateft poffible, when its retrograde velocity is one-third of 
the velocity acquired by falling from the furface ; in which 
cafe, it will raiie ,* r ths of the water expended to the fame 
height. 

fiut this is not a perfe& account of the operation ; for 
the water which iffues defeends in the vertical trunk, and 
then moving along the horizontal arms, partakes of their 
circular motion. This excites a centrifugal force, which 
muft be exerted againft the ends of the arms by the inter- 
vention of the fluid. The whole fluid contained in the arms 
is fubjeft to this action, each part in a degree proportioned 
to its diftance from the axis, becaufe every particle is preffed 
with the accumulated centrifugal forces of all the fe&ions 
that are nearer to the axis. This increafes the velocity of 
revolution, and tin's mutual co-operation would feem to lead 
to a continual acceleration in the velocity of both motions. 
But, on the other hand, this circular motion muft be given 
anew to every particle of water, when it enters the hori- 
zontal arm. This can be done only by the motion already 
in the arm, and at its expence ; neither can the perpendicular 
tube furnifh an unlimited fupply. Thus there muft be a 
velocity which cannot be exceeded even by an unloaded 
machine. 

Improved Form of Dr . Barker’s Mill . — This confifts in 
introducing the fupply of water at the lower end of the 
tube, inftead of the upper end. It was firft propofed by 
M. Mathon de la Cour, in the Journal de Phyfique, 1775 > 
and the invention was, 20 years afterwards, claimed by a 
Mr. Ramfey, and very recently by M. Mannoury Deftot 
in France. This laft machine is very highly recommended 
by Meffrs. Perier, Prony, and Carnot, in a report to the 
Inflitute, from which we make the following extra£ta. 

The water is introduced into the revolving arms at the 
lower part, through the axle: the pipe which brings the 
water enclofes the pivot, upon which it turns. This water 
is brought to the refervoir through a curved canal, by means 
of which the revolving arms, ana the mill which it puts in 
motion, are placed by the fide of the refervoir, and neither 
above nor below it, which would much injure the working, 
and the fimplicity of the machine. By bringing the water 
from below, by means of a canal, the machine is reduced to 
a Ample water-wheel, the axis of which is fixed immediately 
to the moving mill-ftone. 

Although the water enters with little velocity into the 
revolving arms, it caufes them to turn very fail, becaufe 
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the apertures for its egrefs being much fmaller than thofe 
for its entrance, the velocity at tne entrance is reciprocally 
much fmaller than it is at the But this velocity at 

the egrefs is not an abfolutc motion 5 it is only a relative 
motion with refpedl to the tube from which it iflues, other- 
wife there would refult a fpontaneous augmentation of 
power, which would not agree with the principles of me- 
chanics. 

The apertures for the entrance and the egrefs of the water 
being proportioned as they ought to be, in order to obtain 
the greateft effe& ; then the report Hates, 

1. The rea6tion, that is, the force of preffure which a&s 
upon the revolving arms, at each of the apertures of egrefs, 
is equal to the weight of a column of water of the fame 
bafe as the aperture, and of the height of the level of water 
in the refervoir. 

2. The velocity of the rotation of the arms meafured at 
the fame points is to the velocity due to the height of the 
level of the water in the refervoir, as the aperture for the 
entrance of the water into the mill-wheel is to the fum of the 
apertures of egrefs. 

Whence it follows, by multiplying this force and this 
velocity, that the effeft produced by the machine in a given 
time is equal to the weight of all the water that the refervoir 
can furnifh during this time, by the height of the level of 
the water in the refervoir. Now this produd, it is well 
known, is the utmoft that can be obtained by the belt hy- 
draulic machines. 

This difpofition of Dr. Barker’s machine has a confider- 
able advantage, which is, that the column of water which 
enters into the arms, by preffing from below on the part 
above, with all the weight of the refervoir, fuftains a great 
part of the weight of the machine, and consequently greatly 
diminifflea the fri&ion of the pivot againft the locket in 
which it turns ; while, on the contrary, when the water 
enters at the top, as in the old reading machines, which is 
already very heavy of itfelf, this flowing water confiderably 
augments the weight, and confequcntly the rcfiftance. 

This difpofition cannot be ufed, except where the bulk of 
water is not very confiderable. 

As the arms turn, while the conduit which brings the 
water is immoveable, the pipe that brings the water to enter 
the collar of the arms is rather lefs than the collar, fo as to 
leave very little play between them, and is made tight by 
furnifhing this fmall interval with a leather collar. Another 
method is by furnifhing the tube at bottom, which is fixed, 
and the moveable collar of the wheel, with feveral cylindrical 
and concentrical furfaces, which fit one into the other with- 
out touching. The water fills the deep and clofe grooves 
formed by the cylindrical furfaces, and is fufficient to pre- 
vent that which is forced into the wheel from efcaping by 
the Tides. 

Dr. Robinfon deferibes a fuperior method of making fuch 
a joint, as will admit of a free motion, without any lofs or 
leakage. This is to make the fixed and moveable tubes 
very true at the joints, fo that one enters into the other, but 
do not touch. The two tubes are to be made exadly of 
the fame diameter withinfide at the joint, fo that a band of 
thin leather can be applied withinfide of the joint, to cover 
the crevice ; this mirft be fixed to the interior of the fta- 
tionary tube, and the revolving part being fmooth within- 
fide, will have very little fri&ion, as it is only rubbed by 
the leather ; but there can be no leakage at tne joint, be- 
caufe the water will prefs the leather clofe to the moving 
tube, but as much water will get in between the leather ana 
the moving tube as to make it move fmoothly. 

Theory of Barker’s Mill . — This is a moft delicate fubjedl, 
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and upon which it does not appear that fufficient experi- 
ments have been made to found a certain theory. 

Mr. Waring, of the American Philofophical Society, has 
given a theory of Barker’s mill with the laft -mentioned im- 
provement, and, contrary to every other philofopher, he 
makes the effed of the machine equal only to that of a 
good underfhot wheel, moved with the fame quantity of 
water falling through the fame height. 

Mr. Gregory, in his Mechanics, vol. ii. has given this 
paper with fome corredions, and recommends it as the heft 
theory. The following rules, deduced from his calculus, 
may be of ufe to thofe who may wilh to make experiments 
on the effect of this interfiling machine. 

1. Make each arm of the horizontal rotatory tube or 
arm of any convenient length, from the centre of motion to 
the centre of the apertures, but not lefs than one-third (orie- 
ninth according to Mr. Gregory) of the perpendicular 
height of the water’s furface above their centres. 

2. Multiply the length of the arm in feet by .6136, and 
take the fquarc root of the product for the proper time of 
a revolution in feconds, and adapt the other parts of the 
machinery to this velocity ; or if the required time of a re- 
volution be given, multiply the fquarc of this time by 1.629 
for the proportional length of the arm in feet. 

3. Multiply together the breadth, depth, and velocity per 
fccond, of the race, and divide the laft product by 18.47 
times ( 14.27 according to Mr. Gregory) the fquare root of 
the height, for the area of either aperture. 

4. Multiply the area of cither aperture by the height of 
the fall of water, and the product by 41* pounds (55*775 
according to Mr. Gregory ) for the moving force, eftimated 
at the centres of the apertures in pounds avoirdupois. 

5. The power and velocity at the aperture may be cafily 
reduced to any part of the machinery by the fnnplcft me- 
chanical rules. 

The only account we have of an adual machine, except 
the firil model by Defaguliers, is by M. Mathon de la Cour, 
who faw one at Bourg Argent at, of the following dimen- 
fions. Length of the revolving arms feven feet eight inches, 
and diameter three inches ; diameter of each orifice inch ; 
fall of water, from the level furface in the refer voir to the 
apertures in the revolving arms, twenty -one feet. The water 
was introduced at the lower end of the revolving axis, 
through an opening of two inches, the two furfaces being 
fitted together by grinding. 

When this machine was performing no work, and emitted 
water by one hole only, it made 115 turns per minute. 
This gives a velocity of (24 feet circumference x 11c = ) 
2760 hat per minute for the hole j but the effluent velocity 
by theory would be only 2215 feet per minute at 21 feet 
height, and in reality would be little more than fix -tenths of 
that velocity, or about 1370 feet per minute. , Dr. Robin- 
fon fuppofes even this to be much left than the velocity with 
which trie water ifl’ued from the pipe, as we may readily be- 
lieve, becaufe ail the force of the machine was expended in 
working like a centrifugal pump, to draw the water out of 
the pipe of fupply, with a velocity greater than that with 
which it would run by the preflure of the column alone. 
The empty machine weighed 80 pounds, 28-5 pounds of 
which would be borne up by the preflure of the column of 
2 1 feet on a two-inch bafe, fo that the fridion of the pivot 
would be much diminilhed. We have no account of any 
work done by the machine, as it was only employed to turn 
a ventilator for a large hall. 

Euler’s Machine to ad by the Reaflion of Water . — His ma- 
chine confifts of a hollow conchoidal ring, that is, a folid 
fliaped juft like a large church bell. Suppofc alfo another 
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bell, of fmaller dimenfions, plaoed within the former, and 
leaving a fpace all round between the two, the two bells 
are* joined at the lower edges, fo that the water cannot 
efcape from the fpace between them. This machine is 
mounted on a perpendicular axis, and on the top is a fort of 
funnel bafon, which receives the water from the fpout, not 
in the diredion pointing towards the axis, but in the direc- 
tion of a tangent, and the water is delivered with the pre- 
cife velocity of the wheel’s motion. This prevents any re- 
tardation by dragging forward the water. The water pafTes 
down from the funnel or bafon between the outer conchoid 
or bell, and the inner conchoid, through fpiral channels 
formed by partitions foldcred to both conchoids. The 
curves of thefe channels are determined by a theory which 
aims at the annihilation of all unneccfl'ary and improper motions 
of the water, but which is too abttrufe to find a place here. 
The water thus conduced arrives at the bottom of the 
fpace between the two bells. On the lower circumference 
of this bottom is arranged a number of fpouts, one from 
each fpiral channel, which are all dirc6ted horizontally, and 
turned one way in tangents to the circumference. 

The fame effe&s will be produced, if we fuppofe only 
one bell, with a number of tubes or pipes wound in a fpiral 
diredion round its external circumference, the lower ends 
of each tube being turned horizontally, and in the direction 
of tangents to the circle which it deferibes, alfo the upper 
or higher extremities of the tubes, conneded with a circu- 
lar fuperficies into which the water flows from a refervoir. 
When the machine has this form, it has been (hewn by Al- 
bert that the effed will increafe as the velocity is augmented, 
and that the maximum effed would be produced if the ve- 
locity could be infinite, and that then the effed would be 
equal to the power. A confiderablc portion of the power 
mull, however, be confumed, in communicating to the fluid 
the circular motion of the tubes ; and, as the portion thus 
loll mull increafe with the velocity of the tubes, the effed 
will not in reality fullain an augmentation from an increafe 
of velocity, beyond a certain point. 

It is plain that this form of the machine mull be a moll 
cumbrous mafs ; even in a fmall iize and height it would 
require a prodigious veflel, and mult carry an unwieldy load. 
If we examine the theory which recommends this conllruc- 
tion, we find that the advantages, though real and fenfible, 
bear but a fmall proportion to the whole performance of the 
Ample machine, as invented by Dr. Barker. It is therefore 
to be regretted, that engineers have not attempted to realize 
the firft projed. 

Machines actuated by the Weight of Water . — The principal 
of thefe are breaft -wheels, overfhot- wheels, chains of buckets, 
and preflu re -engines. All thefe have an eflential difference 
from the machines which we have yet deferibed, becaufe the 
water is prevented from defeending, unlefs the machine 
moves before the water. This is not the cate with the ma- 
chines which receive their motion from the impulfe of the 
water, becaufe the water is fuffered to defeend and acquire 
its full velocity before it flrikes the machine. 

In rcafoning without experiment, we might be led to 
imagine, that, however different thefe modes of application 
arc, yet whenever the fame quantity of water defcend8 
through the fame perpendicular fpace, the effective powers 
of two machines, which are aduated by fuch fall of water, 
would be equal, provided that the machines were free from 
fridion, and equally well calculated to receive the full effed 
of the power of water, and to make the moll of it. 

For if we fuppofe the height of a column of water to be 
thirty inches, and that it refts upon a bafe or aperture of 
one inch fquare, then every cubic inch of water that departs 
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from the lower end of the column will acquire the fame 
velocity of motion, from the uniform preiTure of the thirty 
cubic inches which are above it, that one cubic inch let fall 
from the top would acquire in falling down to the level of 
the aperture, viz* fuch a velocity as m a contrary direftion 
would throw or project it to the level from whence it fell, 
the weights and velocities in both thefe cafes being equal, the 
produ&s, or what we have called mechanical powers, will 
alfo be equal. We might therefore be led to fuppofe, that 
a cubic inch of water, let fall through a fpace of thirty 
inches, fo as to inpinge upon a folid body, would be capa- 
ble of communicating thereto an equal motion or mechanical 
effedt by collifion, as if the fam6 cubic inch had defcended 
through the fame fpace with a flower motion, and produced 
the cited gradually ; for in both cafes gravity ads upon an 
equal quantity of matter through an equal fpace. 

It is true tnat the gravitating force adfcs a longer fpace of 
time upon the body that defcends flowly, than upon the 
other which falls quickly ; but this cannot occafion the dif- 
ference in the effed : for we find by experiment, that an 
elaftic body falling through any given fpace will, by collifion 
upon another elaftic body which is fixed, rebound nearly to 
the height from which it fell : or, by communicating its 
motion to a body equal to itfelf, will caufe that body to 
afcend to the fame height. On thefe principles we might 
conclude, as fome authors have done, tnat whatever was the 
ratio between the power and effed in under fhot wheels, the 
fame would hold true in overfhot, and indeed in all others. 

However conclufive this reafoning may feem, it will ap- 
pear, in the courfe of the following dedu&ions, that the 
effed of the gravity of defcending bodies is very different 
from the effect of the ftroke, of fuch as are non-elajlic , 
though generated by an equal mechanical power. 

It is true that, in the cafes we have above fuppofed, the 
power of the fall of water is the fame ; but the problem 
propofed to the engineer is, to obtain from it all or as 
much as poflible of the power, and render it applicable to 
fome ufetul purpofe. We have already given our definition 
of power , that it is weight v or matter compounded with 
motion. Now to obtain ail the power from any ft ream of 
water, we muft abftrad from it all its weight and all its 
motion. In underfhot wheels, or any otherB moved by the 
impulfe of the water, ike cannot come near this, becaufe 
we have already {hewn, that the greateft effed is produced, 
when the velocity of the wheel is two-fifths of the velocity 
of the moving water. The water, after it has finifhed its 
effed, is difcharged with that velocity ; hence it retains 
and carries away with it three-fifths of its original power. 
Neither can we obtain the full effed of the weight of the 
water, for another lofs is fuftained, in the change of figure 
which the water experiences, when it ftrikes the float-board. 
This is much greater than is ufually fuppofed, in confidering 
machines, although it muft be familiar to any one who con- 
fidera the refiftance of a boat, or other body, when drawn 
through water. No weight is raifed in thefe cafes, unlefa 
the motion be rapid, (fo as to raife a wave before the moving 
body ; ) but all the power is expended in changing the figure 
of the water, by dividing the particles, and putting them 
in new pofitions, fo that the body can pafs between them. 

It is to this fource that we muft look, for the difference 
between two-fifths of the power, which we find is abftraded 
from the whole power of the water by an underfhot-wheel, 
and one-third of the power, which is the utmoft we can ob- 
tain by means of an underfhot wheel. 

In the other clafs of machines, which are aduated by the 
weight of water, we can obtain a much greater fliare of the 
power of the defcending water. The weight of the water 


is borne by the machine, which muft therefore receive the 
whole weight of the water, and the lofs is chiefly in the 
motion which the water ftill retains after departing from or 
quitting the machine j but as we are not confined, as in the 
former inftance, to any fixed velocity of motion for the 
wheel, we may make it move almoft as flowly as we pleafe, 
fo that the water will carry away with it a very fraall fhare 
of the velocity which it would have acquired by falling 
through the height of the fall. Indeed, if we could fup- 
pofe a wheel to be without fridion, and no water to leak 
or efcape from thofe veffels, or parts of the wheel which 
contain the water, it would be poflible to obtain an effed 
from it very nearly equal to the power. 

Breajl -Wheels * — Thefe are very commonly called under- 
fhot wheels, becaufe the water runs beneath the wheel, but 
improperly, becaufe the water does not fhoot againft the 
floats of the wheel, or at leaft the principal power is derived 
from the weight of the water. A breaft- wheel partakes of 
the nature of both an overfhot and an Underfhot, and is con- 
ftruded as is reprefented in fig* i. Plate I. of Water-wheels . 
The lower part of the wheel is furrounded by a curved wall 
or fweep of mafonry, which is made concentric with the 
wheel, and the float* boards of the wheel are exadly adapted 
to the mafonry, fo as to pafs as near as poflible thereto with- 
out touching it ; and the fide walls are in like manner 
adapted to the end of the float -board or Tides of the wheel* 
the intention being, that as little water as poflible (hall be 
able to pafs by the float-boards without caufing the boards 
to move before it. The water is poured upon the wheel 
over the top of the brealling at I, the efflux from the mill- 
dam R being regulated by the fluice or fhuttle M, which is 
placed in the diredion of a tangent to the wheel, and is pro- 
vided with a rack N, and pinion P, by which it can be 
drawn up fo as to make any required degree of opening, and 
admit more or lefs water to flow on the wheel. 

The water firft ftrikes on the float, and urges it by its 
impulfe ; but when the floats defeend into the fweep, they 
form as it were clofe buckets, each of which will contain a 
given quantity of water, and the water cannot efcape from 
thefe buckets except the wheel moves, at leaft this is the in- 
tention, and the wheel is fitted as clofe as it can be to the 
race with that view. Each of the portions of water con- 
tained in thefe fpaces bears partly upon the wall of the 
fweep, and partly upon the floats of the wheel ; and its pref- 
fure upon the floats, if not exceeded by the refiftance, will 
caufe the wheel to move ; hence the adion upon all the 
floats which are within the fweep of the brealling is by the 
weight of the water alone $ but the water is made to im- 
pinge upon the firft float-board with fome velocity, becaufe 
the furface of the water in the dam K is raifed confiderably 
above the orifice beneath the fhuttle where the water 
iffues. 

The upper part of the fall at I is rounded off to a feg- 
ment of a circle called the crown of the fall, and the water 
runs over it. The lower edge of the fhuttle when put down 
is made to fit to this curve, fo as to make a tight joint ; and 
in confequence when the fhuttle is drawn up, the water will 
run between its lower edge and the crown in a fheet or 
ftream which ftrikes upon the firft float that prefents itfelf, 
nearly in a direction perpendicular to the plane of the float- 
board, or of a tangent to the wheel. The float-boards of 
the wheel are direded to the centre, but there are other 
boards placed obliquely which extend from one float-board 
to the rim of the wheel, and nearly fill the fpace between 
one float-board and the next. Thefe are called rifing-boards, 
and the ufe of them is to prevent the water flowing over the 
float-board into the interior of the wheel ; but the edges of 
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thefe board* are not continued fo far as to join to the back 
of the next float, becaufe that would make all the boards of 
the wheel clofe, and prevent the free efcape of the air when 
the water entered into the fpaces between the floats. 

As the water ftrikes with fome force, the rifing-board is 
very neceffary, to prevent the water from dafhing over the 
float-boards into the interior of the wheel. 

This is the form of bread-wheel employed by Mr. 
Smeaton in the great number of mills which he condru&ed ; 
but although he fpeaks of the impulfe of the water ftriking 
the wheel, he always endeavoured to make the top of the 
breading or crown of the fall as high as poflible, fo as to 
attain the greateft. fall and the lead of the impulfive a&ion. 
All rivers and dreams of water are fubjeA to variation in 
height from floods or dry feafons, and in fome this is very 
confiderable ; it was therefore neceffary to make the 
crown I of the fall at fuch a height as that in the lowed 
date of the water R, it would run over the crown in a fheet 
of three or four inches in thicknefs, and work the wheel. 
When the water rofe higher in the mill-dam, it would then 
have a preffure to force it through, and in that cafe would 
drike the wheel fo as to impel it by the velocity. 

Mr. Smeaton was well aware that the power communi- 
cated by this impulfe was very fmall. In fome cafes, where 
the water was very fubje& to variation, he ufed a falfe or 
moveable crown, that is, a piece of wood which fitted to the 
crown I, and raifed the furface thereof a foot or more, fo as 
to obtain the greated fall when the water dood at a mean 
height ; but when the water funk too low to run over this 
moveable crown, it could be drawn up to admit the water 
beneath it. This effe6t has fince been produced in a more 
perfe6t manner by making the crown of the fall a moveable 
fhuttle, to rife and fall according to the height of the water in 
the mill-dam, by which means the inconvenience before- 
mentioned is avoided. 

Improved Breaji -wheel, in which the Water runs over the 
Shuttle . — Fig . 7. is a fe&ion of one of this kind. A is the 
water which i6 made to flow upon the float-board B, and 
urges the wheel by its weight only, the water being pre- 
vented from efcaping or flowing off the float-boards by the 
bread or fweep D f), and the fide -walls which indole the 
floats of the wheel. The upper part of the bread D D i* 
made by a cad -iron plate, curved to the proper fweep to 
line with the done-work. On the back of the cad-iron plate 
the moving fhuttle e is applied ; it fits clofe to the cad-iron 
fo as to prevent the water from leaking between them, and 
the water runs over its upper edge. F is an iron groove or 
channel let into the mafonry of the fide-walls, and in tliefe, 
the ends of the Aiding fhuttle are received ; f is an iron 
rack, which is applied at the back of the fhuttle, and afeends 
above the water-line where the pinion g is applied to it 
to raife or lower the fhuttle. The axis of the pinion is fup- 
ported in a frame of wood II; h H is a toothed fe&or and 
balance-weight, which bears the fhuttle upwards, or it might 
other wife fall down by its own weight, and put the mill in 
motion when not intended. G is a drong planking, which is 
fixed acrofs between the two fide-walls, and retains the water 
when it rifes very high, as in time of floods ; but in com- 
mon times the water rifes only a few inches above the lower 
edge of the planking. When the fhuttle is drawn up to touch 
thi3 lower edge, the water cannot efcape 5 but when the 
fhuttle is lowered down, it opens a fpace e through which 
the water flows upon the float-boards of the wheel. This 
was the form fird adapted for the falling-fhuttle, but its 
conftru&ion has fince been much improved. 

Fir* 4 . Plate II. is a fedfcion of the mod improved form 
for thread- wheel, taken from the Royal Armoury Mills, at 
Vo l. XXXVIII. 
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Enfield Lock, erefted by Meffrs. Lloyd and Odd. Tfc 
general defeription of this, is like the former, but it is coii- 
ftrufted in a better manner, and unites ftrength with dura- 
bility. The bread of mafonry is furmounted by a cad -iron 
plate A 2^ feet high, winch is let into the malonry of the 
iide walls at each end, and the lower part is formed with a 
flanch, by which it is bolted to the done-bread at top. 
This plate is made draight at the back for the fhuttle B to 
lie againd, and it Aides up and down. The ends of the gate 
are guided by iron groove pieces or channels which are let 
into the done-work of the fide walls, and being made wedge- 
like, they fix the ends of the cad-iron bread fad in its place. 
The grooves are not upright, but inclined to the perpendicu- 
lar fo much, that the plane of the gate is at right angles to 
a radius of the wheel drawn through the point where the 
water falls upon the wheel. D is a drong pLni: of wood, 
extended between the iron grooves jud over .he fhuttle. 
When the fhuttle is drawn up it comes in contad with the 
lower fide of this piece of wood, and dops the water ; but the 
piece D is fixed at fuch a height, that the water will run 
clear beneath it, unlefs its furface rife* above its mean 
height. 

The float-boards of the wheel do not point to the centre 
of the wheel, but are fo much inclined thereto that they are 
exa&ly horizontal at the point where the water fird flows 
upon them. In this way, the gravity of the water has its full 
effe& upon the wheel, and tne boards rife up out of the 
tail-water in a much better pofition, than if they pointed to 
the centre of the wheel ; and this is more particularly ob- 
fervable when the wheel is flooded by tail-water penned up 
in the lower part of the race, fo that it cannot run freely 
away from the wheel. The dimenfions of this wh el are as 
follow: — Diameter 18 feet to the points of the floats, and 14 
feet wide ; the float-boards are 40 in number, each 16 inches 
wide, and each rifing-board 11 inches wide. The wheel is 
formed of four cad-iron circles or wheels, each 14 feet 
inches diameter, placed at equal didances upon the central 
axis, which is 14 feet 8 inches long between the necks or 
bearings, and 9 inches fquarc ; the bearing-necks are 9J 
inches diameter. The wheel is calculated to mftke four re- 
volutions per minute, which gives near 3$ feet per fecond for 
the velocity with which the float-boards move. The fall 
of water is fix feet, and the power of the wheel, wh n n the 
fhuttle is drawn down one foot perpendicular, equal to 
28-horfe power. 

Breajl-Whcel with two Shuttles, — In this wheel the piece 
of wood marked D in the laft figure, is fitted into the groove 
of the fhuttle, and is provided with racks and pinions to 
Aide up and down, independently of the lower fhuttle. 
The intention of this is, to make the lower fliuttle rife and 
fall, according to the height of the water, fo that the water 
fhall always run over the top of it, in the proper qrantity 
to work the mill with its required velocity, whild the upper 
fhuttle is only ufed to dop the mill by fhutting it down 
upon the lower fhuttle, and preventing the water from run- 
ning over it. This plan is ufed when the mill is to be regu- 
lated by a governor, or machine to govern its velocity ; in 
that cafe the governor is made to operate upon the lower 
fhuttle, and will raife it up, or lower it down, according as 
the mill takes too much or too little water, and this regulates 
the fupply 5 but the upper fhuttle h ufed to dop the mill, 
and by this means the adjudment of the lower fliuttle is not 
dedroyed, but when fet to work again, it will move with ‘ta 
required velocity. Fig . 3. Plate II., Water -wheels , is a Sec- 
tion of one of the water-wheels at the cotton-mills of Meffrs. 
Strutt, at Belper, in Derbyfhire. The width of this wheel 
is very great, and to render the (buttles A B firm, a drong 
M 
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grating of ctft-iron, it fixed on tbe ton of the breaft K, and 
the (buttles are applied at the back ot the grating E, fo as 
to Hide up and down againft it, the ftrain occafioned by the 

I ireiTure of the water being borne by the grating. The 
ower fhuttle ia moved by means of long fcrews, a, which 
have beviiled wheelt, b t at the upper ends, to turn them, 
by 9 k connection of wheel-work with the wheel-work of the 
mill. The upper fhuttle, A, is drawn up or down by 
racks and pinions, r, which are turned by a winch, or handle. 
The bars of the grating E are placed one above the other, 
like (helves, but are not horizontal ; they are inclined, fo 
that the upper furfaces of all the bare form tangents to an 
imaginary circle of one-third the diameter of the wheel 
defcribed round the centre thereof. Thefe bars are not 
above half an inch thick, and the fpaces between them are 
2^ inches. The bars are of a confiderable breadth, the ob- 
jeCk of them being to lead the water, with a proper flope, 
from the top of the lower fhuttle A to flow upon the floats 
of the wheel. This difpofition allows the fhuttles to be 
placed at fuch a diftance from the wheel as to admit very 
iirong upright bars of caft iron to be placed between the 
wheel and tnc fhuttles, for the fhuttles to bear againft, and 
prevent them from bending towards the wheel, as the great 
weight of water would otherwife occafion them to do. 
Thefe upright bars are very firmly fixed to the ftone-work 
of the breaft at their lower ends, and the upper ends are 
faftened to a large timber, D, which is fupported at its 
ends in the fide walls, and has a trufs-framing applied to the 
back of it, like the framing of a roof, to pfevent it from 
bending towards the wheel. The upright bars are placed 
at diftances of five feet afunder, fo as to fupport the fhut- 
tles in two places in the middle of their length, as well as 
at both ends ; and large rollers are applied in the fhuttle, 
where it bears againft thefe bars, to diminifh the friction, 
which would otherwife be very great. 

Thefe precautions will not appear unneceflary when the fize 
of the work is known. The wheel is 2i£ feet in diameter, 
and 15 feet broad ; the fall of water is 14 feet, when it is at 
a mean height 5 the upper fhuttle is feet high, and 15 feet 
long $ the Tower fhuttle is 5 feet high, and the fame length, 
fo that it contains 75 fquare feet of fur face expofed to the 
preflure of the water : now taking the centre of prefTure at 
two-third6 of the depth, or 3^ feet, we find the prefTure equal 
to that depth of water a&ing on the whole furface ; that is, 
the weight of 35* cubic feet of water = 208 lbs. bears on 
every fquare foot of furface, which is equal to 15,600 lbs., 
or near 7 tons on the lower fhuttle only ; but if we take the 
two fhuttles together, the furface is 112 fquare feet, and 
the mean prefTure 312 lbs. upon each, or 16 tons in the 
whole. The wheel has forty float-boards pointing to the 
centre. The wheel is made of caft -iron. There are two 
wheels of the dimenfions above ftated, which are placed in a 
line with each other, and are only feparated by a wall which 
fupports the bearings 5 for they work together as one wheel, 
and the reparation is only to obviate the difficulty of making 
one wheel of fuch great breadth as 30 feet, though this is 
not impoflible, for there is a wheel in the fame works 40 feet 
in breadth, but it is of wood and not in iron, framed in a 
particular manner, as we (hall foon deferibe. 

Mr . Buchanan's Bucket Water-Wheel for a low Fall . — We 
have already fhewn, that where water can be made to ad 
on a wheel by weight, it is much more effedual than when 
the fame water is made to ad by impulfe 5 and we (hall fhew 
this more fully in fpeaking of overfhot-wheels. 

Where the fall is lefs than half the diameter of the 
wheel, if the buckets are made in the ufual form of the 
buckets for overfhot-wheels, the difficulty of filling them 
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with water, and the fhort time they are able to retain the 
water, are fuch great defeds, chat in fuch cafes breaft > 
wheels, with open float-boards, fuch as we have defcribed, 
have been found in pradice to be more advantageous than 
bucket-wheels. 

Mr. Buchanan fuggefts, that, by adopting another form 
of the buckets, they might be lo made as to be eafily filled, 
and at the fame time capable of retaining the water in a 
fituation to produce nearly its full effed altogether by 
weight, on a low fall. 

In a wheel of this con Ilf ud ion, contrary to the ufual 
pradice, the water muft be poured into the buckets from 
within the circle of buckets inftead of from without the cir- 
cle of buckets. How the filling of the buckets from with- 
in can be accomplifhed may not at firft be obvious ; but it 
may be done without the pentrough, which fupplies th* 
water, making any interference with the arms of the wheel, 
if it is conftrufted as fhewn in Jigs* 4. and 5. Platel. Water- 
wheels. Fig. 4. is an horizontal fedion of the wheel, and 
plan of the pentrough $ and Jig . 5. an elevation of the 
water-wheel. 

The buckets in the figure, empty themfelves by means of 
apertures on the outfide of the wheel, which are the whole 
length of the buckets, but no wider than juft fufficient to 
difeharge the water from the buckets when they arrive at 
the bottom of the wheel, and before they begin to afeend. 
A A is the pentrough, into which the fupply of water is 
conduded. From B to C a part of the wheel is reprefented, 
with the fhrouding removed, to fhew the form of the 
buckets, and the fituation of the water in them ; a, a, a , are 
the apertures by which the water efcapes from the buckets ; 
b the aperture by which the water enters from the pentrough 
to the buckets. The plan, Jig. 4., (hews, that the arms, N N, 
of the wheel, and the circular rims which fupport the 
buckets, occupy only a fmall part of the breadth of the 
circular ring of buckets M ; fo that about one-third of the 
length of the buckets at each end is expofed on the infide 
of the circle, and againft thefe parts the penftock is applied, 
as fhewn at A A, and the arms and rim of the wheel, move 
clear of it ; but the buckets, as they pafs, receive water, 
which flows in a continual ft ream at the orifices, b , b , of the 
pentrough ; the buckets there become filled from the infide. 
The partition -boards or plates which form the buckets are 
reprefented by the white lines in Jig. 5., and are fo fhaped, 
that they will retain nearly the whole of the water until they 
arrive at the loweft a ; the water then begins to efcape, and 
by the time that each bucket arrives at the loweft point of 
the wheel, it will have difeharged all the water, and will rife 
up empty. 

This ia a truly ingenious contrivance ; but wc fear that in 
the execution it would prefen t many difficulties, particularly 
the ring of buckets M, which could not, we think, be fo 
firmly affixed, fupported by the narrow bearing of the two 
rings and arms N, as to preferve their circular figure for 
any great length of time ; and any bending or warping of 
fuch a heavy mafs as a water-wheel will loon deftroy it. 
Neither is the advantage which could be derived from re- 
ceiving the water in clofe buckets, inflead of open float- 
boards, fo great as is generally imagined. 

On the Power and Ejfcft of Br call -wheels, — W e (hall 
fully examine the different encdU of the power of water, 
when ading by its impulfe and by its weight, under the 
title of overjhot -wheels. In breaft-wheeis of the common 
conftruftion, the effefts of impulfe and weight are com- 
bined ; but what is there defcribed being carefully attended 
to, the application of the fame principles in thefe combined 
cafes will be eafy. 
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All kind* of machines, where the water cannot defcend 
through a given fpace, unlefs the wheel moves therewith, 
are to be confidered as of the fame nature with overfhot- 
wheels, and equal in power and effedi to an over {hot- wheel, 
in which the perpendicular height that the water defcends 
from is the fame. All thofe machines that receive the im- 
pulfe or fhock of the water, whether in an horizontal, per- 
pendicular, or oblique direction, are to be confidered of the 
tame nature as underfhot-wheels.* Therefore, in a wheel 
which the water ilrikes at a certain point below the fur- 
face of the water in the mill-dam, and after that de- 
fcends in the arc of a circle, prefling by its gravity upon the 
floats of the wheel, the power will be equal to the effedi of 
an underfliot-wheel, whole fall is equal to the difference of 
level, between the furface of the refervoir and the point where 
it ftrikes the wheel, added to that of an over/hot, whofe 
height is equal to the difference of level between the point 
where it ilrikes the wheel and the level of the tail-water. 

It is here fuppofed that the wheel receives the fhock of the 
water at right angles to its radii, and that the velocity of its 
circumference is properly adapted to receive the utmoft ad- 
vantage of both thefe powers ; otherwife a red u& ion mu ft 
be made on that account. 

Mr. Oftel, an experienced engineer, informs us, that the 
velocity of the water-wheel's circumference fhould always be 
between three and four feet per fecond ; but he has not been 
able to determine which of thefe two velocities is the beft, 
except in cafes where a wheel is fubjedl to be flooded 
tail -water ; and in that cafe four feet per fecond is beft. 
Mr. Smeaton advifed 3I feet. 

On overfhot Water-Wheels — An overfhot -wheel is Amply 
a circular ring of open buckets, fo difpofed round the cir- 
cumference of a vertical wheel, as to receive the water from 
a fpout placed over the wheel in fuch a manner, that the 
buckets on one fide of the wheel (hall be always loaded with 
water, whilft the other fide is empty : in confequence, the 
loaded fide will caufe it to defcend ; and by this motion the 
water runs out of the lower buckets, while the empty 
buckets of the riling fide of the wheel, in their turn come 
under the fpout, and are filled with water. 

A machine fo fimple does not appear to prefent any diffi- 
culties in its execution, which (hould require any application 
of theoretic reafoning to remove them ; but in reality it is 
a matter of fome delicacy to conftrudt a wheel in fuch a man- 
ner as to obtain the greateft effect from a given fall of water. 

It is probable, that theearlieft overlhot water-wheels con- 
fifted of a number of wooden boxes or bowls, fattened on 
the circumference of the wheel ; but thefe would foon give 
place to a better mode of conftrudtion, in which the cir- 
cumference of the wheel being furrounded by a circular 
ring at each fide, the fpace between them was divided into 
feparate buckets by partition -boards. Thefe partitions 
did not point to the centre of the wheel in the direc- 
tion of radii, but were inclined thereto nearly in an angle 
of forty-five degrees. By this means, the water which 
iffued from the fpout of the trough above, nearly in an 
horizontal dire&ion, as a tangent to the wheel, would run 
into the buckets, and fill them as they arrived in fucceflion 
at the top or higheft point of the wheel 5 but as the 
buckets changed their pofition by the defeending-motion 
of one fide of the wheel, they would become inclined, and 
the water contained in the buckets would begin to run 
over the edges of the partitions between the buekets, and 
by the time the bucket arrived at the bottom point of the 
wheel, the whole of the water would be run out and leave 
tbt bucket empty, and they would remain empty whilft 
they afeended on the oppofite fide of the wheel. By this 
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means, a con ft ant preponderance of ont fide of the wheel 
would be kept up by the water falling into the buckets at 
the top of the wheel, and flowing from it at the bottom. 

The points chiefly to be confidered in conftru&ing an 
overftiot-wheel are, firft, that the water /hall be applied 
on the circumference of the wheel, fo as to be incapable 
of defeending without communicating motion to the wheel, 
until the water has defeended to its loweft pofition, and 
that it (hall then quit the wheel entirely 5 fecondlv, that 
the utmoft height of fall (hall be attained and ufefnlly em- 
ployed ; and thirdly, that the load or refiftance to the 
motion of the wheel (hall be fo adapted and proportioned 
to the weight of water which is applied in the defeending- 
buckets of the wheels, that the wheel will move (lowly ; 
becaufe we have before (hewn, that whatever velocity the 
wheel moves with, fo much velocity the water mull retain 
when it quits the wheel, aqd will thus carry away fome 
power with it. 

We lhall now proceed to confider all the particulars 
which contribute to the attainment of thefe objects, taking 
Mr. Smeaton for our guide, and only adding fuch obfer- 
vations as appear neceflary to render his maxims more 
clear. 

I* On the maximum Ejfetil whkh ean he obtained from a 
Fall of Water by Means of an overjhot Wheel. — The effedlive 
power of the fall of water muft be reckoned upon the 
whole defeent, becaufe it muft be raifed that height, in 
order to be in a condition to produce the fame effeA a 
fecond time. The ratio between the powers of the falling 
water fo eftimated, and the mechanical effedls produced 
by the wheel at the maximum, deduced from the mean 
of feveral of Mr. Smeaton's experiments, is as 3 to 2 
nearly. We have before, in our obfervations upon the 
effedls of under(hot-wheel8, (hewn that the general ratio of 
the power to the effedi, when greateft, was 3:1. The 
effedi, therefore, produced by an overfhot -wheel, under the 
fame circumftances of quantity and fall of water, is at a 
medium, double that produced by an underlhot. From 
this, it appears that non«elaftic bodies, when adling by their 
impulfe or collifion, communicate only a part of their ori- 
ginal power ; the other part being fpeut in changing their 
figure in confequence of the ftroke. 

The ratio of the power to the effedi, computed upon the 
height of the wheel only, was, at a maximum, as 10 ; 8, 
or as */, becaufe Mr. Smeaton made the wheel of 

a lefs height than the fall of water, in order to allow fome 
run or defeent of the water through the fpout or trough, 
which condudled it into the buckets of the wheel. We 
find the ratio, between the power and effedi, to continue 
the fame, in cafes where the conilrudlions are fimilar ; hence 
we muft infer, that the effedts, as well as the powers, are as 
the quantities of water and perpendicular heights multiplied 
together refpedlively. 

II. On the mojl proper Height of the Wheels in Proportion 
to the whole Defeent . — The preceding observation (hews, that 
the effedi which can be obtained from the fame quantity of 
water, defeendir g through the fame perpendicular fpace, is 
double when it is made to adl by its gravity upon an over- 
(hot-wheel, to what could be obtained from it when made 
to adl by its impulfe upon an under(hot-wheel. 

Hence it follows, that the higher the wheel is, in propor- 
tion to the whole defeent, the greater will be the effedi j 
becaufe an overihot-wheel depends lefs upon the impulfe of 
the water when it firft ftrikes the wheel, and more upon the 
gravity of the water in the buckets. The water which is con- 
veyed into the buckets can produce very little effedi by its 
impulfe, even if its velocity be great ; both on account of 
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the obliquity with which it (trikes the buckets, and in confe- 
quence of the lofs of water occafioned by a confiderable 
quantity of fluid being dafhed over their fides. Inftcad, 
therefore, of expecting an increafe of efFeft from the im- 
pulfe of the water occafloned by its fall through fome part 
of the whole height, we (hould caufe it to aft through as 
much as poflible of this height by its gravity, by making 
the diameter of the wheel as great as poflible. But a dil- 
advantage attends even this rule ; for if the water is con- 
veyed into the buckets with a very fmall velocity, which 
mud be the cafe when the diameter of the wheel equals the 
height of the fall, the velocity of the wheel will be re- 
tarded by the impulfe of the buckets (Iriking againft the 
water, in order to put it in motion, and much power would 
be loft by the water dafhing over them. In order, there- 
fore, to avoid all inconveniences, the diftance of the fpout 
from the receiving-bucket (hould, in general, be about two 
or three inches, that the water may be delivered with a velo- 
city a little greater than that of the wheel ; or, in other 
words, the diameter of an overfhot-wheel (hould be two or 
three inches lefs than the greateft height of the fall ; and 
yet it is no uncommon thing to fee the diameters of thefe 
wheels fcarcely one-half of that height. In fuch a con- 
ftruftion, the lofs of power is prodigious. 

It is always defirable that the water (hould have foir.e- 
what greater velocity, than the circumference of the wheel 
in coming thereon, otherwife the wheel will not only be re- 
tarded by the buckets linking the water, but thereby dafh- 
ing' a part of it over fo much of the power is loft. 

The velocity that the circumference of the wheel ought 
to have, will be known by what we (hall fay next, and the 
depth of column requifitc to give the water its proper velo- 
city, is eafily computed from the rules and tables given in 
this article, and will be found much lefs than what is gene- 
rally fuppofed. 

This maxim obliges us to ufe a wheel, whofe diameter is 
nearly equal to the whole fall ; but we (hall not gain any 
thing by employing a larger wheel. It is true, we could 
then apply the water upon a part of the circumference 
where the weight will aft more perpendicularly to the ra- 
dius, but we ihould lofe more, by the neceflity of difeharging 
the water at a greater height from the bottom, becaufe the 
water, in all cafes, begins to run out of the buckets long 
before they arrive at the bottom of the wheel. 

Suppofe the buckets of both wheels equally well con- 
flrufted in either cafe, whether the wheel is only as high as 
the fall, or of a greater height, then the heights above the 
bottom, where they will difeharge the water, will increafe 
in the proportion of the diameter of the wheel. That we 
(hall lofe more by this, than we gain by a more direft appli- 
cation of the weight, 13 plain without any further reafoning, 
by taking the extreme cafe, and fuppofing our wheel en- 
larged to fuch a fize, that the ufelefs part below would be 
equal to our whole fall. In this cafe, the water would be 
fpilled from the buckets as foon as it is delivered into them. 
All intermediate cafes, therefore, partake of the imperfec- 
tion of this. It was the obieft of Mr. Buchanan's bucket- 
wheel, which we have already described, to avoid this dif- 
ficulty, and employ a height of fail which bore only a fmall 
proportion to the whole height of the wheel. This obfer- 
vation neceflarily leads us to confider the bed form for the 
buckets* 

III. On the heft Form for the Buckets of ovcrjhot Wheels.— 
It is impoffible to conftruft the buckets fo that they will re- 
main completely filled with water till they reach the bottom 
of the wheel : indeed, if the buckets were formed by par- 
titions direfted to the axis of the wheel, the whole Water 
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mult run out by the time they have defeended to the level 
of the axis ; and, in confequence, there mull be a great 
diminution in the mechanical efFeft of the wheel. Mill- 
wrights have, therefore, turned their chief attention to the 
determination of a form for the buckets which (hall enable 
them to retain the water through a great portion of the 
circumference of the wheel. An infpeftion of Jigs. 2 and 3 
will (hew at once the proper form which has been eftablifhed 
by long praftice. Thefe are called elbow-buckcts, be- 
caufe each partition is formed by two boards, which are 
put together with an angle or elbow. The rule for fetting 
thefe out is, to divide the wheel into the number of buckets 
it iq intended to have ; then take four, fifths of the fpace or 
interval between two partitions for the depth of the (hroud- 
ing, that is, the breadth of the circular rings at the (ides of 
the wheel, which form the ends of the buckets, and arc 
called the fhrouds ; whilft the planking, which forms the 
bottom of all the buckets, is called the foie of the wheel. 
That board of each partition which is in the direftion of a 
radius to the wheel, rifes from the foie half the depth of 
the (hroud ; the other board of the bucket is fo inclined, 
that its outer end (hall be advanced beyond the line of the 
next radius-board, if it was produced. 

It is a great advantage to make the partitions of the buckets 
thin, particularly the edges of the partitions, which will 
meet and divide the ftream of water flowing upon the wheel ; 
and if thefe edges arc not made (harp, they will fpla(h the 
water about ; the edges are, therefore, finifhed by iron- 
plate, or it is better to make all the inclined parts of tne par- 
tition of iron -plate. The greater number of buckets, and 
the fhallower they are, the more regularly the wheel will 
aft. The limits are, that the mouths of the buckets (hall 
be of fuch width as to allow the air to efcape, at the fame 
time that the ftream of water flows in ; and alfo that the 
breadth of the wheel (hall not be extravagantly great, to 
make its buckets contain as much water as would produce 
the power required from the wheel. 

The lofs of water, at the lower part of the wheel, will 
very much depend upon the proportion of water which is 
poured into each bucket. It is evident, that if the buckets, 
of whatever form they are made, were totally filled when at 
the top of the wheel, they mull begin to fpill the water im- 
mediately when they departed from that poiition. But, on 
the other hand, if only a part of the content of each bucket 
is filled with w ater, then it will bear a greater degree of in- 
clination, and be a longer time before the water will begin 
to fpill from the bucket. This is a reafon for making large 
buckets, and filling only a part of their contents. In prac- 
tice a medium muft be ltruck between thefe contending cir- 
cumftances, and the wheel will aft to advantage. 

It has been propofed to apply another bend to the parti- 
tion-boards of each bucket which (hall be beyond the in- 
clined board that we have deferibed, and (hall be concen- 
tric with the rim of the wheel, in the fame manner as is 
reprefented in Mr. Buchanan's wheel, Jig. 5. It is true 
that this form would retain the water trom fpilling for a 
longer time, and thus be an advantage ; but it is not favour- 
able for admitting the water into the buckets when at the 
top of the wheel. 

The inclined boards, when made as we have deferibed, 
may be exaftly in the line of the ftream of water, which 
iffues from the fpout when it paffes beneath fuch ftream ; 
and in this way, if the edge of the inclined board is made 
thin, there will be as little fplafhing of the water as poflible. 
But by the addition of another part to the edge of the par- 
tition, which is concentric to the circle of the wheel, the 
ftream of water cannot be made to proceed exaftly in the 
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Kac of the partition, and will therefore fplafh the water. 
The fplafhing may appear immaterial, but it is in reality 
very prejudicial, becaufe the broken water fills the moutn 
<>f the bucket, and prevents the air from getting out rea- 
dily, and it is for this reafon that it is very neceffary to 
#:llow to much of the fall above the height of the wheel, as 
will make the water run into the buckets, with a little 
greater velocity than the motion of the wheel. 

Dr. Robinfon, in the Encyclopzdia Britannica, described 
a plan for the buckets of an overfhot wheel, which was in- 
vented by Mr. Robert Burns, millwright, and executed by 
him at a cotton-mill in Scotland : it is /hewn in Jig . 5. Plate II. 

I Voter •wheels. In this way, the wheel has two ranks of 
'Buckets, one within the other. The buckets confift of a 
partition A B, in the diredion of a radius of the wheel, 
which is joined to another B C, inclined to that, and alfo 
to a third C D, which is concentric with the rim of the 
wheel. 

The bucket is divided into two, by a partition L M, alfo 
concentric with the rim of the wheel, and fo placed as to 
make the inner and outer portions of the bucket nearly 
of equal capacity. It is evident, without any farther reafon- 
ing, that this partition will enable the double bucket to re- 
tain its water much longer than the fingle one could. When 
they are filled only one-third, they retain the whole water 
at eighteen degrees from the bottom of the wheel, and they 
retain half of the water at eleven degrees. The only ob- 
jection is, that they do not admit the water quite fo freely 
as buckets of the common conftrudion. 

This arifes from the air, which muft find its way out to 
admit the water, but is obftruded by the entering water, 
and occafions a great fpluttering at the entry. This may 
be entirely prevented, by making the fpout confidcrably nar- 
rower than the wheel, and will leave room at the two ends 
of the buckets for the efcape of the air. It was found in 
pradice, that a flow moving wheel, allowed one half of the 
water to get into the inner buckets, efpecially when the 
partitions which form the inner buckets, did not altogether 
reach the radius drawn through the lip D of the outer 
bucket. The dodor confiders this as a very great improve- 
ment of the bucket-wheel ; and when the wheel is made of 
a liberal breadth, fo that the water may be very (hallow in 
the buckets, it feems to carry the performance as far as it 
can go. Mr. Burns made the firft trial on a wheel of 
twenty-four feet diameter, and its performance is manifeftly 
fuperior to that of the wheel which it replaced, and which 
was a very good one. It has alfo another valuable property. 
When the liipply of water is very fcanty, a proper adjust- 
ment of the ftream of water iffuing from the lpout, will 
dired almoft the whole of the water into the outer buckets ; 
which, by placing it at a greater diilance from the axis, 
makes fome addition to its mechanical energy. 

IV. Concerning the proper Velocity of the Circumference of 
an overfhot Wheel, in order to produce the greatejl Ejfcft . — If a 
body of water is let fall freely from the furface of the 
water in the upper refervoir to the bottom of the defeent, 
it will take a certain time in falling ; and in this cafe, the 
whole adion of gravity will be fpent in giving the water a 
certain velocity. But if this water in falling is intended to 
a& upon fome machine, fo as to produce a mechanical 
effed, the falling water muft be retarded, becaufe a part of 
the adion of gravity is then fpent in producing the effed, 
and the remainder only will give motion to the falling water, 
which motion it will retain, after it has quitted the machine. 
On this principle, the flower a body defeends the greater 
portion of the adion of its gravity can be applied to pro* 
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duce mechanical cried, and in conicqucuce the greater that 
effed will be. 

If a quantity of water falls from a ftream, into each 
bucket of an over/hot-wheel, it is there retained until the 
wheel, by moving round, difeharges it. Now, the flower 
the wheel moves, the more water each bucket will receive, 
becaufe it remains a longer time beneath the fpout, fo that 
what is loft in the fpeed with which the wheel moves, is 
gained by the preflure of a greater quantity of water a&ing 
in the buckets at once ; and if conlidtred only in this light, 
the mechanical power of an over/hot-wheel to produce eneds 
will be equal, whether it moves quick or flow. The popular 
reafoning adduced to prove this has been of the following 
kind. Suppofe that a wheel has thirty buckets, and that four 
cubic feet of water are delivered in a fecond on the top of 
the wheel, and difeharged, without any lofs by the way, at 
a certain height from tne bottom of the wheel. 

It is clear that this ftream will fupply the fame quantity, 
whatever is the rate of the wheel's motion 5 and the buckets 
muft be of a fufficient capacity to hold all the water which 
falls into them when the wheel moves very flow. Suppofe 
this wheel employed to raife a weight of any kind, for in- 
ftance to draw a bafket of coals out of a deep pit or mine, 
and that the rope winds upon a barrel of fuch fize that the 
bafket will be drawn up with the fame velocity as the water 
in the buckets defeends. Suppofe, further, that the wheel 
will make four revolutions in a minute, or one turn in fifteen 
feconds, when the load or weight in the bafket which forms 
the refinance to the motion of the machine is one-third of 
the load of water contained in the buckets of the wheel. 

Now, during the time of one revolution, fixty cubic feet 
of water will have flowed into the thirty buckets, and each 
have received two cubic feet. In this cafe, the bafket may 
contain a weight equal to twenty cubic feet of water, which 
weight will be drawn up a height equal to one circum- 
ference of the wheel, during one turn of the wheel, or in 
fifteen feconds of time. 

Now fuppofe the machine fo loaded, by making the 
bafket more capacious, that the wheel can only make two 
turns in a minute, or one turn in thirty fecends, then each 
defeending bucket of the wheel will receive four cubic feet 
of water. If the bafket contained a double weight, viz. 
equal to forty cubic feet, the effed produced by the ma- 
chine would be the fame as before, becaufe the velocity is 
only one half ; but we find in pradice, that it will raife 
more than in tins proportion when it moves flower, for if 
we attend to what we have juft obferved of the falling body, 
we find that fo much of the adion of gravity as is employed 
in giving motion and velocity to the wheel and water therein, 
muft be fubtraded from its preflure upon the buckets. 
The produd made by multiplying the number of cubic 
inches of water which ad on the wheel at once by its velo- 
city, will be the fame in all cafes ; yet, as each cubic inch, 
when the velocity is greater, preffes more lightly upon the 
buckets than when the velocity is lefs, the power of the 
water to produce effects will be greater in the lefs velocity 
than in the greater. This leads us to the general rule, that 
the lefs the velocity of the wheel, the greater will be the 
effed produced by any given quantity, and fall of water. 

A confirmation of this dodrine, together with the limits 
it is fubjed to in pradice, is a matter of experiment and 
obfervation which has been ably decided by Mr. Smeaton. 
The velocity of the wheel fhould not be diminifhed,. further 
than what will produce fome folid advantage in point of 
power 5 becaufe, as the motion is flower, the buckets muft 
be made larger, that the increafe of their weight may com- 
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pen fate for the flownefs of their motion. The wheel being 
thus more loaded with water, the ftrefs upon every part of 
the work will be increafed in proportion. 

The bcft rule for pradtice will be, to make the velocity 
of the circumference a little more than three feet in a 
fccond. 

Experience confirms, that this velocity of three feet in a 
fecond, is applicable to the greateft overfhot wheels as well 
as the fmalleft ; and all other parts of the work being pro- 
perly adapted to this velocity, the fall of a given quantity 
of water, will produce very nearly the greateft effeft pofli- 
ble. But it is alfo certain from experience, that large 
wheels may deviate further from this rule before they will 
lofo their power, by a given aliquot part of the whole, than 
fmall ones can be admitted to do ; for inftance, a wheel of 
twenty-four feet high may move at the rate of fix feet per 
fecond, without loling any confiderable part of its power. 
This may perhaps be accounted for, when we confider how 
fmall a proportion of the whole fall is requifite to give the 
water the proper velocity which the wheel ought to have ; 
whilft in a fmaller wheel, the fame height muft be allowed 
for that purpofe, and confequently, a greater proportion of 
the whole height. On the other hand, Mr. Smeaton tells 
us, that he had feen a wheel of thirty-three feet diameter 
that moved very fteadily and well, with a velocity but little 
exceeding two feet per fecond. 

There is a natural with to fee a machine move brifkly ; it 
has the appearance of activity : but a very flow motion al- 
ways looks as if the machine was overloaded. For this rea- 
fon, mill-wrights have always yielded flowly, and with reluc- 
tance, to the advice of Mr. Smeaton, but they have yielded ; 
and we now fee them adopting maxims of conftru&ion more 
agreeable to found theory, that is, making their wheels of 
great breadth, and loading them with a great deal of work. 
The reluctance to adopt this fyftem did not arife folely 
from prejudice, but from a real inconvenience attending 
the flow motion of the wheel when the refiftance which is 
oppofed to its motion, and which is the caufe that it 
moves flowly, is not uniform in the different parts of a 
revolution. 

In all machines, there are fmall inequalities of adlion 
which arc unavoidable ; and in fome machines very great in- 
equalities arife, from the intermitting motions of cranks, 
Hampers, and other parts which move unequally or reci- 
procally. When a water-wheel is employed to give motion 
to fuch machines, it may be fo refilled or loaded, as to be 
nearly in equilibrio with its work, in the moil favourable 
pofition of the parts of the machine $ but when thefe change 
into a lefs favourable polition, the machine may flop tne 
wheel altogether, or at all events hobble, and work very 
irregularly. And for the fame reafon that a water-wheel 
accommodates its motion very quickly to the refiftance it 
is. to overcome, fo all tendency to irregular motion is in- 
creafed. A wheel, when its load is increafed, moves more 
(lowly, and receives more water into each bucket ; thereby 
taking to itfelf a weight of water equal to overcome its 
load, and on the other hand by moving quicker, it takes 
lefs water into each bucket when the load is diminifhed. 
But thefe changes do not take place inftantaneoufly, be- 
cause it can be only in the moment that each bucket paffes 
beneath the ftream, that the fhare of water it fhall have, 
will be influenced by the rate of the wheel’s motion. 
When a bucket is once filled it continues with that charge 
until it arrives at the bottom of the wheel. 

This felf-regulating property of the wheel can only ap- 
ply in cafes of fmall and permanent changes of reii fiance, 
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for it always comes too late to corro& fudden and confider- 
able changes in the reliftance 5 then it a&s in the contrary 
direftion. Suppofe, for inftance, an overfhot wheel is em- 
ployed to work a Angle pump by means of a crank, tin? 
refiftance of this machine will be continually varying ; it 
will be nothing during one-half of the period of the revo- 
lution when the pump is not drawing any water, and during 
the other half it will be in a conllant Hate of increafe ana 
diminution. Now, during the time this wheel has nothing to 
do, it will turn round very quickly, and therefore each 
bucket will receive very little water ; confequently, when 
the wheel comes to be refilled, the wheel will have fo little 
water in its buckets, that it will perhaps be quite flopped : 
in this cafe, the bucket beneath the fpout will receive water 
until it is quite full, and then the water will run over and 
fill fo many of the buckets beneath it, as to put the wheel 
in motion flowly; in confequence, the fuccecding bucket* 
will receive a large fhare of water during the half revolu- 
tion when the pump makes its flrokc ; but when this is 
finiihed, and the refiftance ceafes, the wheel being well 
loaded with water, will in confequence move very rapidly 
for a half revolution, and its buckets will receive very little 
water. 

This is indeed an extreme cafe of irregular refiftance, 
and muft be remedied by applying two pumps inilead of 
one, or a balance- weight, or a fly-w'heel; but the fame 
principle will apply in cafe of fmaller irregularities. In all 
cafes, the refiftance muft be reduced to a great degree of 
uniformity, before a water-wheel can be applied to it witli 
advantage, particularly if the wheel is intended to move 
flowly, with a view of obtaining the greateft power, the 
irregularities will then have more lerious confequences. 

A little more velocity enables the machine to overcome 
thofe increafed refiftances by its inertia , or the great quan- 
tity of motion inherent in it. Great machines pofTefs this 
advantage in a fuperior degree, and will confequently work 
fteadily with a fmaller velocity. In all cafes, the machine 
muft have fo much moving matter in it as is fuflicient to 
overcome the irregularities, and regulate the motion of the 
wheel. If this is not already found in the machine, as in the 
mill-ftones of a corn-mill for inftance, the weight muft be 
placed in the water-wheel itfelf, or in a fly-whccl applied 
for the purpofe. 

Mr. Buchanan meafured the quantity of water which a 
cotton-mill required, when going at its common velocity ; 
and when going at half that velocity. The refuit was, that 
the laft required juft half the quantity of water which the 
firfl did. In the experiments, the quantities of water were 
calculated from the depth of water and apertures of the 
fluices. 

From which experiments, he inferred that the quantity 
of water neceffary to be employed in giving different de- 
grees of velocity to a cotton-mill, muft be nearly as the 
velocity. The water from the cotton-mill on which he made 
the obiervation, falls a little below it, into a perjpendicular- 
fided pond, which ferves as a dam for a corn-mill. By mea- 
furing the time which the water took to rife at a certain 
height in that pond, he determined the expenditure of water 
when the corn -mill moved at its common velocity ; and alfo 
when it moved at nearly half that velocity. 

The refuit of thefe experiments approached very nearly 
to the former, and all the differences could be accounted for, 
by a fmall degree of leakage, which took place at the 
fluices on the lower end of the pond ; and the timfe being 
greater when the mill moved flower, the leakage would of 
courfe be greater. 
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In thefe experiments, the motion of the water-wheel 
being exactly proportioned to the quantity of water ex- 
pended, the load upon the wheel muft have been equal when 
it moved quick or (low, that is to fay, the buckets muft 
have been equally filled when the wheel moved at its ordi- 
nary motion, or at half that motion. 

The effeft, therefore, of letting more water on a wheel 
when the refiftance continues the fame, is not to lodge a 
greater quantity in each of the buckets, but to fupply the 
lame quantity to each bucket when the wheel is in a 
greater motion. 

The greateft velocity that the circumference of an over- 
(hot wheel can acquire, depends jointly upon the diameter 
or height of the wheel, and the velocity of falling bodies ; 
for it is plain, that the velocity of the circumference can 
never be greater, than to deferibe a femicircumference, in 
the time that a body let fall from the top of the wheel 
would defeend through its diameter, nor indeed quite fo 
great $ as a body defeending through the fame perpendicular 
lpace cannot perform its courfe in fo fmall a time, when 
palling through a femicircle, as would be done in a per- 
pendicular line. Thus, if a wheel is fixteen feet one 
inch diameter, a body will fall through the line of its dia- 
meter in one fecond : this wheel, therefore, can never arrive 
at a velocity equal to the making one turn in two feconds. 
An overfhot wheel can never come near this velocity, for 
when it acquires a certain fpeed the greateft part of the 
water is prevented from entering the buckets ; and the reft, 
at a certain point of its defeent, is thrown out again by the 
centrifugal force. The velocity, when this aft ion will be- 
gin to take place, depends in a great degree upon the form 
of the buckets as well as other circumltances ; fo that the 
utmoft velocity that an overfhot wheel may be capable of i9 
not to be determined generally 5 and indeed the knowledge 
of it is not at all neceflary in praftice, becaufe a wheel, in 
fuch cafe, would be incapable of producing any mechanical 
effeft. 

V. On the proper Load for an overfhot Wheel , in order that it 
may produce a maximum EJfe8> — 1 he maximum load or re- 
fiftance for an overfhot wheel, is that which will reduce the 
circumference of the wheel to its proper velocity, of three or 
three and a half feet per fecond ; and this will be known, by 
dividing the effeft it ought to produce in a given time, by 
the fpace intended to be deferibe d by the circumference of 
the wheel in the fame time ; the quotient will be the refiftance 
to be overcome at the circumference of the wheel, and is 
equal to the load required, the friftion and refiftance of the 
machinery included. 

VI. On the treated Load that an overfhot Wheel can overcome . 
— The greateft load an overfhot wheel can overcome depends 
upon the magnitude of the buckets ; and the refiftance 
which will flop the wheel, muft be equal to the effort of 
all the buckets in one femicircumference, when quite filled 
with water. 

The ftrufture of the buckets being given, the quantity 
of this effort may be afligned, but is not of much import- 
tance in praftice, as in this cafe alfo, the wheel lofes its 
power ; for though the water makes the utmoft exertion of 
gravity upon the wheel, yet, being prevented by a counter- 
balance from moving at all, it is not capable of producing 
any m« , t' , aircal effeft, according to our definition. An 
overfhot .vheel, generally ceafes to be ufeful before it is 
loaded to that pitch, for when it meets with fuch a refift- 
ance as to diminifh its velocity to a certain degree, its mo- 
tion becomes irregular 5 yet this never happens until the ve- 
locity of the circumference is reduced to lefs than two feet 
per fecond, where the refiftance is equable, as appears not 
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only from the preceding ipecimen, but from experiment# 
on larger wheels. 

VII. Confiruftion of the Pentrough for fupplying the Water to 
overjhot Wheels '—We have hitherto fpoken of the ftream of 
water, as if it iflued from a fpout nearly in an horizontal direc- 
tion, or with only fo much inclination as will make the line of 
the ftream correfpond with the direftion of the oblique part of 
the bucket-board. This is the ancient, and Hill the common 
way ; Mr. Smeaton’s, which is a much better, is (hewn in 
fig* 2. Plate I. Water-wheels. G reprefents the pentrough 
through which the water flows, and F F llrong crofs-beams on 
which it is fupported ; the wheel is fituated very dofe beneath 
the bottom of the trough, as the figure fhews. E E arc two 
arms of the wheel, which are put together, as (hewn in fig. 7. 
D B is the wooden rim of the wheel ; the narrow circle beyond 
this is the feftion of the foie planking, and on the outfide of 
this the bucket-boards are fixed as the figure (hews ; one of 
the bottom boards, b , of the trough at the end is inclined, and 
an opening is left between that end and the other boards of 
the bottom, to let the water pafs through ; this opening is 
clofed by a Hiding fhuttle, r, which is fitted to the bottom 
of the trough, and can be moved backwards and forwards 
by a rod, d, and lever, r, which is fixed into a ftrong axis f 5 
this axis has a long leVer on the end, which, being moved 
by the miller, draws the fhuttle along the bottom of the 
trough, and increafes or diminifhes the aperture through 
which the water i flues. The extreme edge of the fhuttle is 
cut inclined, to make it correfpond with the inclined part b 9 
and by this means it opens a parallel paffage for the water 
to run through, and this caufes the water to be delivered in 
a regular and even fheet 5 and to contribute to this the edges 
of the aperture where the water quits it, are rendered (harp 
by iron plates ; the fhuttle is made tight where it lies upon 
the bottom of the trough by leather, fo as to avoid any 
leakage when the fhuttle is elofed. When the wheel is of 
confiderable breadth, the weight of the water might bend 
down the middle of the trough until it touched the wheel ; 
to prevent this, a ftrong beam, O, is placed acrofs the trough, 
and the trough is fufpended from this by iron bolts which 
pafs through grooves in the fhuttle, fo that they do not in- 
terfere with the motion of the fhuttle. 

Fig. 3. of the fame plate is an overfhot wheel, for which 
Mr. Nouaille took a patent in 1813 ; he recommends that 
the water-wheel be made the full height of the fall of water, 
and that the water be applied upon the wheel at 53 degrees 
from the vertex. The pentrough is made nearly on the 
fame plan as Mr. Smeaton’s. O R is the trough, hg the 
end inclined in the direftion in which the water is intended 
to be direfted, / the (buttle, Hiding horizontally on the 
bottom of the trough, ede the lever for drawing the (but- 
tle, to which motion is given by a regulating ferew a and 
nut b. 

Fig. 9. Plate II. Water -wheels % is the method of laying on 
water, which has for feveral years been in common ufe in York - 
fhire and the north of England. In this the water is not ap- 
plied quite at the top of the wheel, but nearly in the fame 
pofition as the laft deferibed ; but the advantages of this wheel 
over all others is, that the water can be delivered at a greater 
or lefs height, according to the height at which the water 
ftands in tne trough ; but in all the preceding methods if the 
water is fubjeft to variations of height, as all rivers are, then 
the wheel muft be diminifhed, fo that in the lowell date of the 
water it will ftand a fufficient depth above the orifice in the 
bottom of the trough to iffue with a velocity rather greater 
than the motion of the wheel- In this cale, when the water 
rifes to its ufual height, or above it, the increafe of fall thus 
obtained is very little advantage to the wheel ; the improved 
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wheel can at all times take the utmoft fall of the water, even 
when its height varies from three to four feet. A A is the 
pentrough made of caft-iron ; the end of it is formed by a 
grating of broad flat iron bars, which are inclined in the 
proper pofitiou to direct the water through them into the 
buckets of the wheel. The fpaces between the bars are fhut 
up by a large fhect of leather, which is made fail to the bottom 
of the iron trough at a, and ia applied againft; the bars ; and 
the preflure of the water keeps it in clofe contad with the 
bars, fo as to prevent any leakage. This is the real fliuttle, and 
to open it fo a6 to give the required ftream of water to the 
wheel, the upper edge of the leather is wrapped round a 
fmaller roller b ; the pivots at the ends of this roller are re- 
ceived in the lower end3 of two racks, which are made to 
Hide up and down by the adion of two pinions fixed upon 
a common axis which extends acrofs the trough ; this axis 
being turned, raifes up or lowers down the roller, and the 
leather fhuttle winds upon it as it defeends, or unwinds from 
it as it afeends, fo as to open more of the fpaces between the 
bars, or clofe them as it is required. In order to make 
the roller take up the leather, and always draw it tight, a 
{trap of leather is wound round the extreme ends of the 
rollers, beyond the part where the leather (buttle rolls upon 
it. Thefe ft raps are carried above water and applied on 
wheels, which wind them up with a very confiderablc tenfion 
by the action of a band and weight wrapped on the cir- 
cumference of a wheel, which is on the end of the axis of 
thofe wheels. 

The water run6 over the upper fide of the roller, and flows 
through the fpaces between the grating into the buckets of 
the wheel ; the defeent of the water palling through the 
bars, and afterwards in falling before it ltrikes the bottom 
of the bucket, is found fully fufficient to produce the ne- 
celTary velocity of the water, for a fall of four inches pro- 
duces a velocity of more than four feet per fecond. 

We recommend this as the beft method of applying the wa- 
ter, as we fee in all other forms that a much greater portion of 
the fall is given up in order to make the water flow into the 
wheel ; not that any fuch depth as is commonly given is at 
all neceflary, but the aperture in the trough mult be placed 
fo low that the water will run through it in the very lowed 
Hates of the water, otherwife the wheel mud dop at fuch 
times. 

On the Manner of framing Water-wheels. — The weight of 
every wheel mud be fupported by its axis, which therefore 
demands the fird confideration. If the axis is to be of wood 
it (hould be made of a tree of hard and durable wood, of a 
length and fize proportioned to the fize and weight of the 
wheel ; into each end a gudgeon or centre ftiould be fixed 
for the wheel to turn upon. There are two methods of fixing 
the gudgeon into a wooden axis ; one is, by forming the 
gudgeon with a crofs, which is let into the end of the tree, 
and faftened by ferevvs, and the wood is comprefled round 
the crofs by two or three iron hoops, fitted on the end of 
the tree and wedged ; this is explained in the article Mill- 
Work . The other method is, to make a ftrong iron box in a 
piece with the gudgeon, into which box the end of the tree is 
received and fee u red by wedges. The box being of an octa- 
gon fhape, and the wood being cut to the fame figure, it 
cannot flip round within the box. 

Of late years it has been ufual to make the great axis of 
water-wheels of call-iron, which is a very good plan, pro- 
vided the axis is made of fufficient dimenfions. This was 
firll pradifed by Mr. Smeaton, but he was rather unfor- 
tunate, as feveral of them broke after having been many 
years in ufe : he then employed hollow tubes of call -iron of 
urge dimenfions and considerable thicknefs of metal. Even 
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now that the flrcngth of call-iron is better underftood, it is 
not uncommon for the axis of a water-wheel to break, par- 
ticularly in cold and frofty weather, and for this reafon fomc 
millwrights ufe wrought iron, but the hollow tube is fo much 
Itrongc r, as to be very fecure from accident. 

In an iron axis it is advifeablc to make the bearings of the 
axis clofe to the fidcs of the water-wheel, and leave the ends 
of the axis projeding beyond the bearings, in order to attach 
the cog-wheel, by which the power of the wheel is to be 
communicated to other machinery. This diminifhes the 
length of the axis between the bearings, and renders it much 
ftronger ; wooden axes mud have the gudgeons at the ex- 
treme ends. 

The next point to be confidered is, the bell means of affix- 
ing the arms of the wheel firmly to the axis. If the arms 
are of wood, and the axis alfo, the moll obvious plan is to 
mortife the arms into the axis ; but this is the worfl method 
that can be adopted, becaufe the axis is much weakened, and 
the water being admitted into the centre of the tree caufcs it 
foon to decay, nor can an arm be eafily replaced without 
taking all the wheel to pieces. 

A better way is to ufe eight timbers for the arms, and put 
them together fo as to interfed each other at right angles, 
(as is (hewn in fig. 7. Plate I . ) leaving a fquare opening in the 
centre for the reception of the axis, which is made up to a 
fquare by adding pieces of wood to it, and the wheel is faf- 
tened on by wedges. The only objedion to this is, that 
the arms are weakened by inter feding each other, and 
they fupport the circular rim of the wheel in unequal feg- 
ments. 

In Mr. Buchanan's water-wheel, which we have before 
deferibed in jigs. 4 and 5, Plate I. Water-wheels , is a parti- 
cular conftrudion of the arms formed by thin planks of wood. 
He dates that this plan is applicable to any kind of water- 
wheel ; and (incc 1790, when he firft conllruded a wheel 
with arms on that principle, a confiderable number of large 
wheels have been eroded in Scotland on the fame plan. It 
is evident that arms, fuch as are commonly fixed in mortifes 
in the axis, are wcakefl in one diredion, and that commonly 
in the diredion of the drain. To remedy this defed the 
feather-pieces F F are applied all round, having their broad- 
eft ends towards the centre of the wheel, and being at right 
angles to the breadth of the principal arms. In order to 
unite them ftrongly to the principal arms, and conned the 
whole more firmly together, a ring of iron, R, is applied 
on each fide ; blocks of wood being put in the vacant fpaces 
between, and the keys or wedges, K K, bind the whole clofe 
to the axis. 

The very bed method of uniting the arms to the axis is to 
have a caft-iron centre-piece, or ftrong hoop, to fit on the 
wooden axis with a broad projeding flanch round it, againlt 
the flat furface of which the arms of the wheel are applied, 
and the intervals between them filled up by wooden block? 
or wedges ; the arms and blocks are firmly bound to the irou 
flanch by iron rings applied to the arms on the oppofite fide 
to the flanch, with lcrew bolts to go through the whole. 
This fame plan is applicable to an iron axis, and will be more 
clearly underftood by a reference to the article Mill, and 
Plate XXXIV. Mechanics; but it is there deferibed that the 
broad circular flanch to ferew the arms againft, is call in the 
fame piece with the axis. This was Mr. omeaton’s original 
plan, but the flanch ftiould be made in a feparate piece, and 
fadened on the axis with wedges ; for if caft in the fame 
piece, the contradion of the metal contained in the flanch 
when cooling, renders the metal of the axis lpongy at the part 
where it joins to the flanch, andcaufes them to break 3 t tin t 
part. Sometimes the caft-iron centrc-picce is made with a 
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diftinft cell to receive each arm, and they arc fattened into 
the cells by wedges and fcrew-bolta, but a flat flanch with 
the intervals filled up by blocks is more fimple and fecure. 
Modern wheels are very frequently made with call -iron arms, 
which in this cafe are attached to the axis by a fimilar 
centre-piece. 

T^e circular rims of water-wheeU are commonly made of 
wood, put together in two or three thicknefles, the joinings 
of one ring not coinciding with thofe of the other, and 8 or 
IO fegments in each thickncfs, according to the fize of the 
wheel ; the thicknefles are united together by rivets. The 
arms are attached to the ring by notching them in, and fe- 
curing them by bolts. Caft-iron rings are now generally ufcd, 
and with great advantage, becaufe the ncceflary mortifes 
can be made in iron, without weakening the ring ; but the 
ftrength of a wooden ring is greatly impaired by the mor- 
tifes through it. 

The number of rings in a wheel depend upon its breadth; 
when the wheel is four feet wide, two rings will fupport the 
float-boards or buckets, but the rings (hould not be more 
than five feet afunder, or the floats may bend and yield ; for 
want of a fufficient fupport each ring is framed with its fet 
of arms, fo that every one derives its ftrength from the 
axis. When a wheel is of great breadth, the whole will be 
very much ttrengthened, by applying oblique braces, ex- 
tending from the centre-pieces of the outfide rings to the 
circumference of the middle ring, by firmly attaching thefe 
oblique braces to the arms of all the rings which they inter- 
cept ; they form trufs-frames which prevent the wheel and 
the axis from bending by its weight : this is particularly 
ufeful in wide overfhot wheels. 

In breaft and underfliot wheels the float-boards are nailed 
to pieces of wood called ftarts, which are fixed into the mor- 
tifes in the rings, and project outwards for that purpol'e. 

In overfhot-wheels, the rings of the wheels are covered by 
boards laid parallel to the axis, well jointed together, and 
fpikecl down to the rings like the boards of a floor to the 
joifts. This boarding forms a clofc cylinder, which is called 
the foie of the wheel, and is the foundation for the buckets. 
When the rings of the wheel are of iron, holes are left in 
the caltings in the edge of the rings, at regular diftances 
round the circumference, and thefe are filled up with plugs 
of wood, into which the nails can be driven to fatten on the 
boarding of the foie. The foie of the wheel is fometimes 
made of iron plates rivetted together, and rivetted alfo to 
the rings of the wheel. 

At the ends of the fole-boards, two circular rings of 
wood or iron, called fhrouds, arc fitted on perpendicularly 
to the foie to form the ends of the buckets ; and it is ufual, 
if the wheel is wide, to apply a {hrouding over each ring of 
the wheel, and then the buckets are divided into lengths of 
about four or five feet. In the flat furfaces of the fliroud- 
ings, grooves are made for the reception of the ends of the 
bucket-boards. It is ufual to make the firft board, which 
is in the direction of a radius, of wood, and the outfide one 
is generally made of iron plate ; but fometimes the whole 
are made of plate iron, and both parts of the buckets are 
then bent up out of one piece, and the ends of the plate ; and 
alfo that part of the edge which is to apply to the foie, is 
turned fquare to lie flat againft the foie and the (hrouding, 
fo that rivets and nails may unite all together, and make 
water-tight joints. 

When the (hrouding is of caft-iron, it is made to ferve 
inftead of the rings of the wheel, becaufe it has fufficient 
ftrength to ferve both purpofes : the arms of the wheel are 
in this cafe applied flat againft the ring of (hrouding, and 
bolted to it. 

Vol. XXXVIII. 
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The breaft -wheel. Jig. 3. Platt 1 1 . Water wheels, at Meflrs 
Strutt’s works, which we have already noticed, is deferving of 
further notice from the manner of putting it together. The 
rings of the wheel are made of caft-iron, and the float-boards 
are included between the rings in the manner of an overfhot 
wheel, but the arms are only of wrought iron, being made 
of fmall round iron rods, which are very light, and have little 
ftrength to refill bending ; but as they are all tied in from 
the centre, the ring cannot deviate from its true circular 
figure, and to fuftain the wheel fideways, oblique bars are 
extended from the centre-pieces at each end of the axis, and 
are united to the circular ring in the middle of its breadth, 
which is 15 feet. We have feen two overfhot -wheels of 24 feet 
diameter, and p feet broad, made in the fame way. It is 
plain that in this conftru&ion the axis of the wheel can do 
no office but to fupport the weight of the wheel ; for though 
thefe arms are fufficiently ftrong for that purpofe, they can 
have little ftrength by way of levers to tranfmit the force 
of the circular motion of the rim of the wheel to the axis ; 
but the power is tranfmitted in a better way than from the 
axi&, viz. by a ring of cogs ferewed to the circular rim of 
the wheel, and working in a pinion which conveys the mo- 
tion to the mill. There is another fimilar ring of cogs at 
the other fide of the wheel, which works into a pinion fixed 
on the lame (haft, by this means nearly all the drain is taken 
from the axis of the water-wheel ; for the pinion is placed 
on the defeending lide of the wheel, fo that the weight of the 
water acting on the float -boards is immediately tranfmitted to 
the pinions by the ftrength of the rings of the wheel. 

This method of tranlmitting the power is alfo applied to 
other wheels than thofe which are made with flight arms 
like the above ; the ring of cogs is fometimes placed in the 
middle of the breadth of the wheel, and then a£ls upon one 
pinion, but it is much better to place it at one fide or both 
fides, if the wheel is very broad, becaufe the circle of the 
teeth may then be made rather lefs than the diameter of 
the rings of the wheel, and the fide of the ring being clofely 
fitted to the ftone-work of the race, the water may be ex- 
cluded from the cogs. 

[t is obvious that of the various conftru&ions of water- 
wheels, that is the itrongeft which communicates its motion 
by means of a ring of cogs immediately attached to its rim, 
where the power of the water is alfo applied, the leall pof- 
fible ftrain being thus thrown on its arms and axis. 

The only obje&ion to this plan is, that as the teeth of 
the cog-wheel are in moil cafes conftantly wet, which pre- 
vents the greafe from adhering, the ufual mode of occa- 
(ionally greafing the cog 3 is of little or no life, and the dirt 
in the water grinds away the teeth ; or, were the water even 
free from dirt, there would be much unneceflary fri&ion and 
wafte of power. 

Greafing Machine for the Cog-Wheel of a Water-Wheel . — 
Mr. Buchanan mentions two water-wheels of this kind, in 
which the rings of the teeth were wearing very fad, and 
knowing the trouble and expence of renewing them, he was 
folicitous to difeover fome means of rendering them more 
durable. The only way which prefented itfelf was by fome 
contrivance to keep them well greafed. 

This he did by a machine (hewn in fg. 8. Plate I. Water - 
wheels ; it is nothing more than a kind of pinion, with one 
or more of its teeth made hollow to contain the greafy fub- 
ftance, and the metal plate of which the hollow cog is com- 
pofed is perforated with fmall holes, for exudating the 
greafe through thofe parts which come in conta& with the 
teeth of the wheel. 

Fig. 8. is a fe&ion of the greafing machine ; A B repre- 
fents part of the ring of teeth on tlie circumference of the 

N 
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water-wheel. The greafing-pinion which works in thefe 
teeth is mounted on an axis, as is clearly (hewn. 

N O a retarding lever, of which N is the fulcrum, and O 
a weight to make it prefs on the axis of the greafing-pinion, 
fo as to caufe a reii fiance, and make the cogs of the wheel 
prefs forcibly on the cogs of the pinion. 

G H I K, the hollow teeth for containing the greafe ; 
they are made of copper-plate or iron ; and to make the per- 
forated Tides of the greafing leaves come in clofe contact 
with the face of the teeth of the wheel, the lever N O, 
with a fmall weight on it, ads on a pulley fixed on the axle 
of the pinion, and ferves to retain it. 

E F, 8 c c. the folid teeth of the pinion, made of wood ; 
there are Aiders which open for admitting the greafe into the 
hollow teeth at their ends. 

The number of leaves in the greafer (hould be fuch, that 
thofe containing the greafe (hail apply themfelves in the 
courfe of fevera! re volutions of the wheel to each of its teeth. 
Mr. Buchanan found a greafer of 1 2 leaves, 4 of which con- 
tained greafe, had this effed upon a wheel of 304 teeth ; and 
one of 13 leaves, with one tooth only filled with greafe, 
ferved a wheel of 168 teeth. 

It is beft to ufe a mixture of tallow, oil, and black lead for 
greafing, made of a confiilency to feed regularly, and fre(h- 
ened about twice in a week. 

Con/lruftion of a Breajl-Whccl of very great Width . — At 
Meffrs. Strutt's works is a very powerful breaft-whoel, made 
of the extraordinary width of 40 feet, and it defervesour notice 
from the manner of framing it together ; its diameter is only 
12$ feet, and it is made without any axis, or rather the axis 
is hollow, and fo large that the float -boards are fixed imme- 
diately upon it. It is made like a very long cafk, 48 feet 
long, compofed of 33 (laves of fix inches thicknefs, bound 
together by hoops like an ordinary ca(k ; it is five feet in dia- 
meter at one end and fix feet at tnc other, and in the middle 
7 feet 2 inches ; the fmall end is made up folid for three feet 
in length, and the gudgeon is fixed in this folid part ; the larger 
end is folid for four feet from the end, and on this part the 
large cog-wheel is fixed to communicate the motion to the 
mill; it is 14 feet diameter, and has 120 cogs, whilfl the 
water-wheel is only 12I feet diameter to the outfide of the 
floats. The floats are fupported by 10 circular rings, 
which are fixed on the outfide of the axis or calk, at four 
feet di fiance from each other, and the float-boards are fixed 
between thefe rings, 24 floats being arranged in each 
circle ; but the floats in the different fpaces are not made to 
line with each other, becaufe if the water was to ftnke upon 
the whole length of 40 feet of float -board at once, it would 
give a fenfible (hock to the water-wheel, and work the mill 
irregularly ; hence the floats between all the different rings 
are placed oppolite to the intervals between the floats in the 
adjoining fpaces, by which means the water a£ls on the 
floats in rapid fuccofiion, fo that the ftroke upon any one 
float is imperceptible. 

The float-boards are not made to touch the central-barrel 
or axis within two inches, in order to leave fpace for the air 
to efcape. The float-boards in the middle of the wheel are 
2 feet 4 inches wide, and at the ends are wider. This wheel 
has two (huttles, one above the other, like the breaft-wheel 
before deferibed in Jig. 3, and the fame dimenfions ; for the 
wheel is placed in the fame mill, but is adapted to work 
when the tail-water rifes in time of floods to fuch a height as 
to prevent the other wheel from working. 

A very large overjhot Wheel . — The largeft overfhot water- 
wheel of which we have heard, is that at Mr. Crawlhaw's 
iron-works at Cyfarthfa, near Merthyr Tidvil, in South 
Wales : it is ufed to blow air into three of the large blaft 


furnaces for fmelting iron ; the water-wheel is fifty feet in dia- 
meter and fix feet wide : it is chiefly made of caft iron, and has 
156 buckets. The axis is a hollow tube, and is ftrengthened 
by twenty-four pieces of timber applied round it. On each 
end of the axis is a cog-wheel of twenty-three feet diameter, 
which turns a pinion. On the axis of thefe are two cranks, 
and a fly-wheel twenty-two feet diameter, and twelve tons 
weight ; each of the cranks gives motion to a lever, like that 
of a large fleam-engine, and works the pifton of a blowing 
cylinder or air-pump 5 2^ inches in diameter, and five feet ftroke, 
which blows air into the furnace, both when the pifton goeB 
up and down. The work on the other fide being the fame, it 
a&uates in the whole four of thefe double cylinders 5 the 
wheel makes about two and a half turns per minute, and 
each cylinder makes ten ftrokes. It is called ^olus, and war 
built in 1800 under the dire&ion of Mr. Watkin George. 

At Aherdare, in South Wales, is an immenfe double water- 
wheel, confiding of two wheels of forty feet in diameter, placed 
one above the other like the figure 8, ( fee our article Ca- 
nal,) the water from the upper one a&uating the lower one, 
and both being conne&ed together by cog-wheels on their 
.refpe&ive rings. We underftand this machine has not an- 
fwered, and we only mention it as an attempt to occupy a 
fall of water of eighty feet ; in fuch cafes, the Prejfure- engine, 
deferibed under that article, is a better method, particularly 
if the work will admit of a reciprocating motion. 

Chain of Buckets — This is applicable in many fituations 
where there is a confiderable fall of water. This (ketch was 
taken from one in Scotland ufed to give motion to a thrafhing- 
mill ; the Jig. 6. Plate I. is fo obvious as to need little explana- 
tion. The buckets C, D, G, H, &c. mull be conno&ed by 
feveral chains to avoid the danger of breaking, and united 
into an endlefs chain, which is extended over two wheels 
A and B, the upper one being the axis which is to com- 
municate motion to the mill-work ; E is the fpout tofupply 
the water. The principal advantage of this plan is, that 
no water is loft by running out of the buckets before they 
arrive at the lowed part, as is the cafe with the wheel. 
Another is, that the buckets being fufpended over the 
wheel A of fmall diameter, it may be made to revolve 
more quickly than a wheel of large diameter, and without 
increafing the velocity of the defeending buckets beyond 
what is proper for them. This laves wheel-work when the 
machine is to be employed, as in a thrafhing machine to 
produce a rapid motion. O11 the other hand, the friction of 
the chain in folding over the wheel at the top, and feizing 
its cogs, will be very confiderable ; thefe cogs mull enter 
the fpaces in the open links between the buckets, to pre- 
vent the chain flipping upon the upper wheel. Wc think 
this machine might be much improved by contriving it fo, 
that the chain would pafs through the centre of gravity of 
each bucket, whereas in the prefen t form, the weight of 
each bucket tend^ to give the chain an extra bend. 

The Chain- Pump reverfed has been propofed as a fubfti- 
tute for a water-wheel when the fall is very great, and we 
think it would anfwer the purpofc with fome chance of 
fuccefs. It would have an advantage over the chain- 
pump when employed for railing water, in the facility of 
applying cup leathers to the piftons on the chain, in the 
fame way as other pumps, which leathers expand themfelves 
to the infide of the barrel, and are kept perfectly tight by 
the preffure of the water. In the chain-pump fuch leathers 
cannot be employed, becaufe the edges of the leather-cups 
would turn down and ftop the motion, when the cups were 
drawn upwards into the barrel. It is the defe&ive mode 
of leathering the piftons of the chain -pump which occafions 
its great fri&ion. In the motion of a machine of this kind 
9 
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the piftons would defcend into the barrel, and might there- 
fore be leathered with cups like other pumps, fo as to be 
quite tight without immoderate friftion. This machine was 
propofed by a Mr; Cooper in 1784, who obtained a patent 
for it, and Dr. Robifon has again propofed it with re- 
commendation. 

Mechantfm for equalising the Motion of Water-Wheels , — 
When a part of the machinery of a mill is fuddenly de- 
tached from the firft mover, or fuddenly connefted with it, 
the load of the machine is either increafed or dimini fhed ; 
and the moving power remaining the fame, an alteration in 
the velocity of the whole will take place ; it will move 
falter or flower. Every machine has a certain velocity, at 
which it will work with greater advantage than at any other 
fpeed ; hence the change of velocity arifing from the above 
caufe, is in all cafes a difadvantage, and in delicate opera- 
tions exceedingly hurtful. In the cafe of a cotton mill, 
for inltance, which is calculated to move the fpindles at a 
certain rate, if from any caufe the velocity is much in- 
creafed, a lofs of work immediately takes place, and an in- 
creafe of walie from the breaking of the threads, &c. ; on 
the other hand, there mult be an evident lofs from the 
machinery moving too flow. In fteam-engincs this evil is 
remedied by a contrivance called a governor, which we have 
already defcribed in our article Steam -Engine, 

Governors are fometimes applied to water-wheels, and 
made on various conftruftion3. Smith-bellows have been 
applied to that ufe, the upper board rifing and falling on 
any augmentation or diminution of the velocity of the lower 
board, which received its motion from the mill, and forced 
air into the fpace beneath the upper board ; from this fpace 
the air Was permitted to efcape by a pipe with a cock. If 
the lower board worked fafter than the air could efcape, 
the upper board would rife, but if it moved flower, then 
the board would fink ; and this rifing and falling was applied 
to regulate the Ihuttle of the water-wheel, not by the force 
of the bellows alone, but the bellows were made to throw 
the wheel-work of the mill into aftion, either to raife or 
lower the fhuttle. 

Of late years a new kind of water-wheel governor has 
been introduced, the principles of which are nearly the fame 
as the governor of a ileam-engine. It has a revolving pen- 
dulum, which receives its motion from the mill, and in pro- 
portion as the machinery moves fafter or flower, the cen- 
trifugal force afts with greater or lefs force upon the balls 
of the governor, making them approach to, or recede from, 
the perpendicular axis. This raifes or deprefles an iron crofs, 
which Aides upon the perpendicular axis of the revolving 
pendulum, and by afting on a lever, is made to engage the 
fluice with a train of wheel-work, which is kept in conftant 
motion by the power of the water-wheel. When this train is 
connefted with the fluice, it operates upon it fo as to enlarge 
or leflen the paflage of the water to the water-wheel, and by 
augmenting or leflening the quantity of water falling on the 
wheel, increafes or diminiflies its fpeed. 

This fluice is made on the principle of the throttle-valve 
of fteam-engines. In order that it may be moved by a fmall 
power, it is poifed on an axis of motion palling through the 
middle of the fluice. When it is turned edgeways to the 
ftream of water, it makes no obftruftion ; but if it is turned 
perpendicularly, it clofes the paflage of water, or by placing 
it more or lefs obliquely, it alters the area of the paflage for 
the water. 

The axis on which the fluice turns, if horizontal, fliould 
be one-third of the height of the fluice from the bottom, in 
order that the preflure of the water above the centre may 
balance that below. 
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So long as the machinery is moving at a proper velocity, 
this wheel. work of the fluice apparatus is not connected 
with the fluice, and it remains at reft. But if the mill goe» 
too flow, the crofs is deprefled, and linking the lever in 
an oppoflte direftion, connects the fluice with a different 
part or train of wheel-work, which has a motion in a contrary 
direftion to the former, and fo produces a contrary effect on 
the fluice. 

The train of wheel-work is fo calculated, as to reduce 
the aftion on the fluice to a very flow motion, and it is 
found, from experience, that this is neceffary. Where the 
area of the aperture is too fuddenly changed, the effeft on the 
water-wheel would be too violent. See a more complete 
defeription of this contrivance in Vol. XXIII. Mill -Work, 

On the Conjlruftion of the Wheel-race and Water -courfe . — 
The wheel-race fhould always be built in a fubftantial manner 
with mafonry, and if the ftoncs are fet in Roman cement, it 
will be much better than common mortar. The earth behind 
the mafonry fliould he very folid, and if it is not naturally 
fo, it fhould be very hard rammed and puddled, to prevent 
percolation of the water. This applies more particularly to 
breaft-wheels, in which the water of the dam or refervoir is 
ufually immediately behind the wall or breaft in which the 
wheel works, a doping apron of earth being laid from the 
wall in the dam to prevent the water leaking. The wall of the 
breaft fhould have pile planking (fee Canal) driven beneath, 
to prevent the water from getting beneath, becaufe that might 
blow up the foundation of the race. The ftones of the race 
are hewn to a mould, and laid in their places with great care ; 
but afterwards when the fide walls are fniifhed, and the axis 
of the wheel placed in its bearings, a gauge is attached to 
it and fwept round in the curve, and by this the breaft is 
drolled fmooth, and hewn to an exadl arch of a circle ; 
the fide walls in like manner are hewn flat and true at the 
place where the float-boards are to work. It is ufual to make 
the fpace between the fide walls two inches narrower at each 
fide, in the circular part where the floats aft, than in the 
other parts. 

In fomc old mills the breaft is made of wood planking, 
but this method has fo little durability that it cannot be re- 
commended. In modern mills, the breaft is lined with a caft- 
iron plate, but we do not approve of thi9, becaufe it is next 
to impoflible to prevent fome fmall leakage of water through 
the mafonry, and this water being confined behind the iron 
breaft cannot efcape, but its hydroftatic preflure to force up 
the iron is enormous ; and if the water can ever infinuate 
itfelf behind, the whole furface of the plate rarely fails to 
break it, if not to blow it up altogether. This is beft guarded 
againft by making deep ribs projefting from the back of 
the plate, and bedding them with great care in the mafonry ; 
thefe not only lirengthen the plate, but alfo cut off the 
communication of the water, fo that it cannot aft upon 
larger fur faces at once, than the ftrength and weight of the 
plate can refill. Stone is undoubtedly the beft material for 
a brealling. In overfhot-wheels the lofs of water, by running 
out of the buckets as they approach the bottom of the 
wheel, may be conflderably diminifhed by accurately form- 
ing a fweep, or cafing round the lower portion of the 
wheel, fo as to prevent the immediate efcape of the water, 
and caufing it to aft in the manner of a breaft-wheel, which 
has been already defcribed. While this improvement re- 
mains in good condition, and the wheel works tiuly, it pro- 
duces a very fenfible effeft ; but it is frequently objeftea to, 
becaufe a flick or a ftone falling into the wheel would be 
liable to tear off part of its fhrouding, and damage the 
buckets ; and again, a hard froli frequently binds all fail, and 
totally prevents the poflibilrty of working during its conti- 
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nuance $ but we do not think the latter a great obje&ion, 
for the water is not more liable to freeze there than in the 
buckets or on the jfhuttle, and may be prevented by the 
fame means, viz. by keeping the wheel always in motion ; a 
very fmall ftream of water left running all night will be Effi- 
cient. Mr. Smeaton always ufed fuch fweep9, and with 
very good effe& ; it is certainly preferable to any intricate 
work in the form of the buckets. 

On felting out W ater-courfes and Dams . — The moft ancient 
mills were underlhot-wheels placed in the current of an open 
river, the building containing the mill being fet upon piles 
in the river. It would foon be obferved that the power of 
the mill would be greatly increafed, if all the water of the 
river was concentrated to the wheel, by making an obft ruc- 
tion acrofs the river which penned up the water to a re- 
quired height ; and alfo to form a pool or refervoir of water. 
A fluice or (huttle would then become neceflary to regulate 
the admiffion of water to the wheel, and other fluices would 
be neceflary to allow the water to efcape in times of floods ; 
for though in ordinary times the water would run over the 
top of the obftru&ion or dam, yet a very great body of 
water running over might carry away the whole work, by 
wafliing away the earth at the foot of the dam, and then 
overturning it into the excavation. This is an accident 
which frequently happens to mills fo fltuated, and the danger 
is fo obvious, that moft water-mills are now removed to the 
fide of the river, and a channel is dug from the river to the 
mill to fupply it with water, and another to return the water 
from the mill to the river. The difference of level between 
thefe two channels is the fall of water to work the mill, and 
this is kept up by means of a weir or dam entirely acrofs 
the river ; but the water can run freely over this dam in 
cafe of floods, without at all affecting the mill, becaufe the 
entrance to the channel of fupply is regulated by fluices and 
fide walls. 

The dam {hould be ere&ed acrofs the river at a broad part, 
where it will pen up the water fo as to form a large pond or 
refervoir, which is called the mill-pond or dam -head. This 
refervoir is ufeful to gather the water which comes down the 
river in the night, and referve it for the next day’s con- 
fumption ; or for fuch mills as do not work inccffantly, but 
which require more water, when they do work, than the 
ordinary ftream of the river can fupply in the fame time. 
The larger the furface of the pond is, the more efficient it 
will be ; but depth will not compenfate for the want of fur- 
face, becaufe as the furface fink9, when the water is drawn 
off, the fall or defeent of the water, and confequently the 
power of the water, dimini flies. 

The dam for a large river fhould be conftru&ed with 
the utmoft folidity ; wood framing is very commonly ufed, 
but mafonry is preferable. Great care muft be taken, 
by driving pile planking under the dam, to intercept all 
leakage of the water beneath the ground under the dam, 
as that loofens the earth, and deftroys the foundation 
imperceptibly ; when a violent flood may overthrow the 
whole. It is a common pradice to place the dam obliquely 
acrofs the river, with a view of obtaining a greater length 
of wall for the water to run over, and confequently prevent 
its riling to fo great a height, in order to give vent to the water 
of a flood. But this is very obje&ionable, becaufe the cur- 
rent of water conftantly running over the dam, always ads 
upon the (hore or bank of the nver at one point, and will in 
time wear it away, if not prevented by expenfive works. 
This difficulty is obviated, by making the dam in two lengths 
which meet in an angle >, the vertex pointing up the 
ftream. In this way tne currents of water, coming from 
the two oppofite parts of the dam, ftrike together, and 
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fpend their force upon each other, without injuring anr 
part. A ftill better form is a fegment of a circle, whicn 
lias the additional advantage of ftrengtb, becaufe if the abut* 
ments at the banks of the river are firm, the whole dam be- 
comes like the arch of a bridge laid down horizontally# 
This was the form generally ufed by Mr. Smeaton. 

The foot of the dam where the water runs down fhould 
be a regular Hope, with a curve, fo as to lead the water 
down regularly ; and this part {hould be evenly paved with 
ftone, or planked, to prevent the water from tearing it up, 
when it moves with a great velocity. 

When the fall is confiderable, it may be divided into more 
than one dam ; and if the lower dam is made to pen the 
water upon the foot of the higher dam, then the water run- 
ning over the higher dam will ftrike into the water, and lofe 
its force. There is nothing can fo foon exhauft the force of 
rapid currents of water as to fall into other water, becaufe 
its mechanical force is expended in changing the figure of 
the water ( fee circular weir in our article Canal) ; but when 
it falls upon ftone or wood, its force is not taken away, but 
only refle&ed to fome other part of the channel, and may be 
made to a& upon fuch a great extent of furface as to do no 
very ftriking injury at any one time, but by degrees it wears 
away the banks, and requires conftant repairs : for it is de~ 
monftrabie that, as much of the force of the water as is not 
carried away by the rapid motion with which it flows, after 
pafling the dam, muft be expended either in changing the 
figure of the water, or in wafliing away the banks, or in 
the fri&ion of the water running over the bottom. 

The cotton-works cf Meffrs. Strutt at Belper, in Derby- 
fhire, are on a large fcale, and the moft complete we have 
ever feen, in their dams and water-works. The mills are 
turned by the water of the river Derwent, which is very 
fubje& to floods. The great weir is a femicircle, built of 
very fubftantial mafonry, and provided with a pool of water 
below it, into which the water falls. On one fide of the 
weir arc three fluices, each 20 feet wide, which are drawn 
up in floods, and allow the water to pafs fideways into the 
fame pool; and on the oppofite fide is another luch fluice, 
12 feet wide. The water is retained in the lower pool by 
fome obftruftion which it experiences in running beneath 
the arches of a bridge ; but the principal fall of the water is 
broken by falling into the water of the pool, beneath the 
great femicircular weir. 

The water which is drawn off from the mill-dam above 
the weir paffes through three fluices, 20 feet wide each, 
and is then diftributed by different channels to the mills, 
which are fltuated at the flde of the river, and quite fecure 
from all floods. There are fix large water-wheels ; one of 
them, which is 40 feet in breadth, we have mentioned, from 
the ingenuity of its conftru&ion ; and another which is 
made in two breadths, of 15 feet each, we have alfo de- 
feribed. They are all brcaft-wheels. The iron-works of 
Meffrs. Walker at Rotherham, in Yorklhire, are very good 
fpecimens of water-works ; as alfo the Carron works in 
Scotland. 

The largeft works for overfliot -mills are in Ruffia, at 
Colpino, near St. Peterlburgh, on the river Neva. They 
were ere£ed principally under the direction of Mr. Gal- 
coigne of the Carron works in Scotland, and have been 
greatly improved by the prefent dire&or, who is an engineer 
of his fchool. An immenfe dam of granite is built acrofs 
the river to pen up the water, until it makes a large refer- 
voir. The wafte and flood waters do not run over this 
dam, but are conduced out of the refervoir by a femi- 
circular branch of the river, and run over a great weir to 
join the original courfe of the river below the works. The 
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mills arc filuatcd in the valley below the great dam, the 
water being conveyed to the wheels by channels coming 
through the dam, and conveyed away into a large tail bafon, 
which is the original courle of the river. The wheels, 
which are v^ry numerous, are all 22 feet diameter. They 
are placed in fev'ral different mills, for rolling and forging 
iron and copper, boring guns, making anchors, &c. Thele 
mills are arranged on the {ides of the tail bafon, which is 
navigable to bring the boats up to them. There are alfo 
two large faw-mills at the end of the femicircular channel. 

Theie works are very complete, owing to the excellent 
execution of the dam and water-works ; but it is not a good 
plan to place the mills beneath the dam, becaufe if it fhould 
fail, or the water pour over it by an extraordinary flood, 
the mills and buildings below would be in danger of being 
carried away ; whereas, on the other conftrudtion, the mills, 
being placed at a diflance from the river, are perfe&ly fafe, 
and would not be injured if the dam fhould be wholly carried 
away. This is not a fault imputable to the gentlemen we 
have mentioned, as the foundations of thefe works were 
commenced in the time of Peter the Grt at, and too far ad- 
vanced to admit of altering the plan radically, when the em- 
prefs Catherine invited Mr. Gafcoigne to Rufiia, in 1786, 
to enlarge them to their prefent magnitude. 

On the Diflribution of the different Falls of IVater in Rivers . 
— In ere&ing a mill, care mull be taken to place it fo that 
it (hall not be impeded by flood-waters, except when they 
rife to excels. When the water below will not run off 
freely, but (lands penned up in the w heel -race, fo that the 
wheel mull work or row in it, the wheel is faid to be tailed, 
or to be in back water or tail water. 

Upon moll rivers in this country all tile falls of water are 
fully occupied, and at every mill there is a weir, which pens 
up the water as high as the mill above can fuffer it to 
Hand without inconvenience. Each miller is anxious to ob- 
tain the greateft poflible fall, and he can at any time aug- 
ment the fall, by raifing the furface of his weir ; but as this 
may produce an inconvenience to the mill above, in prevent- 
ing the water from running freely away from its wheel, it 
is a conflant fource of difpute and litigation. A mill may 
be fubje&ed to tail-water by the concurrence of fo many 
circumftance8, that it is frequently very difficult to know 
where to feek the bell remedy, whether the miller ought to 
raife his wheel higher and dimini fh his own fall, or infill 
upon a diminution of his neighbour's below him by lowering 
his weir. 

The following rule is that which Mr. Smeaton conftantly 
followed, in placing fucceffive dams upon rivers, whether 
for the eredtion of mills or for navigation. In flat countries, 
where the falls of water are fmall, and confequentlv tail or 
back water is moll troublcfome, thofe dams mult be fo 
built, that no one (hall pen the water into the wheel -race of 
the mill next above it, when the river is in its ordinary fum- 
mer’s Hate. The fame rule we have found generally fub- 
fifling in ancient mills. 

This rule is founded upon reafon 5 for if the ereftion of a 
dam does not affe£t the mill above by tail-water, in dry fea- 
fons, when water is the mod fcarce, it can do no material 
injury at any other time. Every mill that is well and pro- 
perly condru&ed will clear itfelf of a confiderable depth of 
tail-water, provided it has at the time an incrcafc of the height 
of water in the mill-dam or head, and an unlimited quantity 
of water to draw upon the wheel ; for if floods produce tail- 
water, they alfo increafe the head water, and afford a fupe- 
rior quantity to be expended. This is the proper means by 
which a number of mills on the fame river are to be cleared 
of back-water, as far as is confident with the mutual enjoy- 
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ment of their feveral falls of water. This alone is a very 
fufficient fecurity againff any one being injured. Common 
bread -mills will bear two feet of tail- water, when there is 
an increafe of head, and plenty of water to be drawn upon 
the wheel, without prejudice to their performance ; but 
mills well condrufted, with flow moving wheels, will bear 
three and even four feet and upwards of tail-water. Mr. 
Smeaton mentions having feen an indance of fix feet ; and it 
is a common thing in level countries, where tail-water is 
mod annoying, today the wheels from fix to twelve inches 
below the water’s level of the pond below, in order to in- 
creafe the fall of water ; and, if judicioufly applied, is at- 
tended with good effect, as it increafes the diameter of the 
wheel, and though it mud always work in that depth of 
tail-water, it will perform full as well, becaufe the water 
ought always to run off from the bottom of the wheel, in 
the fame di re&ion as the wheel turns. 

The law refpe&ing mill property is by no means fettled, 
but is greatly influenced by the cuftom of the mills upon any 
river or in any diftriA; fome few points however areedablifhed. 
Every one has a right to that fall which the water has, in run- 
ning through his own grounds, and may make what ufe he 
pleafes of the defeent of the water, provided that he does not 
divert the water, at the tail of his edate, into any other chan- 
nel, or tli at he does not pen up the water higher than the 
level at which it has always entered into his land ; he has alfo a 
right to infill that the miller below fhall let the water depart 
from his grounds, at the fame level at which it has always been 
ufed to do. The knowledge of this is very neceffary, be- 
caufe a miller very frequently finds himfelf ferioufly injured, 
when he is not entitled to any redrefs. It fcarcely ever 
happens that any confiderable improvements or alteration iu 
mills can be made, without producing difputes among the 
parties intereded. Suppofe, for indance, that there are 
two ancient mills upon a river, with an unoccupied defeent 
in running over the lands between them, the proprietor of 
this land, by deepening the channel and erecting a weir, may 
bring all the fall into one place and ere& a mill, without in- 
fringing the conditions we have laid down ; but dill the 
miller below him may be confiderably injured : for in the 
original date the river, in running down with a regular and 
eafy flope, from the upper mill to the lower, held a great 
quantity of water, which was a corps de referve for the miller 
below, and tended to regulate his fupply. If the upper 
mill flopped working, the water contained in the river would 
flill run down to him, and fo long as that laded he could 
continue to utark, perhaps until the upper mill began to 
work again, and thus he would fuffer no interruption. The 
credtion of an intermediate mill cuts off this refource, and 
he will be obliged to flop working very foon after the new 
mill flops working ; and further, he is obliged to work 
when the new mill is at work, or elfe the water poured 
down will run over his mill-dam and be waded 5 but, in the 
former inflance, the water would have come dowu lefs fud- 
denly, and he might be able to fet to work before the whole 
of the water had efcapcd over his weir. 

In fuch a cafe the lower miller may be inclined to 
appeal to the law, but lie will find that he has no right to 
prevent his neighbour above from ufing the water in the 
fame manner as he does himfelf, and if ne finds any altera- 
tion in his own mill, it is for want of a capacious mill-pond 
to referve the water. In the original date the channel of 
the river in his neighbour’s ground above ferved him in fome 
mcafure as a mill-dam, by retaining the water for a given time, 
though it would not retain it pcimanently. The advantage 
of this he had enjoyed for a long time, when it was no in- 
conMenience to his neighbour, but had acquired no right to 
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demand that his neighbour’s property ihould be facrificed 
for his convenience, but he mull relieve himfelf by making 
an artificial pond for his own mill. 

The fame queflion arifes when any mill is altered or en- 
larged, fo as to confume the water falter than the river 
brings it down, for fuch a mill can only work for fhort in- 
tervals, ,and mud then flop that the water may accumulate 
in the dam until there is a fufficient quantity to fet to work 
again. This is the fyftem of copper-mills and rolling-milli, 
for during the time that the iron or copper is heating in the 
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furnace, the mill is Hopped, and the water gathered in the 
dam ; but when the metal is ready, it is fet to work with all 
the power of the water penned up. This is very prejudicial 
to a mill below, particularly if it is a corn-mill, which can- 
not confume the water fader than the regular fupply of the 
river, and fometimes alfo to mills above by frequently tailing 
their water. 

Much ufeful information on thefe points will be found in 
Smeaton’s Reports, 3 vols. 4to. 1813. 
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Wax 


WAX, a term which comprehends two or three fub- 
ftancca, differing in their nature and origin, and yet poffeff- 
ine fever al common properties. The common properties 
oi the animal and vegetable productions, of which we {hall 

g ive a brief account in the fequel of this article, are fufibi- 
ty at a moderate heat ; when kindled, burning with much 
flame ; infolubility in water ; folubility in alkalies, and alfo 
in alcohol and ether j in which two latter properties all the 
fpecies of wax differ from the concrete oils, to which in 
other refpefts they bear a very ftrong refemblance. The 
moft important, and moft generally known and ufed of thefe 
fubftances, is 

Bees* -wax, excreted from the body of the bee, and em- 
ployed by thefe infefts in the conftruftion of their cells, 
botn for the accommodation of their young and the depo- 
fition of their honey. Of this fubftance, a young hive will 
yield at the end of the feafon about a pound of wax ; and 
an old hive about twice as much. The hncil wax is that 
which is made in dry, heathy, or hilly countries ; but in 
parts abounding with vineyards it is decidedly inferior. 
Although the commonly received notion, which afenbes 
this fubftance to the elaboration of the pollen of flowers, 
which the bees vifibly collect on their thighs, had received 
the fan&ion of ohfervers not lefs diltinguifhed than Bonnet 
and Reaumur (fee Pain D* Jlbeilles), yet the Lufatian So- 
ciety, as long ago as the year 1768, was not unacquainted 
with the fad, that the wax, inltcad of being diichargcd from 
the mouth, is fecreted in the form of thin feales among the 
abdominal rings or fegments. In 1792, the celebrated Mr. 
John Hunter detefted the genuine refervoir of the wax under 
the belly of the bees, and gave an account of his obferva- 
tions in the Philofophical Tranfaftions, ( vol. lxxxii. part 1. ) 
On elevating the lower fegment3, he obferved plates of a 
fufible fubftance, which he afeertained to be wax ; and he 
was convinced, that an effential difference fubfifts between 
the pollen, which thefe little creatures colled with fo much 
care and induftry in the form of pellets on their thighs, and 
the matter of which the combs are conftrufted. This 
curious fubjed has been further invefligated by Meffrs. 
Huber, father and fon ; and they have demon ilrated the 
organs in which the wax is fecreted, though they had eluded 
the perfpicuity of Swammerdam, Hunter, and other acute 
anatomifts. Thefe facklets, or fmal! compartments, now mi- 
nutely explained and illuftrated by engravings, arc peculiar to 
the working bees, which alone produce wax ; and each in- 
dividual is turniffied with eight of them. The waxy matter, 
as it occurs in a tranfuded date in the iecretory organs, 
differs from the frefh wax of the combs only in being of a 
lefs compounded nature, which has been afeertained by 
trials witn fpirit of turpentine and fulphuric ether. Profe- 
cuting thefe refledions, our ingenious authors concluded that 
the common opinion was probably erroneous ; becaufe, like 
Hunter, they had obferved fwarms, newly placed in the 
empty hives, conftrud their combs without fetching home 
any pollen ; while the bees of old hives, where no frefh cells 
were required, neverthelefs provided an ample flock of this 
powder. In order, however, to determine the point more 
dirediy, they confined a recent (warm within an empty 
ffraw-hive, leaving at their difpofal only a fufficiency of 
honey and water for their confumption, and preventing them 
from going beyond the precinds of a well-clofed room ; 
when, in the fhort fpace of five days, they had conftrufted 
five cakes of a beautiful white though very fragile wax. 
This experiment was repeated, and was uniformly accom- 
panied by fimilar refults $ and therefore they no longer hefi- 
tated in admitting the fad, that honey, through the organic 


intervention of bees, may be converted into wax. In order 
to determine whether vegetable pollen, alfo, was fufceptible 
of this converfion, the honey was wholly removed, and the 
confined bees were fed on fruits and pollen, of which laft a 
large (lore was left at their difpofal ; but, though they con- 
tinued in this fituation during eight days, they neither made 
any wax, nor exhibited any plates under their abdominal 
rings. Having fufpeded that the fecretion of wax origi- 
nated in the cohefive principle contained in honey, our 
authors recurred to various experiments, which conftatitly 
proved that fugar alone was an excellent fubftitute for honey, 
and, on fome occafions, afforded a fuperior wax. They 
afterwards found, that bees, when left at perfect liberty to 
roam abroad, aft precifely on the fame principle in the con- 
flruftion of their combs ; and they alfo difeovered, that la- 
bourers of two deferiptions exifl in each hive. The firft, 
fufceptible of acquiring confiderable dimenfions, when they 
have received all the honey which their ftomachs can con- 
tain, are principally deflined to the elaboration of the wax ; 
while the fecond, whofe abdomen undergoes no fenfible 
change of bulk, neither gather nor retain more honey than 
is neceffary for immediate fubfiflence, and readily fhare that 
which they cnlleft with their companions ; who take no 
charge of floring the hive with provifions, their appropriate 
office being to attend the young. Thefe they call nurfing 
or fmall bees, in contradiftinftion to thofe with dilited bel- 
lies, and which, as they fay, are entitled to the appellation 
of “ wax-workers . ” The exiflence and feparate offices of 
thefe two forts of bees were fufficiently afeertained. When 
the hives are filled with combs, the wax-working bees dif- 
gorge their honey into the ufual magazines, and produce no 
more wax ; but, if they have 110 receptacle in which they 
can depofit it, and if the queen finds no cells formed ready 
for the reception of her ova, they retain in their ilomachs 
the honey which they had amaffed ; and, at the end of 24 
hours, the wax oozes out between the rings, when the 
fabrication of the combs commences. The nurfing bees 
alfo produce wax, but in a much fmaller quantity than the 
others. 

As for the ufe of the pollen, our authors have afeertained, 
that it it collected for the purpofe of feeding the young ; 
and they have alfo found, that bees, fed too long on the 
fyrup of fugar alone, are incapable of rearing their offspring, 
and at length defert the hive. The waxy matter* when 
newly fecreted and moulded in its appropriate organs, differs 
from real wax in being tranfparent like feales of talc, white, 
and quite friable, or brittle ; whereas that of which the 
cells are compofed is of a yellowifh -white, opaque, and 
flexible. Our limits will not allow our deferibing the pro- 
cefs obferved by our authors with the aid of a glafs appa- 
ratus, by which thefe infefts commence and conduft the 
conftruftion of their combs. The difference of afpeft and 
confiftcncy between cells juft formed, and thofe wnich are 
of older {landing, cannot fail to attraft the attention of every 
obfervant apiarian. The former are, in faft, of a dull white 
colour, femi-tranfparent, foft, and even, without being 
fmooth ; but, in the courfe of a few days, the whole of 
their internal furface affumes a yellow tint of greater or lefs 
intenfity : their {harp edges become thicker and lefs regu- 
lar ; and thofe tubes, which at firft could not relift the 
{lighted preffure, become flexible, fome what more heavy, 
and more difficult of folution in hot water. The contour 
of the orifice of mature cells is bound with a rim of a reddifh 
and odorous refin, which is alfo employed to cement the 
angles of other parts of the cell. This folder or varnilh is 
found, on chemical trial, to be identical with the propolis, 
11 
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and quite difiind from the wax. Meflra. Huber have not 
only eHablilhed this important fad, but dete&ed the origin 
of the propolis itfelf. Having obtained branches of the 
wild poplar, cut in fpring before the developement of their 
leaves, with very large buds filled with vifeous, reddifh, and 
odorous juice, they placed thefe ki the way of the bees to 
the fields, fo that they mull fee them ; foon after this ar- 
rangement, a bee alignted on one of the branches, and ap- 
proached one of the largoft buds ; fhe then feparated its 
folds with her teeth, attacked the parts which (lie had half- 
opened, pulled off filaments of the vifeid matter with which 
they were filled, and then feixed, with one of the legs of 
the fccond pair, the fubfiance held between her jaws, 
brought forwards one of her hind-legs, and finally placed in 
the bafket of that leg the little ball of propolis which flic 
had jull collected. Having accomplifhed this object, (he 
again opened the bud in another place, carried off irew 
threads of the fame matter with her teeth, laid hold of them 
with the legs of the fccond pair, and placed them nicely on 
the other balkct. She then took her departure, and re- 
joined her hive. In a few minutes afterwardvS, a fccond bee 
alighted on the fame branches, and loaded herfelf with pro- 
polis in the fame manner. This propolis was found to be 
different from the matter which imparts the yellow colour 
to the wax, which is probably fecreted in the cavity of the 
teeth, and depofited on the wax. We obferve, however, 
that bees are not contented with merely painting and var- 
nifhing their cells, but they alio impart additional folidity 
to their aggregate amount by the life of a mortar, com- 
pofed of wax and propolis ; and which the ancients, who had 
not overlooked this department of their economy, termed 
metis, or pijfocerum . (oee PitoroLis.) With the ne- 
ceffary documents before us, we cannot forbear intro- 
ducing fome further obfervations on the economy of thefe 
infe£U, though they are not immediately connected with the 
fubjed of this article. As the clofenefs of a hive, and the 
multitude of living creatures which inhabit it, (amounting 
fometimes to twenty-five or thirty thoufand,) arc circum- 
ftances which feem to preclude a free ventilation and re- 
newal of air, we might be induced to fuppofe that bees are not 
endowed with any particular fyftem of refpiratory organs, 
and that they arc capable of exifting in any atmofphere, how- 
ever vitiated. As a tell of this fuppolition, our ingenious 
and perfevering authors recurred to various experiments ; 
which inconteflibly prove, that thefe iufeds cannot long 
exifi either in vacuoy or in air that is contaminated by noxious 
gates ; that, in fhort, they breathe like other animals of their 
clafs ; and that they are fpeedily deprived of life if the pro- 
cefs of refpiration be arretted. Yet it refults, from eudio- 
metrical trials, that the afir of a well-ftocked hive is equally 
pure with that of the atmofphere. It has been afeertained, 
too, that neither wax nor pollen favours the production of 
oxygen gas, and that the bees themfelves have no internal 
faculty of generating vital air ; fince, if that of the atmo- 
fphere be entirely excluded, they are obferved to perifli in 
the courfe of a few hours. Our authors, therefore, took an 
opportunity of examining, whether the indullry of thefe in- 
fers prefented no particular caufe of this phenomenon ; and 
at length they were firuck by the connexion which might 
fubfiil between the circulation of the air and that beating of 
the wings which they had recently obferved, and which occa- 
fioned a continual humming in the interior of their habit- 
ation. They fufpeded that the play of thefe membranes, 
which imprefs the air with fuificient force to elicit from it a 
very difiind found, might be defiined to replace that which 
baa been vitiated by refpiration. Although this may feem 
£o be a trivial caufe for counterading the pernicious effedfc 


above Hated, yet by putting the hand near to a fanning- 
bee, we fhall perceive that die agitates the air in a manner 
that is very fenfible, and moves her wings with fuch rapidity 
as that they are fcarcely dillinguifhable. 

United at their edge by means of fmall hooks, the two 
wings of each fide prefent a larger furface to the air, on 
which they have to Itrike ; they form, betides, a flight con- 
cavity, which fhould fomewhat contribute to increafe their 
energy ; and we may be fatisfied that they deferibe an arc 
of 90°, becaufe we fee them, timultaneoufly, on the two ex- 
tremes of their vibrations. When engaged in this exercife, 
the bees cling fail to the Hand with their legs, the firlt 
pair being projeded forwards, the fecond feparated and 
fixed to the right and left of the body, while the third, 
clofely approximated, and in a diredion perpendicular to 
the abdomen, contributes to fupport the hinder parts iri an 
elevated pofition. During the fine fcafon, we may always 
obferve a certain number of bees agitating their wings in 
front of the entrance to their hive ; but we may alfo be con- 
vinced, by infpedion, that Hill more of them are employed 
in fanning within their dwelling. The ordinary Hation of 
the ventilating bees is on the lower floor of the hive. All 
thofe which are occupied in this way, on the outfide, have 
their heads turned towards the entrance, but thofe within 
prefent their backs to it. Thefe bees feem to arrange them- 
felves methodically, fo that they may manage the ventilating 
procefs with the greateH eafe ; being diftributed into files, 
which terminate at the entrance of the hive, and are fome- 
times difpofed like fo many diverging rays ; but this order 
is not uniform : and it is probably owing to the neceflity to 
which the fanning bees are fubjeded of leaving room for 
fuch as go and come, whofe rapid courfc conflraina them to 
form in file, that they may avoid being jollied and over- 
turned at every inllant. More than 20 bees may fometimea 
be feen ventilating in the lower part of the hive ; but their 
number at other times is fmaller ; and each of them vibrates 
her wings for a longer or fhortcr period. They have been 
obferved to continue the exertion during 25 minutes, with- 
out relling ; although they feemed occafionally to take 
breath by fufpending the vibration of their wings for an al- 
moft imperceptible inllant ; but, as foon as they ceafe from 
fanning, others take their place, fo that the humming noife 
in a well-filled hive never fuft'ers interruption. 

But to return from this digreffion to the principal fubjed 
of the article. 

Bees 9 -wax makes a very confiderable article in commerce ; 
the confumption of it throughout the feveral parts of Eu- 
rope being incredible. There are two kinds, •white and yel- 
low ; the yellow is the native wax, jull a9 it comes out of 
the hive, after expreflirig the honey, &c. This colour, fays 
Thorley, is owing to the age of the combs, and breath of 
the bees ; wax, he fays, both as it is gathered, and wrought 
into combs, being always white : the white is the fame 
wax, only purified, wafhed, and expofed to the air. The 
preparation of each follows. 

Wax, Fellow. To procure the wax from the combs for 
ufe ; after feparating the honey from them as much as par- 
tible by the prefa, they are either foaked for fome days in 
clear water, in order to extrad all the honey, or they are 
broken into pieces, and fpread on a Iheet near the hives, fa 
that the bees in time luck out all the honey that is left, and 
reduce the wax into fmall fragments like bran. Then the 
•whole of the wax is put into a large kettle, with a fufficient 
quantity of water ; and with a moderate fire, it is melted, 
and then firained through a linen cloth, by a prefs, and thus 
freed from all remaining impurity. Before it is cold, they 
feum it with a tile, or a piece of wet wood, and caH it, 
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while yet warm, in wooden, earthen, or metalline moulda ; 
having firft anointed them with honey, oil, or water, to pre- 
vent the wax from (licking. Some, to purify it, make ufe 
of Roman vitriol, or copperas ; but the true fecret is to 
melt, fcum it, flee. properly, without any ingredients at 
all. 

The bed is that of a high colour, an agreeable fmell, 
fomewhat refembling that of honey, foft, fomewhat unc- 
tuous to the touch, but not (licking to the fingers, nor 
to the teeth when chewed. When new, it is of a lively yel- 
low colour ; it is fomewhat tough, yet eafy to break ; by 
age, it lofes its fine colour, and becomes harder and more 
brittle. In winter it becomes confiderably hard and tough. 
It is deprived of its yellow colour and fmell by expofing it 
in thin laminae to the a&ion of the light and air, in the pro- 
cefs of bleaching ; by which it becomes perfe&ly white, 
fcentlefs, fomewhat harder, and lefs greafy to the touch. How- 
ever, wax is often fophifticatcd with refin, or pitch, coloured 
rocou, or turmeric. 

The prefence of refin may be fufpe&ed when the fra&ure 
appears fmooth and fhining, inflead of being granulated : and 
it may be faturated by putting fmall pieces of the wax into 
cold alcohol, which will readily diflolve the refinous part, 
without affecting the wax in any confiderable degree. 

Its adulteration with earth or peas meal may be fufpe&ed 
when the cake is very brittle, and the colour inclining more 
to grey than bright pale yellow ; and they may be feparated 
by fmelting and fl raining the wax. White wax is fometimes 
adulterated with white oxyd of lead, in order to increafc its 
weight. This may be known by melting the wax in water, 
when the oxyd falls to the bottom of the veffel. 

It is alfo adulterated by tallow, fuet, or any kind of ani- 
mal fat. It then becomes more fufible, and when rcbleached 
and expofed to a hot fun, it is very apt to cake. It like- 
wife lofes its fcmi-tranfparency,the diftingui filing property of 
pure bleached wax. This adulteration may be detected by 
boiling alcohol, which will diflolve wax, but not tallow. 

Wax, White. The whitening, blanching, or bleaching 
of wax, is performed by reducing the yellow fort, firft, 
into little bits or grains, and melting it in a copper cauldron, 
with water juft fufficient to prevent the wax from burning. 
The cauldron in which the wax is melted is fo difpofed, that 
it may flow gradually through a pipe at the bottom into a 
large tub filled with water, and covered with a thick cloth, 
to preferve the heat till the water and impurities are fet- 
tled. From this tub the clear melted wax flows into a veffel, 
the bottom of which is full of fmall holes, about the fize of 
a grain of wheat, and hence it falls in fmall ftreams upon a cy- 
linder, conftantly revolving over water, into which it occa- 
fionally dips, fo that the wax is cooled, and at the fame 
time drawn out into thin fhreds or ribbands. The conti- 
nual rotation of the cylinder carries off thefe ribbands as fall 
as they are formed, and diflributes them through the tub. 
The wax, thus granulated or flatted, is expo fed to the air 
on linen cloths, flretched on large frames, about a foot or 
two above the ground, in which fituation it remains night 
and day for feveral days, expofed to the air and fun ; and 
thus the yellow colour nearly difappears. In this half- 
bleached (late, it is heaped up in a folid mafs, and allowed to 
remain for a month or fix weeks ; after which, to complete 
the procefs for whitening it, it is re-melted, and ribbanded, 
and bleached as before, (in fome cafes feveral times) till it 
wholly lofes its colour and fmell. Some manufafturers, in 
re-melting it, add alum or cream of tartar, which are fup- 
pofed to increafe the whitenefs and folidity of the wax. 
Some alfo, inflead of fpreading the ribbands of wax on 
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cloths, lay evenly a broad courfe of bricks, which are fre- 
quently watered, fo that the wax is kept from melting by 
trie fun's heat abforbed by the bricks. 

When the fun and air have at length perfe&ly blanched 
the wax, fome melt it for the lafl time in a large kettle ; 
out of which they call it, with a ladle, upon a table, co- 
vered over with little round dents or cavities, of the form of 
the cakes of white wax, as fold by the apothecaries, See. 
having firft wetted thofe moulds with cold water, that the 
wax may be the more eafily got out. Laftly, they lay out 
thefe cakes to the air for two days and two nights, to ren- 
der it more tranfparcnt and dry. 

As the volatile fulphureous acid has the property of de- 
ftroying more quickly almofl all the colours of vegetables, it 
has been fuggefted by Macquer, the author of the Chemical 
Di&ionary, that this bleaching might perhaps be fhortened, 
by expoiing ribbands of yellow wax to the vapour of ful- 
plnir, as is pra&ifed for wool and filk ; but this procefs has 
not been found to fucceed. 

However, the operation of bleaching wax above deferibed 
can be performed well only in fine weather, as it depends 
chiefly on the a&ion of the fun. This circumftance being 
attended with much inconvenience to the manufa&urers, the 
difeovery of a method of whitening wax independently of 
the feafons would be very ufeful, and has been recommended 
to the attention of chemifts by fome economical focietiea. 

With a view to difeover fuch a method, Mr. Beckman 
has made experiments, an account of which is publifhed in 
the fifth volume of the " Novi Commentarii Societatis Re- 
giae Scientiarum Gottingenfis." According to thefe experi- 
ments, thin pieces of yellow wax were whitened and har- 
dened, by being digefled and boiled in diluted and undi- 
luted nitrous acid, in a few hours. But the wax thus 
whitened, being melted by means of boiling water, was ob- 
ferved to acquire a yellow colour, lefs intenfe, however, than 
it was before it had been ’treated with the mineral acids. 
The marine and vitriolic acids were lefs effe&ual than the 
nitric or nitro-muriatic. He expofed wax to the flames of 
burning fulphur, but without fuccefs. Yellow wax being 
melted in vinegar, was rendered of a grey colour. The ou 
of tartar whitened wax, but lefs effectually than acids had 
done ; and this wax being wafhed in water, and afterwards 
digefled in nitrous acid, was rendered dill more white; 
but upon melting it in water, a yellowifh tinge returned. He 
liquefied wax in folutions of nitre and alum, but without 
any good effect. Spirit of wine, which is recommended by 
Mr. Boyle for this purpofe, did indeed whiten the wax, but 
changed it to a butyraceous fubftance, fo frothy, that its 
bulk was increafed thirty times. Refle&ing that tartar is 
purified from its oily particles by means of a calcareous 
earth, he tried the effe&s of a kind of fuller's earth, which 
he threw upon wax liquefied in water, and he agitated the 
mixture. This method rendered wax of a greyifh colour, 
and is, therefore, recommended by him as preparatory to 
bleaching ; the time neceflary for which, he thinks, may be 
thus greatly fhortened. 

M. Sennebier made fome remarks on the effe& of light, 
and other fuppofed difcolouring agents. Some yellow wax 
was melted, and thinly fpread upon a plate of glafs ; and a 
fimilar plate was laid upon it when hot ; and the edges of the 
plates were clofed with fealing-wax. Thus the bees’-wax 
was deprived of the accefs of air, and it was placed in the 
fun, to the light of which it was expofed for four or five 
hours daily. Another quantity of wax was inclofed be- 
tween plates in a like manner, but kept in the dark. In 
two days the wax expofed to the fun began to bleach, and 
C c 
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in a month's time the whole, when it did not exceed one- 
tixth of an inch in thicknefs, was quite white ; whilft no 
change at all took place in that which was kept in darknefs. 

Alcohol has no fenfible a&ion on wax when cold, but if 
the fluid be boiled, it will diffolve rather lefs than one- 
twentieth of its weight of wax ; and the greater part of it 
{eparates, when cold, in the form of white bulky flocculi, 
while the fmall quantity that remains is wholly precipitated 
by water. Such is the refult of Pearfon’a and Bollock’s ex- 
periments ; whereas Fourcroy, Chaptal, and Nicholfon 
affert, that it is infoiuble in this fluid. Sulphuric ether dif- 
folves wax when heated, and much more copioully than 
alcohol diflolves it, but the greater part, like that of the 
former, is feparated by cooling, and the remainder by water. 
Wax boiled in caultic potafh makes the fluid turbid, and in 
procefs of time rifes to the furface in a flocculent form. 
The portion of the wax, held in folution by the clear alkaline 
liquor, may be feparated by an acid, and the refidue float- 
ing on the furface is fo far converted into a faponaceous 
ffcate as to have loll its inflammability, and to be no lefs fo- 
lublc in pure water than white foap, and again precipitable 
by acids nearly in it6 original form, with a reftoration of its 
inflammability. Pure ammonia nearly refemblcs the fixed 
alkalies in its a&ion ; but the refulting faponaceous form is 
lefs foluble in water. 

When yellow wax has been long fwimming in a folution 
of carbonate of potalh, it becomes grey ; and this colour 
is entirely changed into a milk white by fubfequent digef- 
tion in nitric acid, and the wax refumes its whitenefs. 

If wax be dillilled with a heat greater than that of 
boiling water, it may be decompofed. By this diftil- 
iation, a fmall quantity of water is firll feparated from the 
wax, and then fome very volatile and penetrating acid, 
(probably a modification of the acetous,} accompanied 
with a fmall quantity of a very fluid and very odoriferous 
oil. As the diflillation advances, the acid becomes more 
and more ffrong, and the oil more and more thick, till 
its confidence be fuch, that it becomes folid in the 
receiver, and is then called butter of wax. When the dif- 
tillation is linilhed, nothing remains but a fmall quantity 
of coal, which is almoft incombullible, from the want of 
fome faline matter. Wax cannot be kindled, unlefs it 
be previoufly heated, and reduced into vapours ; in which 
refpeft it refembles fat oils. The oil and butter of wax may, 
by repeated diftillations, be attenuated, and rendered more 
and more fluid, bccaufe fome portion of acid is thereby 
feparated from thefe fubflances ; which effeft is fimilar to 
what happens in the diflillation of other oils and oily con- 
cretes ; but this remarkable effect attends the repeated 
diflillation of oil and butter of wax, that they become more 
and more foluble in fpirit of wine 5 and that they never ac- 
uire greater confillence by the evaporation of their more 
aid parts. Boerhaave kept butter of wax in a glafs veflcl 
open, or carelefsly clofed, during twenty years, without ac- 
quiring a more folid confillence. Wax, its butter, and its 
oil, 63 Fer entirely from effential oils and rcfins, in all the 
above-mentioned properties ; and in all thefe perfectly re- 
fcmble fweet oils. Hence Macquer concludes, that wax 
only refemblcs refills in being an oil rendered concrete by an 
acid ; but that it differs effentially from thefe in the kind of 
oil, which in refins is of the nature of effential oils ; while 
in wax and other analogous oily concretions, it is of the na- 
ture of fweet, un&uous oils, that are not aromatic, and 
not volatile, and are not obtained from vegetables by cx- 
preflion. 

Although wax is not diffolublc at all in watery liquors, 
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yet the gelatinous folution obtained by boiling it in fpirit 
of wine, by mixture with a thick mucilage of gum arabic, 
becomes foluble in water, fo as to form therewith an 
emulfion or milky liquor : the wax itfelf is made in like 
manner foluble, without the intervention of fpirit, by 
thoroughly mixing it with the gum in fine powder ; but 
when thus diffolved, it proves Hill mfipid, and perfe&ly void 
of acrimony. 

Wax is loluble abundantly in the fixed oils, and melted 
with them, produces an uniform mafs, the confiflence of 
which, whatever be the proportion of each, is interme- 
diate between the two. It is diflblvcd but fparingly in 
effential oils. 

Bleached wax burns with a very pure white light, with- 
out any offenfive fmell, and with much lefs imoke than tal - 
low ; and as it is lcfsfufible than tallow, it requires a (mailer 
wick. ( See Candles. ) Bleached w ax melts at about 155" of 
Fahrenheit ; and the unbleached at 142", according to Pear- 
fon and Nicholfon, and alio Dr. Bollock, but at 1 17 ac- 
cording to Fourcroy ; wliilfl tallow melts at 92“, fporma- 
ceti at 1 33 0 , adipocireat 127 0 , and the pda of the Chinefe 
at 14$°. (See Nicholfon’s Journal, vol. i. p. 70, 4tod 
The fpecific gravity is lefs than that of water, being about 
.96. 

The yellow wax is brought to market in round cakes about 
two inches thick ; and large quantities of it arc imported, 
from the Baltic, the Levant, and the Barbary coafl. 

The white wax is ufed in the manufacture of candles, 
torches, tapers, figures, and a variety of other wax-works. 
See Candles, &c. 

It isalfo an article of the Materia Medica> and ufed as an 
ingredient, partly for giving the rcquifite confiflence to other 
ingredients, and partly on account of its own emollient 
quality, in plafters, cerates, and divers pomatums and un • 
guents for the complexion. 

The yellow fort, diffolved into an emulfion, or mixed 
with fpermaceti, oil of almonds, conferve of rofes, 8ct\ 
into the form of anele&uary ; or divided, by ftirring into it, 
w r hen melted over a gentle fire, as much as it will take up of 
owdery matter, as the compound crab’s-claw powder, has 
ecn given alfo internally, and, as fome have pretended, often 
with great fuccefs, in diarrhoeas and dyfenteries, for ob- 
tunding the acrimony of the humours, fupplying the natural 
mucus of the inteftines, and healing their excoriations or 
erofions. 

The empyreumatic oil, into which wax is refolved by dif- 
tillation with a ftrong heat, is greatly recommended by 
Boerhaave and others, for healing chaps and roughnefs of 
the fkin, for difeufling chilblains, and with proper fomenta- 
tions and exercife, againft fliffnefs of the joints, and con- 
tractions of the tendons. It is, without doubt, fays Dr. 
Lewis, highly emollient ; but does not appear to have any 
other quality by which it can a& in external applications ; 
it has nothing of the acrimony or pungency which prevail 
in all the other known diftilled vegetable oils ; though in 
fmell it is not a little difagreeable and empyreumatic ; a fcir- 
cumftance which occafions it to be at prefent more rarely 
ufed than formerly. As the wax fwells up greatly in the 
diflillation, it is convenient to divide it, by melting it with 
twice its weight of fand ; or putting the fand above it in the 
retort, that it may mingle with the wax when brought into 
fufion. The oil, which is preceded by a fmall quantity of 
acid liquor, congeals in the neck of the retort, from whence 
it may be melted down, by applying a live coal, and made 
fluid by redillilling it two or three times without addition. 
The faeces remaining, after exprefGng the wax, have been 
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ufed both by furgeons and farriers, with fuccefs, againil 
ft rains. 

The officinal preparations are as follow : cera flaw 
purificata of Dub. Ph. ; oxidum antimonii vitrifcatum 
cera of Edinb. ; emplafirum cent of Lond. and Edinb. ; 
emplajlrum cumini of Lond. ; empL pic is compojttum of 
Lond. ; empL oxidi ferri rubri of Edinb. ; empL ajfa - 
foetid* of Edinb. ; empL gummofum of Edinb. ; empL 
meloes veficatorii of Edinb. and Lond. ; empL gallant 
of Dub. ; empL aromaticum of Dub. ; ceratum of Lond. 
and Dub.; ceratum calamin * of Lond. and Dub.; ceratum 
refines of Lond. Edinb. and Dub. ; ceratum fab'tn* of 
Lond. and Dub. ; ceratum faponis of Lond. ; unguentum 
picis arid* of Lond. and Edinb. ; ung. infufi meloes vejicatorii 
of Edinb.; and ung. cantharidis of Dub. rh. For the firft, 
fee white-wax below. The fecond, or vitrified oxyd of an- 
timony with wax, formerly waxed glafs of antimony, is 
formed by melting one part of yellow wax in an iron veffel, 
and throwing into it eight parts of oxyd of antimony 
vitrified with fulphur, reduced to powder, and roafting 
the mixture with a gentle fire for a quarter of an hour, 
ftirring it afliduoufly with a fpatula ; then pouring out the 
latter, and when cold rubbing it into a powder. This pre- 
paration is diaphoretic and cathartic, occafionally exciting 
naufea and vomiting. It was formerly thought to pofiels 
efficacy in diarrhoea and dyfentcry ; but is now fcarcely ever 
prescribed. The dofe may be from gr. ij. to gr. xv. given 
twice or three times a day. For the empL cera , fee Wax Plas- 
ter. For the 4th, fee Emplastrum e Cymino. For the 
5U1, fee Compound Pitch Plaster. For the 6th, fee Plas- 
ter of red Oxyd of Iron . For the 7th, fee AJfa Fatida 
Plaster. Fur the 8th, fee Gum Plaster. For the 9th, 
10th, and nth, fee Plaster. For the others, compre- 
hending cerates and ointments . See UNGUENTUM. 

The bleached or white wax is generally melted and caft, 
in the manner already dated, into thin difes, about 5 inches 
in diameter, in which form it is found in the ftiops. For 
medical purpofes, it is regarded as a demulcent ; and has been 
fometimes adminiilered in obftinate cafes of diarrhoea and dy- 
fentery, with the view of fheathing the bowels ; which effe& 
is better produced by fimple mucilages and folutions. It is 
generally exhibited diffufed in mucilaginous fluids by means of 
foap, in the proportion of }d part of the wax, with which it 19 
firft melted, and then rubbed in a mortar, with the fluid gra- 
dually added ; but a preferable method is faid to be that of 
Poerner, which is firft to melt the wax with olive oil, and 
then mix the oily compound while hot with the mucilagin- 
ous fluid, by triturating with the yolk of an egg. The dofe 
is a cupfull of the emulfion, containing about 9j of wax, 
given every four or five hours. This wax, as well as the 
yellow fort, is much ufed in the compofition of plaftera and 
ointments. The officinal preparations are ceratum cetacei 
of Lond. Edinb. and Dub. pharmacopeias ; unguentum ce- 
tacei of Lond. and Dub. 5 ung. hydrargyri nitrico-oxydi of 
Lond.; linimentum fimplex of Edinb.; and ung . /implex of 
Edinb. See Ceratum, Liniment, and Unguent. Lewis's 

Mat. Med. . . 

Yellow wax is made foft with turpentine, yet retains its 
natural colour. Red wax is only the white melted with tur- 
pentine, and reddened with vermilion or alkanet. Verdi- 
grife makes it green ; and burnt paper, or lamp-black, black. 
Some travellers tell us of a natural black wax ; affuring us 
there are bees, both in the Eaftand Weft Indies, that make 
an excellent honey, included in black cells. Of this wax, 
they fay, it is, that the Indians make thofe little vafes, in 
which uiey gather their balfam of Tolu. 

Wax is afro produced by the fecretion of many plants, 
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and forms the filvery powder or bloom, which covers their 
leaves and fruit. It is found very abundantly combined 
with refin, covering the trunk of the wax -palm ( Ceroxylon ) 
of South America, found in the Quinoliu mountains, 180 
feet high, with leaves 20 feet long, the trunk of which is 
covered with the waxy fecretion about two inches thick, 
and confifting of two-thirds of refin and one of wax ; and 
very pure, encrufting the feeds of the Myrica cerifera % or 
wax-tree of Louifiana, and other parts of North America. 
The Pe-la of the Chinefe is an animal wax, and the white 
lac of India appears to be a variety of wax 5 fo that wax 
may be regarded, in the extended meaning of the term, both 
as an aaimal and a vegetable product. The croton febi- 
ferum, the tomex febifera, the poplar, the alder, the pine, 
as well as the Myrica, afford a concrete inflammable matter 
by deco&ion, that more or iefs refembles tallow or wax, 
that is, a fixed oil faturated with oxygen. But the Myrica 
cerifera fupplies it in the greateft abundance. The grains 
of this tree, and the fhining wax obtained by boiling them 
in water, have been long ago, in 1722 and 1725, no- 
ticed in the Hiftory of the Academy of Sciences. The 
wax, it was obferved, is drier and more friable than our's ; 
and it was found, that the liquor in which the grain had 
been boiled, and from which the wax was procured, af- 
forded, on evaporation, a kind of extra& that checked the 
moft obftinate dyfenteries ; and the inhabitants of Louifiana 
arc faid to have made candles of the wax. Several authors 
have mentioned different fpecies of thefe trees ; but the wax 
they afford has more lately been the fubje& of experimental 
inveftigation, particularly by M. Cadet and Dr. Bollock. 
The moft fertile of thefe fhrubs afford near feven pounds of 
berries, the gathering of which employ feveral families. 
Thefe berries are thrown into a kettle, and covered with 
water. Whilft the water is boiling, the grains are ftirred 
about again ft the Tides of the veffel, fo that the wax may 
more cafily come off. In a little time it floats on the water 
like fat, and being colle&ed, is ftrained through a coarfe 
cloth, to free it from any impurities. This operation is re- 
peated with frefh berries ; and when a confiderable quantity 
of wax has been obtained, it is laid upon a cloth to drain on 
the water ; and it is then dried and melted a fecond time ; 
and when thus purified, formed into maffes. Four pounds 
of berries afford about one of wax ; that which is firft 
obtained is generally yellow ; but in the latter boilings it 
affumes a green colour, from the pellicle with which the 
kernel of the berry is covered. M. Cadet made a variety 
of experiments on thefe berries, and found that the powder 
which was obtained from them afforded an aftringent folu- 
tion by alcohol, and that it contained gallic acia, but do 
tannin ; and to this acid he attributes their effe& in dyfen- 
terics. The wax, obtained either by the deco&ion of the 
grains, or the folution of the powder when precipitated 
from alcohol by water, when melted, is always of a greenifh- 
ycllow ; of a firmer confiftence than bees’-wax, dry, and fuf- 
ficiently friable to be pulverized; and evidently more 
oxygenated than the wax prepared by bees. Candles made 
of this wax yielded a white flame, a good light, without 
fmoke, and without guttering ; and when quite frelh, they 
emit a balfamic odour, confidered in Louifiana as very falu- 
brious to perfons in bad health. Diftilled in a retort, this 
wax, for the moft part, paffes over in the form of butter. 
This portion is much whiter, and has no more confiftence 
than tallow. Another portion that was decompofed af- 
forded a little water, with fome empyrcumatic oil and 
febacic acid. Much carbonated hydrogen gas and carbonic 
acid gas were difengaged ; and 'there remained in the retort 
a black and coaly bitumen. Ether was found to diffolve 
Cc 2 
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this wax better than alcohol. Oxygenated muriatic acid 
rendered this, as well as bees’-wax, perfectly white ; but 
the vegetable wax was bleached with the greateft difficulty. 
The folution in ammonia is of a brown colour, and a por- 
tion of the wax is rendered foapy ; and it forms foap with 
fixed alkali. When the foap of Myrica is decompofed, a 
very white wax is obtained, but in a date unfit for our ufes. 
Litharge diffolves very well in this melted wax, and forma 
a hard plafter, the confidence of which may be diminifiied 
at plcafure by the addition of a little oil. For bleaching 
this wax, M. Cadet obferves, that two re-agents prefent 
themfelves to manufacturers, the fulphuric acid and the oxy- 
genated muriatic acid. He propofes the following method 
as the mod fpeedy in its effect : — Let the wax be reduced to 
a very divided date, and dratified in a calk with fuper- 
oxygenated muriate of lim^, and let them remain for fome 
time in contact without water. Let the fait be afterwards 
decompofed with water, acidulated by the fulphuric acid ; 
taking care to pour the water a little at a time at different 
intervals, until there (hall be no longer any perceptible dif- 
engagement of muriatic gas ; at which period a large quan- 
tity of water is to be added, and the mixture agitated with 
a daff. The infoluble fulphate of lime falls down by repofe, 
while the bleached wax rifes and fwiins at the furface. 
This is to be waffied and melted on the water bath. Our 
author clofes his memoir with recommending the culture of 
the plant that yields this wax, and with a brief detail of 
methods for effecting this purpofe. Dr. Bollock has alfo 
profecuted an inquiry into the nature and ufes of myrtle 
wax. He finds that in its more important properties it re- 
fcmblcs bees’-wax, but that in fome refpe&B they differ from 
one another. The myrtle wax is moderately hard and con- 
fident, poffeffing in part the tenacity of bees’-wax, without 
its un&uofity, and alfo, in fome degree, the brittlenefs of 
refin. The prevalent colour is pale green, tending in mod 
of the pieces to a dirty grey ; in others it is lighter, more 
tranfparent, and of a yellowilh tinge. Its fpecific gravity 
is about 1. 0150, water being 1.000, fo that it finks in it, 
and the white bees’-wax being .9600. Water has no action 
upon it, either when cold or at the boiling heat. Alcohol, 
when cold, does not affedt it ; but 100 parts, by weight, 
of this fluid, when boiling, diffolve about five parts of the 
wax. Nearly four-fifths are depofited by the cooling of the 
alcohol ; one-fifth remains fufpended, but in the courfe of a 
few days is (lowly depofited, or may be precipitated by the 
addition of water. Sulphuric ether, when at the common 
temperature of the atmofphere, diffolves only a fmall quan- 
tity of this wax, but a&s upon it rapidly when boiling. 
It takes up fome what more than one-fourth of its own 
weight. As the ether cools, it is tnoflly feparated, and the 
fmall refidue may be precipitated by water. After folu- 
tion, the wax is nearly colourlefs, and the fluid affumes a 
beautiful green hue. The depofit by evaporation fomewhat 
refembles fpermaceti. Redtified oil of turpentine, at the 
temperature of the atmofphere, foftens the wax, but does 
not diffolve it : aided by a moderate heat, 100 grains of the 
turpentine diffolves fix grains of the wax. The turpentine 
acquires a light green tinge, part of the wax is feparated as 
the fluid cools, and part remains permanently diffolved in it. 
Pure potafh renders it colourlefs by boiling, and forms a 
foap with a fmall part, which being decompofed by acid, 
affords the wax nearly unchanged. Pure ammonia ads 
nearly as potalh, but more feebly. The three principal 
mineral acids a£l upon the myrtle wax, but with no great 
force. The fulphuric acid, with a moderate heat, diffolves 
about one-twelfth of its weight, and converts it into a thick, 
dark-brown xnafs, which on cooling becomes nearly con- 
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crete, but without any feparation of the wax. The nitric 
and muriatic acid9, even when heated, feem to poffefs little 
attraction for the wax. From fuch experiments, Dr. Bof- 
tock affigns to myrtle wax, with a confiderable degree of 
probability, the place which it (hould occupy among che- 
mical fubdances. Its inflammability, fufibility, infolubility 
in water, and the action which takes place between it and 
the alkalies, indicate its affinity to the fixed oils ; while its 
texture and confidence, and more particularly its habitudes 
with alcohol and ether, manifed a refemblance to the refins. 
Upon the whole, we may confider the myrtle wax as a fixed 
vegetable oil, rendered concrete by the addition of a quan- 
tity of oxygen ; and feeming to hold the fame relation to 
the fixed, which refins do to the effential oils of vegetables. 
Dr. Bodock has indituted a comparifon between myrtle 
wax and other fubdances which it refembles, fuch as bees’- 
wax, fpermaceti, adipocire, and the crydalline matter of 
biliary calculi ; and, upon the whole, deduces this conclu- 
fion, that though thefe five fubdances pofleis certain pro- 
perties in coqpmon, and have a degree of iimilarity in their 
external appearance, yet that they differ materially in their 
chemical nature. There is indeed, he lays, reafon to con- 
jecture, that they are all rompofed of the fame elements, 
combined together in different proportions, and with dif- 
ferent degrees of attrattion. Nicholfon’s Journal, vol. iv. 
8 vo. 

Wax, Chafe . See Chafe. 

Wax, Crude or Rough, called by the French c'tre brute, 
in Natural Hiflory , a name given to a fubdance called by the 
ancients erithace , fandarac , and ambrojia. 

We feem to have no name for it in Englifh, but may call 
it after the name of the French, rough wax. 

The Dutch call it the food of the bees, and that, per- 
haps, very properly, there appearing many reafons to think 
that the bees cat it. 

This is the yellow fubdance found on the hinder legs of 
bees in fmall lumps, of which, as Reaumur and lome others 
crroneoufly thought, wax is made by this infect. Sec Pain 
d’Meilles. 

Wax, Myrtle . See My me a, and W a \, fupra. 

Wax, Virgin, Propolis , is a fort of reddifh wax, ufed 
by the bees to dop up the clefts or holes of the hive. It is 
applied juft as taken out of the hive, without any art, or 
preparation of boiling, See. It is the mod tenacious of any, 
and is held good for the nerves. See Propolis. 

Wax, Sealing, or Spanijh IV ax, is a compofition of gum 
lacca, melted and prepared with refins, and coloured with 
fome fuitable pigment. 

There are two kinds of fealing-wax in ufe : the one hard, 
intended for fealing letters, and other fuch purpofes, where 
only a thin body can be allowed ; the other foft, defigned 
for receiving the impreffions of feals of office to charters, 
patents, and fuch written indruments. 

The bell hard red fcaliug-wax is made by mixing two 
parts of: (hcll-lac, well powdered, and relin and vermilion, 
powdered, of each one part, and melting this combined 
powder over a gentle fire ; and when the ingredients feem 
thoroughly incorporated, working the wax into dicks. 
Seed-lac may be fubftituted for the (hell-lac ; and indead of 
refin, boiled Venice turpentine may be ufed. A coarfer, 
hard, red fealing-wax may be made, by mixing two parts 
of refin, and of (hell-lac, vermilion and red-lead, mixed in 
the proportion of one part of the vermilion to two of the 
red-lead, of each one part ; and proceeding, as in the former 
preparation. For a cheaper kind, the vermilion may be 
omitted, and the (hell-lac alfo, for very coarfe ufes. The 
hard black fealing-wax may be prepared in the fame manner ; 
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ufing For the bed fort, in (lead of the Vermilion, the bed 
ivory black ; and for the coarfer fort, in dead of the ver- 
milion and red-lead, the common ivory black. For hard 
green fealing-wax, indead of vermilion, ufe powdered ver- 
digrife ; and for a bright colour, didilled, or cryftals of 
verdigrife. For hard blue fealing-wax, indead of the ver- 
milion, fubditute well powdered fmalt, or for a light blue, 
verditer ; or a mixture of both. For yellow hard fealing- 
wax, fubditute madicot, or, for a bright colour, turbith 
mineral, indead of the vermilion. The hard purple wax 
is made like the red ; changing half the quantity of the ver- 
milion for an equal, or greater proportion of fmalt, as the 
purple is delired to be more blue or more red. 

For uncoloured foft fealing-wax, take of bees’ -wax, one 
pound ; of turpentine, three ounces ; and of olive oil, one 
ounce ; place tnem in a proper veffel over the fire, and let 
them boil for fome time ; and the wax will be then fit to be 
formed into rolls or cakes for ufe. For red, black, green, 
blue, yellow, and purple foft fealing-wax, add to the pre- 
ceding compofition, while boiling, an ounce or more of any 
ingredients direfted above for colouring the hard fealmg- 
wax, and dir the mafs, till the colouring ingredient be in- 
corporated with the wax. 

The hard fealing-wax is formed into dicks, by rolling 
the mafs on a coppcr-plate, or done, with a rolling-board, 
lined with copper, or block-tin, into rolls of any required 
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fize. In order to give them the fire-polifh, or glofs, a fur- 
nace or dove, like a pail, with bars at the bottom for fup- 
porting the charcoal, and notches at the top of the fides for 
putting the dicks of wax over the fire, is ufually provided. 
By means of this dove the dicks of wax may be conveniently 
expofed to the fire, and turned about, till the wax is fo 
melted on the furface as to become fmooth and (hilling. 
Hard fealing-wax may be formed into balls, by putting a 
proper quantity on the plate or done, and having fafhioned 
it into a round form, rolling it with the board till it be 
fmooth. 

The foft wax is eafily formed into rolls or cakes, by 
pouring the melted mafs of the ingredients, as foon as they 
are duly prepared, into cold water, and working it with the 
hands into any defired figure. Some perfume both thefe 
kinds of wax, by ufing, for a pound of the wax, half an 
ounce of benjamin, one fcruple of oil of Rhodium, ten 
grains cf mufk, and of civet and ambergrife, each five 
grains ; rubbing the oil with the other ingredients powdered ; 
and when the wax is ready to be wrought into dicks, fprink- 
ling in and well dirring tne mixture ; or by ufing one ounce 
of benjamin, one fcruple and a half of oil of Rhodium, and 
five grains of ambergnfe, in the fame manner. Lewis’s* 
Com. of Arts, p. 370. Handmaid to the Arts, vol. ii. 
p. 34, &c. 

W \x-C andles. See Candle. 
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WEAVING, in Manufadures , is the art of combining 
and uniting threads together, to form cloth. Stocking- 
knitting or weaving is a diftinft art from cloth-weaving, the 
manner of combining the thread, being eflentially different 
in the two. In the Hocking fabric, the whole piece con- 
fills of one continuous thread, which is formed into a ferics 
of loops in fucceflive rows ; and the loops of each row are 
drawn through the loops of a former row. Sec Stocking- 
Frame . 

Woven cloth is always compofed of two diftinft fyftems 
of threads, called the warp and the weft : thefe traverfe the 
piece of cloth in oppofite direftions, and are ufually at right 
angles to each other, Thofe threads, (or, as the weavers 
call them, yarns,) which run in the direftion of the length 
of the web or piece of cloth, are called the warp, and they 
extend entirely from one end of the piece to the other. 
The crofs thread, or yarn, runs acrofs the cloth, and is 
called the woof or weft, This is in faft one continued 
thread through the whole piece of cloth, being woven alter- 
nately over and under each yarn of the warp, which it 
croffei, until it arrives at the outfide one. It then paffes 
round that yarn, and returns back over and under eacli 
thread, as before ; but in fuch a manner, that it now goes 
over thofe yarns which it paffed under before, and via 
verfd ; thus firmly knitting or weaving the warp together. 
The outfide yarn of the warp, round which the woof is 
doubled, is called the felvagc, and cannot be unravelled 
without breaking the weft. The ftrength of the cloth, in 
the direftion of the length, mutt depend on the threads of 
the warp ; but its ftrength in the oppofite direftion will de- 
pend upon the weft ; and the ftrength of thefe two threads 
Ihould be always properly proportioned to each other. 

The combined arts of fpinning and weaving are among 
the firft effentials of civilized fociety, and we find both to 
be of very ancient origin. The fabulous ftory of Penelope’s 
web, and, ftill more, the frequent allufions to this art in 
the facrcd writings, tend to mew, that the fabrication of 
cloth from threads, hair, &c. is a very ancient invention. 


Tt has, however, like other ufcful arts, undergone a vaft 
fucceflion of improvements, both as to the preparation of 
the materials of which cloth is made, and the apparatus nc- 
ceffary in its conftruftion, as well as in the particular modes 
of operation by the artill. Weaving, when reduced to its 
original principle, is nothing more than the interlacing of the 
weft or crofs threads into the parallel threads of the warp, 
fo as to tie them together, and form a web or piece of 
cloth. This art is doubtlefs more ancient than that of 
fpinning, and the firft cloth was what we now call matting, 
/. e, made by weaving tog her the fhreds of the bark, or 
fibrous parts of plants, or the ilalks, fuch as rulhes and 
a raws. 

This is Hill the fubftitute for cloth amongll moll rude 
and favage nations. When they have advanced a ftep far- 
ther in civilization than the Hate of hunters, the Ikins of 
animals become fcarce, and they require fome more artificial 
fubftancc for clothing, and which they can procure in 
greater quantities. Neverthelefs, fomc people are ftill 
ignorant of the art of weaving ; for the cloth made in the 
illands of the South fea appears to be made by cementing or 
glueing the Ihreds together, rather than by weaving. From 
the defeription given by captain Cook, and other circum- 
navigators, and from the fpecimens which have been brought 
to Europe, their cloth, or rather matting, is in general 
produced by cohefion of the parts, rather than texture. 
This iiffimilates it more to the ideas which we attach to 
paper, or palteboard, than to thofe which we form of cloth. 

When it was difeovered that the delicate and Hunt fibres, 
which animals and vegetables afford, could be fo firmly 
united together by twifting, as to form threads of any re- 
quired length and ftrength, the weaving art was placed on 
a permanent foundation, By the proceis of fpinning, which 
was very fimple in the origin, the weaver is furnilhed with 
threads far fuperior to any natural vegetable fibres in hght- 
nef$, ftrength, and flexibility ; and he has only to combine 
them together in the moll advantageous manner. 

The art of weaving cloth has been fo extenfively applied 
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tti almoft every civilized country, and the knowledge of its 
various branches has been derived from fuch a variety of 
fources, that no one perfon can ever be practically em- 
ployed in all its branches ; and though every part bears a 
itrong analogy to the reft, yet a minute knowledge of each 
of thefe parts can only be acquired by experience and re- 
flection. We will endeavour to give the reader as compre- 
henfive an idea of the hiftory and progrefs of this ancient 
and invaluable art as the nature of the thing, and the limits 
to which we are neceffarily confined, will permit. 

The hiftory of this art is very little known, and its great 
antiquity necefTarily involves the earlier eras of it in the moft 
perfect obfeurity. 

The art of making linen, which was probably the firft 
fpecies of cloth invented, was communicated by the Egyp- 
tians, the inhabitants of Paleftine, and other ealtern nations, 
to the Europeans. By flow degrees it found its way into 
Italy ; and it afterwards prevailed in Spain, Gaul, Ger- 
many, and Britain. The Belgae manufactured linen on the 
continent ; and when they afterwards fettled in this ifland, 
it is probable they continued the praCtice, and taught it to 
the people among whom they refided. 

When it is considered that the wants of mankind are 
nearly the fame in all countries, it is not improbable that 
the fame arts, however varied in their operations, may have 
been feparately invented in different countries. It is not, 
however, certain that the art of making cloth is one which 
the Britons invented for themfelves. 

It is moil probable that the Gauls learned it from the 
Greeks, and communicated the knowledge of it to the 
people of Britain. It is very certain that the inhabitants of 
the fouthern parts of Britain were well acquainted with the 
arts of drefling, fpinning, and weaving, both flax and wool, 
when they were invaded by the Romans. Neverthelefe, 
we have the authority of Julius Caefar, that when he in- 
vaded Britain, the art of weaving was totally unknown to 
the Britons. 

Whatever knowledge the Britons might poffefs of the 
clothing arts, prior to the invafion, it is very certain that 
thefe arts were much improved amongft them after that 
event. It appears from the Notitia Imperii, that there 
was an imperial manufa&ory of woollen and linen cloth, for 
the ufe of the Roman army then in Britain, eftablifhed at 
Venta Bclgarum, now called Winchelter. 

Many public ads relative to the woollen manufacture, in 
the earlier period of Englifh hiftory, evidently prove that 
the greater part of our wool was, for a very long feries of 
years, exported in a raw ftate, and manufactured upon the 
continent. 

In bifhop Aidhelm’s book concerning “ Virginity, 1 ” 
written about A.D. 680, it is remarked, “ that chaftity 
alone forms not a perfed charader, but requires to be ac- 
companied and beautified by other virtues.” This obferv- 
ation is illuftrated by the following fi mile, borrowed from 
the art of figure-weaving : “ It is not a web of one uniform 
colour and texture, without any variety of figures, that 
pleafeth the eye, and appeareth beautiful ; but one that is 
woven by fhuttles, filled with threads of purple, and many 
other colours, flying from fide to fide, and forming a variety 
of figures and images, in different compartments, with ad- 
mirable art.” 

Perhaps the moft curious fpecimen of this ancient figure- 
weaving and embroidery, now to be found, is that pre- 
ferved m the cathedral of Bayeaux. It is a piece of linen, 
about 19 inches in breadth, and 67 yards in length, and 
contains the hiftory of the Conqueft of England by William 
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of Normandy; beginning wilh Harold’s embafly, A.D> 
1065, an< * ending with his death at the battle of Haftings, 
A.D. 1066. This curious work is fuppofed to have been 
executed by Matilda, wife to William, duke of Normandy, 
afterwards king of England, and the ladies of her court. 
Although it is certain that the art of figure-weaving was 
then known in Britain, it mud be owned, that the piece of 
tapeftry juft Trent ioned oweB moft of its beauty to the ex- 
quifite needle-work with which it is adorned. 

The filk manufacture was firft praCtifed in China, and 
the cotton in India. Both the woollen and linen were bor- 
rowed by the Englifh from the contineat of Europe ; and 
for many ages, all the improvements in them in this country 
were firft introduced into this country by foreign artificers, 
who fettled amongft us. 

About the clofe of the eleventh century, the clothing 
arts had acquired a confiderable degree of improvement in 
this ifland. About that time, the weavers in all the great 
tow»6 W'ere formed into guilds or corporations, and had 
various privileges beftowed upon them by royal charters. 

In the reign of Richard I., the woollen manufadure be- 
came the fubjeCt of legiflation ; and a law was made, A.D. 
1197, for regulating the fabrication and fale of cloth. 

The number of weavers, however, was comparatively 
fmall, until the policy of the wife and liberal Edward III. 
encouraged the art, by the moft advantageous offers of re- 
ward and encouragement to foreign cloth-workers and 
weavers, who would come and fettle in England. In the 
year 1331, two weavers came from Brabant, and fettled at 
York. 

The fuperior fkill and dexterity of thefe men, who com- 
municated their knowledge to others, foon manifefted itfclf 
in the improvement and lpread of the art of weaving in this 
ifland. 

Many Flcmifh weavers were driven from their native 
country, by the cruel perfections of the duke d’Alva, in 
the year 1 567. They fettled in different parts of England, 
and introduced or promoted the manufacture of baizes, 
ferges, crapes, and other woollen fluffs. 

About the year 1686, nearly 50,000 manufacturers, of 
various deferiptions, took refuge in Britain, in confequence 
of the revocation of the ediCt of Nantz, and other aCts of 
religious perfection committed by Louis XIV. Thefe 
improvements chiefly related to filk-wcaving. 

The arts of fpinning, throwing, and weaving filk, were 
brought into England about the middle of the 15th cen- 
tury > and were praCtifed by a company of women in Lon- 
don, called filk-women. About A. D. 1480, men began 
to engage in the filk manufacture, and the art of filk-weaving 
in England foon arrived at very great perfection. See 
Silk. 

The civil diffentions which followed this period, retarded 
the progrefs of thefe arts ; but afterwards, when the nation 
was at reft, the arts of peace, and among others that of 
weaving, made rapid advances in almoft every part of the 
kingdom. 

In the latter part of the laft century, the invaluable in- 
ventions of fir Richard Arkwright, introduced the very 
extenfive manufacture of cotton, and added a lucrative and 
elegant branch of traffic to the commerce of Britain. The 
light and fanciful department of the cotton manufacture 
has become, in*fome meafure, the ftaple manufacture of 
Scotland, whilfl the more fubftantial and durable cotton 
fabrics have given to England a manufacture inferior, in 
importance and extent, only to the woollen trade. 

At the prefent day, our fuperiority in point of quality 
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is univerfally acknowledged in the cotton manufa&ure ; but 
in thofe of lilk, linen, and woollen, it is (till difputed by other 
countries. 

Loom . — Weaving is performed by the aid of a machine 
called a loom. The common loom for plain cloth is a very 
fimple machine ; but fome of the varieties which are ufed 
for weaving ornamental and figured cloth arc very curious : 
itill there are parts common to all. The principal of thefe 
are as follows. 

i. The yarn-beam, which is a round wooden roller, on 
which is wound or rolled the warp, or yarns that are to 
form the length of the piece of cloth. 2. The cloth-beam 
is a fimilar roller, on which the cloth is rolled up when 
woven. The yarns of the warp are extended in parallel 
lines, between the yarn-roll and the cloth-roll, fo as to 
form a horizontal plane, or fhcet, and are combined toge- 
ther by the crofs- threads, or weft. 3. The fhuttle, which 
has a hollow to contain a bobbin or pirn of the weft. 
4. The heddles, which are threads with loops or eyes, 
through which the yarns of the warp pafs : the heddles are 
conne&ed with the treadles, upon which the weaver places 
his feet, to draw down one fet of heddles and raife up 
another, fo as to open and feparate the warp into two 
divifions, and allow a paflage, called the fhed, for the 
fhuttlc between them. 5. The reed, which is a frame 
containing a row of parallel fhreds of reeds or cane, and 
the yarns of the warp pafs between them, as it were be- 
tween the teeth of a comb. 6- The reed is fixed in a 
frame, called the lay or lathe, which fuings upon centres 
of motion. Theufe of the reed and lay is to comb or pufn 
the threads of the weft clofe to each other, and make the 
cloth clofe and denfe. 

The operation of weaving or working the loom for plain 
cloth confiils of three very fimple movements, t/z, i. Open- 
ning the fhed in the warp alternately, by prefling the 
two treadles with his feet in oppofite dirc&ions. 2. Driv- 
ing or throwing the (hut tie through the fhed when opened. 
This is performed by the right-hand, when the fly. fhuttle 
is ufed, and by the right and left alternately, 111 the common 
operation, wherein the fhuttle is tin own from one hand and 
caught in the other. 3. Pulling forward the lay or batten 
to ftrike home the woof, and again pufhing it back nearly 
to the, heddles. This is done by the left-hand with the 
fly-fhuttlc, or by each hand fucceflively in the old way. 

There are feveral different ways of fetting up a loom 
for weaving plain cloth ; but the principal parts are always 
made the fame. We fhall fir ft deferibe that which is 
ufed for weaving plain filks : it is fhewn in perfpe&ive in 
Plate II. Weaving* In this A is the yarn-roll or beam, 
on which the thread to form the warp is regularly wound ; 
B, the cloth-l>eam, or brcafl-voll, on which the fmifhed 
cloth ia wound up ; D E, the treadles, on which the weaver 
prefles his feet ; dd , ee , are the heddles, or harnefs. Thefe 
are each compofcd of two fmall rods dd and ec, connected 
together by feveral threads, forming a fyflem of threads, 
which is called a hcddle ; ee is another heddle, behind the 
former. In the middle of each thread of the heddle is a 
loop, through which a yarn of the warp is palled, every 
other yarn going through the loops of the heddle ee, and 
the intermediate yarns paffing between the threads of that 
heddle, and afterwards through the eyes or loops of the 
other heddle d d. 

The two heddles, dd and ee 9 are conne&ed together by 
two fmall cords going over pulleys, fufpended from the 
top of the loom, fo that when one heddle is drawn down, 
the other will be raifed up* The heddles receive their 
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motion from the levers or treadles D E, moved by the 
weaver’s feet. The yarns of the warp being palled alter- 
nately through the loops of the two heddles, by prefling 
down one treadle, as E, all the yarns belonging to the 
heddle e e are drawn down ; and by means of the cords and 
pulleys, the other heddle dd> with all the yarns belonging 
to it, arc raifed up ; leaving a fpace, called the fhed, of 
about two inches between the yarns, for the paflaefc of the 
fhuttle. 6 

F, G G, H, {fig. 2.) is a frame, called the batten or lay, 
fufpended by the bar F, from the upper rails of the loom, 
fo that it can fwing backwards and forwards, as on a centre 
of motion ; the bottom bar H is much broader than the 
rails G G, and proje&s before the plane about an inch 
and a half, forming a fhelf, called the fhuttle-race. The 
ends of the fhuttle-race H have boards nailed on each fide, 
to form two fhort troughs or boxes 1 1, in which pieces of 
wood or thick leather k k, called peckers or drivers, traverfe. 
The peckers arc guided by two fmall wires, fixed at one end 
to the uprights G G, and at the other to the end-pieces 
of the troughs I I. Each pecker has a firing faflened to 
it, tied to the handle y, which the weaver holds in his right- 
hand when at work, and with which he pulls, or rather 
fuatches, each pecker either to the right or left alternately. 

R is the reed : it is a fmall frame, fixed upon a fhuttle- 
race H, containing a number of fmall pieces of fplit reeds 
or canes ; or elfe of pieces of flat wire, of fleel or brafs ; 
but the cane is moil common, although the frame is called 
the reed. When fig* 2. is in its place in the loom, the varus 
of the warp pafs between the canes or dents of the reed. 
In fig* 2. the reed is represented without the top or piece 
which covers it, and which is called the lay-cap. It is a rail 
of wood with a longitudinal groove along its lowermofl fide, 
for the purpofe of fuflaniing the upper edge of the reed. 
The lay -cap is that part of the machine on the middle of 
which the weaver lays hold with his left-hand when in the 
adl of weaving. 

The fhuttle (fee Plate 1 . J is a fmall piece of wood pointed 
at each end, ftom three to fi\ inches long. It has an ob- 
long mortife in it, containing a finall bobbin or pirn, on 
which is wound the yarn which is to form the weft ; and 
the end of this yarn runs through a fmall hole in the fhuttlc, 
called the eye. The fhuttle lias two little wheels on the 
under fide, by which it runs cafily upon the fhuttle-race H. 

Operation — The weaver fits on the feat M, ( fig . 1.) 
which hangs by pivots at its ends, that it may adapt itfelf 
to the cafe of the weaver when he fits upon it. It is lifted 
out when the weaver gets into the loom, and he puts it in 
again after him. He leans lightly again!* the cloth-roll B, 
and places his feet upon the treadles D E. In his right- 
hand he holds the* handle y [fig* 2.), and by his left he lays 
hold of the rail, called the lay-cap, which croffes the batten 
or lay G G, and ferves to fupport the upper edge of the 
reed R. He commences the opeiations by prefling down 
one of the treadles with his foot : this deprefles one-half of 
the yarns of the warp, and raifes the other, as before- 
deferibed. The fhuttlc is previoufly placed in one of 
the troughs J, againfl the pecker. K, belonging to that 
trough. By the handle of the pecker, with a fudden jerk, 
he drives the pecker againfl the fhuttle, fo as to throw it 
acrofs the w’arp upon the fhuttle-race, into the other 
trough I, leaving the yarn of the weft, which was wound 
on tne bobbin after it, in the fpace between the divided 
yarns. With his left-hand he pulls the lay towards him ; 
and, by means of the reed, the yarn of the weft, which before 
was lying loofe between the warp, is driven up towards 
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the cloth-roll s the weaver now preffes down his other foot, 
which reverfes the operation, pulling down the heddle 
which was up before, and railing that which before was 
depreffed. By the other pecker he then throws the {buttle 
back again, leaving the woof after it between the yarns of 
the warp ; and, by drawing up the batten, beats it clofe 
up to the thread before thrown* 

In this manner the operation is continued until a few 
inches are woven ; it is then wound upon the cloth-roll, by 
putting a fhort lever into a hole made in the roll, and turn- 
ing it round, a click afting in the teeth of a ferrated wheel, 
prevents the return of the roll. At each end of the yarn- 
roll A, ( Jig . i.) a cord is tied to the frame of the loom ; 
the other ends of the cords have weights hanging to them. 
The rope caufes a fri&ion, which prevents the roil from 
turning (unlefs the yarn is drawn by the cloth-beam), and 
always preferves a proper degree of tenfion in the yarn. 

TT ( fig. ,.) are two fmooth {ticks (cotton -weavers have 
ufually three) put between the yarns, to preferve the leafc, 
and keep the threads or yarns from entangling. 

In cotton-weaving thefe {ticks or rods aje kept at an uni- 
form diitance from the heddles, either by tying them toge- 
ther, or by a fmall cord with a hook at one end, which lays 
hold of the front rod, and a weight at the other, which hang 
over the yarn-beam. 

The cloth is kept extended during the operation of weav- 
ing, by means of two hard pieces of wood, called a templet, 
with fmall {harp points in their ends, which lay hold of the 
edges, or felvages, of the cloth. 

Thefe pieces are connected by a cord pafling obliquely 
through holes, or notches, in each piece. By this cord 
they can be lengthened or fliortened, according to the 
breadth of the web. 

They are kept flat after the cloth is ftretched by a fmall 
bar turning on a centre fixed in one of the pieces of wood. 
This ftretcher is called the templet. Silk-weavers ufually 
ftretch their cloth by means of two fmall {harp-pointed 
hooks fattened to the ends of two ftrings, with little 
weights at the other ends ; and the ftrings are made to pais 
over little pulleys in each fide of the loom, at a fuitable dif- 
tance from the felvages of the cloth. 

The perfc&ion of the work depends very much upon the 
previous operations which the yarn mutt undergo. It fl 
obvious that the yarns of the warp mutt be ftretched with 
great parallelifm and equality of tenfion, fo that when the 
cloth is finiftied, every individual yam may bear an equal 
lhare of any ftrain which tends to tear the cloth ; hence 
great care mutt be taken to ftretch the yarns of the warp to 
an equal length, and roll them with great regularity upon 
the yam-roll. Thefe operations are called warping and 
beaming. Previous to warping, the yarn mutt be prepared 
by fizing or ftarching, in order to cement all the loofe fibres, 
and render the yarn i moo th. 

The fpinners of yarn, whether they employ machinery or 
not, ufually reel the yarn into ikeins and hanks of a deter- 
minate length ; and the weight of thefe hanks, or the num- 
ber which will weigh one pound, is the denomination for the 
finenefs of the yarn. (See Manufacture of Cotton.) In 
this ftate the yarn is bought by the weaver. The hanks 
of yam are firft boiled in water ; if it is linen-yarn a little 
£bap and potafh are put into the water, and for cotton-yarn 
a fmall portion of flour is added, to render the thread firm. 
When the hanks are perfe&ly dry they are wound off upon 
bobbins, each thread having a feparate bobbin, and a cer- 
tain length is wound upon each* This winding is performed 
by a very fimple hand-wheel to turn the bobbin rapidly 
round, the hanks of yam being extended upon a reel, or 
Vol. XXXVIII. 
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over two fmall reels placed at a diftance afunder, which are 
called wifles. 

Warping . — The objedt of this operation is to ftretch the 
whole number of parallel threads which are to form the 
warp of the cloth to an equal length* For this purpofe as 
many of the above bobbins are taken as will turni/h the 
quantity of threads which is required in the warp of the 
piece of cloth. The bobbins are ufually one-fourth or one- 
fixth of the number of threads required, and are mounted 
on fpindles in a frame, fo that the thread can draw off freely 
from them. All thefe threads are drawn off at once, (o 
as to combine them all into one clue, which will be ready for 
the warp. The ancient method was to draw out the warp 
at full length, and ftretch it in a field; and this is ftill prac- 
tifed in India and China, but is fo very uncertain in our 
climate that it is feldom ufed. The prefent mode of warp- 
ing is either by the warping-frame or warping-mill. 

The warping-frame is a large wooden frame, which is 
fixed up againft a wall in a vertical pofition. The upright 
fides of the frame are pierced with holes to receive wooden 
pins, which projeft fumciently to wind the clue of yams for 
the warp round them. 

The operator having the threads which are to compofe 
the warp wound on the bobbins before-mentioned, places 
thofe bobbins in a frame ; then tying the ends of all the 
threads together, and attaching them to one of the pins at 
one end of the frame, he gathered all the threads in his 
hand into one clue ; and permitting them to flip through his 
fingers, he walked to the other end, where he paffed the 
yarns over the pin fixed there, and then returned to the 
former end of the frame and paffed the warp over another 
pin, then went back again, and fo on till he formed the re- 
quired length of the warp. This being done, he fecured 
the end of the warp by crofling it round the pin, and then 
he worked back and returned over all the fame fpace again, 
laying the threads over the fame pins, fo as to double the 
clue ; and he repeated the doubling until the number of 
threads neceffary for the breadth was made up. The num- 
ber of doublings would be according to the number of 
bobbins and threads which he took in his hand at once. 

This method is ufed very much in France, particularly at 
Lyons : it is alfo ufed in Devonfhire. It is adapted to the 
weaving carried op in cottages, becaufe the frame is fixed 
clofe to the wall, and takes Tittle or no room ; but the warp- 
ing-mill or reel is very fuperior, and is adopted in all im- 
proved manufa&ures where the warping is a feparate bufi- 
nefs, and is ufually done at the mill where the yam is fpun* 

The warping-mill is a large reel of a cylindrical form, or 
rather of a prifmatic form, being made with twelve, eighteen, 
or more fidcs. The reel is ufually about fix feet diameter 
and feven feet high : it is turned round on a vertical axis by 
a band, pafling from a grooved wheel which is turned by a 
winch, and is placed beneath the feat on which the warper 
fits. (See a figure of the warping-machinc for filk Plate 
Sillyfg. 6 ) The bobbins which contain the yam are placed 
on a vertical rack fufpended from the ceiling, and the 
threads from them are all colle&ed together and paffed be- 
tween two fmall upright rollers in a clue, which is wound 
up by the reel when it is turned round. To guide the clue 
and diftribute it equally on the length of the reel, the above 
rollers are fixed on a piece of wood, which Aides perpendi- 
cularly on an upright bar fixed at one fide of the reel* The 
fliding-piece is fufpended by a fmall cord, wrapped round a 
part of the perpendicular axis that rifes above the reel. The 
cord paffes over a pulley at the top of the upright bar, and 
goes down to the fliding-piece which carries the two rotters* 
When the reel turns round, the guide-rollers are flowiy 
Ec 



378 WEAVING 


drawn up by the coiling of this cord round the axis ; and 
the yarn is wound in a regular fpiral about the reel, until 
the length which the warp requires is wound upon it. When 
the full length of the yarn is wound on the reel, the clue of 
thread is crofted over pins projecting from the frame of the 
reel, and the mill is then turned the reverfe way, fo that the 
Aider and guide-rollers defeend, and the yarn is laid down- 
wards along the fame fpiral which it before afeended, fo as 
to double the clue of thread ; and this doubling is repeated 
until the required number of threads is colle&ed together 
in one clue upon the reel. 

When the warp is thus completed, it is taken off the reel 
and wound upon a flick, into a ball; the croflings which dif- 
tinguifh the different returns or doublings of the fimple 
clue being firfl properly fecurccl, as a means of dividing the 
warp into as many equal portions as is neceffary for the con- 
venience of the weaver, in counting the threads in the fuc- 
ceeding operation of beaming. 

There is likewife another kind of divifion of the threads 
of the warp ; this is called the loafe, and ferves to feparate 
all the threads which are to go through one of the heddles 
of the loom, from thofe which are to go through the other 
heddle. To effcCt this reparation, the bobbins from which 
the threads are drawn are arranged in two rows, and a 
thread is alternately drawn from the upper row and from 
the lower row. Then at the beginning and end of every 
doubling of the warp, the threads of one row of bobbins 
are crofled over the threads of the other row, and two pins 
are put into the croflings to retain them. Thefe pins are 
put into holes made in pieces of board fixed to the warping- 
reel. One of thefe boards at the top of the reel is fixed 
faff, but the other is moveable, and can be fixed at any part 
of the reel, according to the length of the warp. 

In the mofl improved warping-machines, the feparation 
is made by an apparatus called in Scotland the heck. It 
confiffs of a row of ftcel pins with eyes through one end of 
each for the threads to pafs through like large needles. 
Thefe are ftuck into two pieces of wood, by which they 
are fupported in a row near to the warping-reel. Every al- 
ternate pin in the row is faflened in one piece of wood, and 
the intermediate pins are faflened in the other piece, fo that 
by lifting up one piece of wood the pins and threads be- 
longing to it will be raifed up, whilfl the intermediate pins 
and threads are held down. This occafions the divifion of 
the threads, and a pin is put in to keep th<rm fo divided. 
The other piece of wood is then lifted up, which occafions 
all the threads to be crofled ; that is, every thread forms a 
crofs over that which is adjacent to it. A fecond pin is 
then put in, and before the warp is taken off from the reel, 
this crofling is fecured by a firing. 

Beaming. — When the weaver receives his warp in a large 
ball or bundle, he proceeds to roll it up regularly upon the 
yarn-roller of his loom : this is called beaming. For this 
purpofe he employs an inftrument called a feparator, or 
ravel, which confiffs of a number of fhreds of cane, faflened 
together, and fixed to a rail of wood, like the teeth of a 
long comb ; the threads are intended to be put into the 
fpaces between thefe teeth, fo as to llretch the warp to it6 
proper breadth. 

Ravels are fomewhat like reeds, but much coarfer, and 
are alfo of different dimenfiona. One proper for the pur- 
pofe being found, one of the fmall divisions of the warp is 
placed in every interval between two of the teeth. The 
upper part of the ravel, called the cape, is then put on, to 
fecure the threads from getting out between the teeth, and 
the operation of winding the warp upon the beam com- 
mences. In broad wows, two perfons are employed to 
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hold the ravel, which ferves to guide the threads of the warp, 
and to fpread them regularly upon the beam ; one or two 
other perfons keep the threads at a proper degree of tenfion, 
and one more turns the beam upon its centre. 

The knottings which fecure the croflings or doublings 
made in warping, are very ufeful to the weaver in beaming, 
to ascertain the number of threads, and to diffribute them 
with regularity. He cuts the knotting before he can put 
the warp in the ravel, but he ftill keeps them diftinCt by a 
fmall cord. 

The French weavers ufe a fmall reel, upon which they 
wind the warp from the ball, and then from this reel they 
draw off the warp through the ravel, by winding up the 
beam. The reel is loaded with a weight, to make a regu- 
lar friCtion, and draw the warp with a regular tenfion. 

Drawing . — The warp being regularly wound upon the 
beam, the weaver muff pafs every yarn through its appropriate 
eye or loop in the heddles : this operation is called drawing. 
Two rods are firff inferted into the leafe formed by the pink 
in the warping-mill, and the ends of thefe rods are tied to- 
gether ; the twine by which the leafe was fecured is then 
cut away, and the warp ft retched to its proper breadth. 
The yarn-beam is fufpended by cords behind the heddles, 
fomewhat higher, fo that the warp hangs down perpendi- 
cularly. The weaver places himfelf in front of the heddles, 
and opens the eye of each heddle in fucceflioti ; and it is the 
bufinefs of another perfon, placed behind, to feleCt every 
thread in its order, and deliver it to be drawn through the 
open eyes of the heddles. The fucceflion in which the 
threads are to be delivered is eafily afeertained by the leafe - 
rods, as every thread croffes that next to it. The warp, 
after palling through the heddles, is drawn through the reed 
by an inftrument called a lley, or reed-hook, and two 
threads are taken through every interval in the reed. 

The leafe-rods being paffed through the intervals which 
form the leafe, every thread will be found to pafii over the 
firll rod, and under the fecond ; the next thread pafles under 
the firff, and over the ficond, and fo on alternately. By 
this contrivance every thread is kept diftinCt from that on 
either fide of it, and if broken, its true fituation in the 
warp may be eafily and quickly found. This is of fuch im- 
portance, that too much care cannot be taken to preferve 
the accuracy of the leafe. There is likewife a third rod,' 
which divides the warp into what is ufually called fplitfuls , 
for two threads alternately pafs over and under it ; and thefe 
two threads alfo pafs through the fame interval betwixt the 
fplits of the reed. 

Thefe operations being finiffied, the cords or mounting 
which move the heddles are applied ; the reed is placed in 
the lay, or batten, and the warp is knotted together into 
(mall portions, which are tied to a fhaft, and connected by 
cords to the cloth-beam, and the yarns are ftrelched ready 
to begin the weaving. 

Manner of Weaving . — The operations of weaving are 
fimple, and loon learned, but require much praCtice to per- 
form them with dexterity. 

In prefling down the treadles of a loom, moft beginners 
are apt to apply the weight or force of the foot much too 
fuddenly. The bad confequences of this are particularly 
felt in weaving fine or weak cotton-yarn ; for the body of the 
warp muff: fuftain a ftrefs nearly equal to the force with 
which the weaver’s foot is applied to the treadle. The art 
of fpinning has not yet been brought to fuch perfection as 
to make every thread capable of bearing its fair proportion 
of this ftrefs. Befides this, every individual thread is fub- 
je&ed to all the fri&ion occafioned by the heddles and fplits 
of the reed, between which the threads pafs, and with 
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which they are generally in contraft when rifing and finking. 
A fudden preflure of the foot on the treadle mutt caufe a 
proportional increafe of the ftrefs upon the warp, and alfo 
of the friftion. As it is impoffible to make every thread 
equally ftrong and equally tight, thofe which are the weakeft, 
or the tighteft, muft bear much more than their equal pro- 
portion of the ftrefs, and are broken very frequently. Even 
with the greateft attention, more time 13 loft in tying and 
replacing them, than would have been fufficient for weaving 
a very confiderable quantity into cloth. 

If the weaver, from inattention, continues the operation 
after one or more warp -threads are broken, the confcquence 
is ftill worfe. The broken thread cannot retain its parallel 
fituation to the reft, but crofting over or between thofe 
neareft to it, either breaks them alfo, or interrupts the paf- 
fage of the (huttle : it frequently does both. 

In every kind of weaving, and efpecially in thin wiry 
fabrics, much of the beauty of the cloths depends upon the 
weft being well ft retched. If the motion given to the 
{huttle be too rapid, it is very apt to recoil, and thus to 
llacken the thread. It has alfo a greater tendency, either to 
break the woof altogether, or to unwind it from the pirn or 
bobbin of the (huttle in doubles, which, if not picked out, 
would deftroy the regularity of the fabric. The weft of 
muflins and thin cotton goods is generally woven into the 
cloth in a wet ftate. 

This tends to lay the ends of the fibres of cotton fmooth 
and parallel, and its effect is ftmilar to that of drelling of 
the warp. 

The perfon who winds the weft upon the pirn ought to 
be very careful that it be well formed, fo as to unwind 
freely. The beft fhape for thofe ufed in the fly-fhuttle is 
that of a cone ; and the thread ought to traverfe freely 
round the cone, in the form of a fpiral, or ferew, during 
the operation of winding. 

The fame wheel which is ufed for winding the warp upon 
the bobbins preparatory to warping, is alfo fit for winding the 
weft on the pirn. It only requires a fpindle of a different 
fhape, with a ferew at one end, upon which the pirn, or 
bobbin of the (buttle, can be fixed. The wheel is fo con- 
ftru&ed, that the fpindles may be eafily fhifted, to adapt it 
for either purpofe. 

The reeds are formed of a number of fhort pieces of reed 
or cane, or of brafs wire, fattened parallel to each other 
between two (ticks, and cemented with pitch. This frame is 
enclofed between two pieces of the frame of the lay, one of 
which is made wide, to form the fhu trie- race ; the other 
piece, which is the lay-cap, extends acrofs the frame, but is 
fitted fo that it can be eafily removed to take away the reeds, 
and fubftitute a finer or coarfer fort, as the nature of the 
oods to be woven require. The manufa&urc of reeds, 
oth of cane and of ft eel, is a feparate trade. Thefe are 
fully deferibed in Les Arts et Metiers, vols. 9 and 1 5. 

To render the fabric of the cloth uniform in thicknefs, 
the lay or batten muft be brought forward with the fame 
force every time. 

In weaving fome kinds of foft or light goods, the reed is 
not fixed faft to the lay -cap, but is held in its place by a 
long thin piece of wood, which is elaftic, and yields or 
fprmgs when the weft is beaten up. In fome cafes the reed 
is fuftained by a double woollen cord, ftretched acrofs the 
lay, juft beneath the lay-cap, and twifted ; this bears the 
reed, and is very elaftic, but can be rendered more ftiff by 
twitting the two cords tighter. 

In the common operation of weaving, a regular force of 
the ftroke for beating up the weft muft be acquired by 
praftice. It is, however, of confequence to the weaver to 
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mount or prepare his loom in fuch a manner, that the range 
or fwing of the lay may be in proportion to the thicknefs of 
his cloth. As the lay /wings backwards and forwards, upon 
centres placed above, its motion is fimilar to that of a pen- 
dulum. Now the greater the arc, or range through which 
the lay paffes, the greater will be its effeS in driving home 
the weft ftrongly, and the thicker the fabric of cloth will 
be, as far as that depends upon the clofenefs of the weft. 
For this reafon, in weaving coarfe and heavy goods, the 
heddles ought to be hung at a greater diftance from the 
place where the weft is ft ruck up, and confequently where 
the cloth begins to be formed, than would be proper in 
light work. The line of the laft wrought (hot of weft is 
called by the weavers the fell. The pivots upon which the 
lay vibrates ought, in general, to be fo placed, that the 
reed will be exa&ly in the middle, between the fell and the 
heddles, when the lay hangs perpendicularly. As the fell 
is conftantly varying in its fituation during the operation, it 
will be proper to take its medium ; that is, the place where 
the fell will be when half as much is woven as can be done 
without taking it up on the cloth-roll, and drawing fre(h 
yarn from the yarn-roll. 

The periods for taking up the cloth ought always to be 
(hort in weaving light goods ; for the lefs that the extremes 
of the fell vary from the medium, the more regular will be 
the arc or (wing of the lay. Mr. James Hall had a 
patent, in 1803, for a method of perpetually winding up the 
cloth-beam, fo as to take away the cloth as faft as it was 
woven, or (hoot by {hoot. This was effected in a fimple 
manner by a ratchet-wheel fixed on the end of the cloth- 
beam, and a proper catch to move it round one tooth at a 
time : the catch was a&uated by the motion of the lay. A 
fimilar method is ufed in ribband-weaving. 

The variations in the ftru&ure of looms frem that which 
we have deferibed, are not material. The framing is varied 
in almoft every different kind of loom, and ought always to 
be fuitable in ftrength to the kind of cloth which is to be 
woven. The loom ufed for filk is very flight in all its 
parts ; but for carpet and fail-cloth it muft be very 
ttrong. 

In looms for heavy goods, the cloth -beam is not placed 
at the breaft of the weaver, as it is fo large that it would 
impede his working ; the cloth is therefore paffed over a 
fixed bar in the place of the cloth-beam reprefented, and 
the beam is placed lower down, and near the weaver's feet, 
out of the way of his knees. The heddles are conne&ed 
by levers, in fome looms, inftead of pulleys ; but the effe& is 
always the fame ; vix. to make one heddle afeend when the 
other defeends. For weaving fine goods, the heddles would 
be inconveniently clofe together, if all the yarns went 
through two heddles ; hence they ufe four heddles inftead of 
two ; but their a&ion is juft the fame, becaufe they arc con- 
nc&ed together in pairs, and when one pair rifes the other 
pair finks. Many looms are ftill made without the fly- 
(huttle ; and in that cafe the (huttle is merely thrown from one 
hand to the other, and then thrown back again : this 
obliges the weaver to change his hands continually, and the 
operation is more complicated. For wide cloths, which are 
more than a man can reach acrofs, two perfons were always 
employed before the fly* (huttle was introduced, which is only 
within a few years 5 but byits afliftance one perfon can weave 
the greateft breadths. The fly-fhuttle is the beft for all 
kinds of work, and its conftru&ion is fo Ample that no other 
ought to be ufed. 

Treatment of different Kinds of Tams . — The manner of 
weaving all kinds of plain cloth is much the fame, whether 
it is wool, filk, flax, or cotton; except that the two latter 
Ee % 
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require what is called drefling. Silk and woollen warps re- 
quire little preparation after being put into the loom, ex- 
cept to clear the yarn occafionally with a comb, to remove 
knots or lumps which might catch in pafling through the 
reed ; the comb dete&s luch lumps, and they are removed 
with the afliftance of a pair of fciffors. Flax and cotton, 
but particularly the latter, require the warp to be drefled 
with fome glutinous matter, to cement the fibres, and lay 
themclofe. This is applied in a fluid ftate, and as the weav- 
ing does not proceed well after it is fuffered to dry, the 
warp is drefled with a bruflt when in the loom, a fmall quan- 
tity at a time, immediately before it is woven. 

Drejftng . — The ufe of drefling is to give to yarn fufli- 
cient ftrength or tenacity, to enable it to bear the operation 
of weaving into cloth. By laying fmooth all the ends of 
the fibres of the raw materials, from which the yarn is fpun, 
it tends both to diminifti the fri&ion during the procefs, and 
to render the cloth fmooth and gloffy when iiniftied. The 
drefling in common ufe is Amply a mucilage of vegetable 
matter boiled to a confiftency in water. Wheat-flour, boiled 
to a pafte like that ufed by book-binders, or fometimes po- 
tatoes, are commonly employed. Thefe anfwer fufli- 
ciently well ill giving to the yarn both the fmoothnefs and 
tenacity required ; but the great obje&ion to them is, that 
they are too eafily affe&ed by the a&ion of the atmofphere. 
When drefled yarn is allowed to ftand expofed to the air 
for any confiderable time, before being woven into cloth, it 
becomes hard, brittle, and comparatively inflexible. It is 
then tedious and troublefome to weave, and the cloth is 
rough, wiry, and uneven. This is chiefly remarked in dry 
weather, when the weavers of fine cloth find it neceflary to 
work up their yarn as fpeedily a9 pofliblc, after it is drefled. 
To counteract this inconveniency, herring or beef brine, and 
other faline fubftances which attraCt moifture, arc fome- 
times mixed in fmall quantities with the drefling : but this 
has not been completely and generally fuccefsful ; probably, 
becaufe the proportions have not been fufficicntly attended 
to j for a fuperabundance of moifture is equally prejudicial 
with a deficiency. The variations of the moifture of the 
air are fo great and frequent, that it is impofiible to fix 
any universal rule for the ouantity of fait to be mixed. 
Some weavers put butter-milk in the pafte. 

To apply the drefling, the weaver mult fufpend the 
operation of weaving, whenever he has worked up that quan- 
tity of warp which he has drefled, or within two or three 
inches ; he then quits his feat, and applies the comb to clear 
away knots and burs ; next puflies back the leafe-rods 
towards the yarn-roll, one at a time, and if they Aide freely 
between the yarns, it (hews they are clear from knots ; he 
then brulhes the yarn with the pafte by two brulhes, holding 
one in each hand. The fupernuous humidity is afterwards 
dried by fanning the yarns with a large fan, and then a fmall 
quantity of greafe is bruftied over the yarn ; the leafe-rods 
are returned to their proper pofition, and the weaving* is 
refumed. 

Drefling is of the firft importance in weaving warps fpun 
from flax or cotton ; for it is impofiible to produce work 
of a good quality, unlefs care be ufed in drefling the 
warp. 

The fame pra&ice, when ufed upon filk, has a very dc- 
ftru&ive tendency : it injures the colours of the filk when 
ufed, as it is fometimes very improperly, by the weavers of 
white fatin. The injury done to the work is irreparable. 
In cotton, the operation of drefling is indifpenfable ; but in 
filk, this is by no means the cafe. 

The preparation of pafte or fize for warp, has been the 
fubjeft of feveral patents. Mr. Fodeni in 17991. recom- 


WEAVING 

mends a quantity of calcined gfepfum, or plafter of Paris, 
to be reduced to a very fine powder, and then mixed with 
alum, fugar, and the farina or ftarch of potatoes, or any 
other vegetable farina. This powder, when mixed well 
with cola water, formy a foft pafte, to which boiling water 
is to be added, and the mixture thoroughly ftirred till it be- 
comes fufficiently gelatinous for ufe. 

Another fize, for which Mr. Wilks had a patent in 1801, 
is prepared a9 follows : — The ftarch or flour is to be ex- 
tra&ed from any kind of potatoes which are mealy when 
boiled, by grating them while raw (but waflied clean) into 
a tub of water. The water, thus impregnated with the 
grated potatoes, is run through a fieve or ftrainer, which 
will retain the coarfer and fibrous parts of the potatoes, but 
admit the finer particles, conftituting the ftaren or flour, to 
pafs with the water into a veflel beneath the fieve or 
ftrainer. This water muft remain in the veflel feveral hours 
undifturbed, to permit the ftarch to fubfide to the bottom ; 
then the water is poured off, and the ftarch fo obtained is 
put into frefli water, and parted through a finer fieve into 
another tub, where the ftarch is left to fubfide to the bottom 
as before, and the water is again poured off. 

About two-thirds the quantity of potatoes, which fur- 
ni fhed the ftarch, are alfo to be boiled without peeling, fo as 
to make them mealy when boiled ; they are then mafhed, and 
diluted with water, fo that they will pafs through a fieve 
into a boiler. In this the mafhed potatoes are heated till 
they almoli boil ; and the ftarch from the grated potatoes is 
then to be added, and the whole boiled and ftirred for 20 
minutes, when it will become paile proper for ufe. It 
fhould be fpread in a flat open veflel to cool. 

Improved Syjlem of Weaving by Machinery . — In our article 
Cotton we mentioned that weaving-looms, worked by me- 
chanical power, were then coming into ufe : fntce the time 
that article was printed thefe have made great advances ; but 
to ufe them with advantage, the preparatory procefles of 
warping and drefling muft be conduced in a particular man- 
ner. Many attempts have been made to diminifh the number 
of operations through which the yarn muft pafs by combin- 
ing feveral together. Mr. Stuart had a patent in 1800 for 
fizing or ftarching cotton-yarn whilft in the cop, fo that it 
would be ready to warp at once. Mr. Marfland had a patent 
in 1805 for the fame objeA : his plan was to expofe the 
cops of cotton to the a&ion of the hot ftarch in an exhaufted 
receiver ; the preffure of the atmofphere being thus removed, 
the fize penetrated readily to the centre. It was found dif- 
ficult to dry the cop per/e&ly, and the threads were fome- 
times fo glued together as to render the winding off dif- 
ficult. 

Another plan has therefore been introduced both for flax 
and cotton : this is to wind off the yarn from the cop or 
bobbin in which it is fpun, and gather it upon the bob- 
bins ready for the warping ; by this manner the reeling is 
faved. A fmall quantity of ftarch is applied to the yarn 
during the operation, by caufing it to pais over a horizontal 
wooden cylinder, which revolves on its axis in a trough 
filled with fluid ftarch. The threads, in pafling from the 
cop to the bobbin, are drawn over the upper furface of the 
cylinder, and receive the ftarch with which it is covered. 
The winding machine for this a&uated a great number of 
bobbins at once ; the warping is then condu&ed, as we 
have before deferibed, and the drefling is performed in the 
loom whilft weaving, that is, if woven by hand ; but for 
the power-loom it is drefled previoufly to placing it in the 
loom. 

Drefling Machines , — Mr. Johnfon, of Stockport, had a pa- 
tent} in 1 8041 for a method of dreiling whole webs of warp at 
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on Ce, by a machine. The yams were wound off from the bob- 
bins or cops of the fpinning machines upon beams or rollers. 
Several of thefe rollers were placed parallel to each other, in 
an horizontal dire&ion, at the oppofite ends of the machine, 
from three to fix at each end ; and the yarns from them were 
all combined together in one web, which was received and 
rolled up on the yarn-beam of the loom placed in the middle 
of the machine, and raifed up confiderably above the other 
rollers, fo that the yarns proceeded from both ends of the 
machine towards the middle. In their paffage they paffed 
through feveral reeds to keep them feparate, and were fup- 
plied with the pafte by palling over two cylinders revolving 
in a trough of fluid pafte. This pafte was drefled or worked 
into the yarn by means of two brulhes, of a length equal to 
the breadth of the web ; one of the bru flies a&ed upon the 
upper fide of the yarns, and the other on the lower fide. A 
fimilar pair of brulhes were applied at both ends ; each 
brulh had a motion given to it by means of cranks, exa&ly 
fimilar to the movement with which the weaver brulhes the 
yarn in the loom. Near the yarn-roller a fan was placed, 
like that ufed in a winnowing machine, which blew a current 
of air through the yarns ot the warp to dry them before 
they were rolled up by the beam. To prefer ve the leafe, the 
yarns were conduced through a pair of heddles, fimilar to 
thofe of the loom, but they remained flack to avoid friCtion. 
The machine was moved by the mill with a conftant and 
regular movement. 

vS r hen a warp is thus warped, beamed, and drefled, the 
yarn-beam is carried to a loom, on which the yarn is juft 
exhaufted, and is made to replace the empty yarn-roll. The 
ends of the yarn are joined to the old yarns by twilling, and 
are thus drawn through the heddles and reed, fo that the 
weaving can be refumed with very little lofs of time, and 
the weaver can proceed with his work without any interrup- 
tion for drefling. The principal objc&ion to the above 
machine is the friCtion which the yarns mull undergo in 
brulhing, and in palling through fo many reeds: it was, 
however, pra&ifed in a large work at Stockport ; but the 
weaving was performed by hand. 

Another drefling machine was invented by Mr. M‘Adam, 
and he obtained a patent in 1806 : it is pra&ifed by Mr. 
Monteith,at Pollocklhaws nearGlafgow. This machine is very 
much like the former in its manner of aCtion. In Head of uflng 
three, four, or fix beams at each end of the machine, there 
are only two beams, each containing one half the number of 
yarns for the intended warp. The ftarch is fupplied in the 
fame manner as the former, or fometimes by making the two 
yarn-beams themfelves turn in a trough of ftarch without 
employing a feparate cylinder. The brulhing is performed 
in a more Ample and effectual manner by uflng cylindrical 
brulhes, which revolve with a regular motion, two of them 
are applied on the upper fide of the warp, and two on the 
lower fide ; alfo four fanners are applied to dry the warp 
iriftead of one. The yarns were conduced between reeds and 
through heddles, like the firft machine ; and hence the fame 
obje&ion of fri&ion applies to both. 

Mr. Duncan, in his Effays on Weaving, deferibes another 
method of drefling warps, which is praCtifed by Mr. Dunlop 
at Barrowlield. In this the yarn is warped and beamed in 
the ufual manner, upon a yarn-roll : from this the yarn is 
unwound, and taken up upon another beam ; and in its paf- 
fage from one to the other it is extended, fo that the pick- 
ing and clearing can be performed in the ufual way by hand 
with a comb and feiffors, and the drefling is applied with 
brulhes in the ufual way : beneath the warp a fan is placed, 
to blow a current of air up through the yarns and dry them. 
In this machine all the operations, except the fanning, are 
12 
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performed by hand ; the advantage, therefore, confifts only 
m the diviflon of labour, by nuking the drefling and weaving 
diftinCt operations. 

Power •Looms,— In the article Cotton we have men- 
tioned Mr. Dolignon’s claim to the invention of weaving by 
mechanical power. 

The original projeCt, we believe, was by M. De Gennet, 
and is publilhed in the Philofophical Tranfadions for 1768, 
N° 140. See alfo Lowthorp’s Abridgment, vol. i. p.499. 
This is a very ingenious invention. The fly-fhuttle was 
not then invented, and he fupplied the want ot it by a con- 
trivance which held the Ihuttle as it were in a hand by fingers 5 
this carried it half way through the cloth, and then it was 
transferred to another fimilar hand, which drew it through 
the remainder. By this means there was a greater certainty 
than in throwing the Ihuttle from one fide to the other, be- 
caufe the Ihuttle always continued engaged with the me- 
chanifm : the whole machine is ingenious and worthy of 
notice. 

M. Vaucanfon, the celebrated French mechanift, made a 
machine for weaving ten ribbands at a time, which was 
worked by a circular motion given by the workman ; and it 
might, therefore, have been worked by mechanical power. 
This is deferibed in the Encyclopede Methodique in 
great detail, with ten folding plates, and is an ingenious 
machine. 

We believe both thefe inventions were prior to that of 
Mr. Dolignon ; and alfo that the merit of inventing the ma- 
chine, and firft reducing it to praCtice, is due to Mr. Auftin, 
of Glafgow. In this gentleman’s memoir to the Society of 
Arts, he dates, that his firft attempt was made in the year 
1789, when he entered a caveat tor a patent, but did not 
apply for it further ; fince that time he made many improve- 
ments upon the original plan. In 1796 a report in its fa- 
vour was made by the Chamber of Commerce and Manu- 
factures at Glafgow ; and in 1798, a loom was fet at work 
at Mr. J. Monteith’s fpinning works, at Pollockfhaws near 
Glafgow, which anfwered the purpofe fo well, that a build- 
ing was ereCtcd by Mr. Monteith for containing thirty looms, 
and afterwards another to hold about two hundred. 

Mr.AuJlin’s Power-Loom . — The model from which our 
drawing [Plate I. Weaving) was made, is depofited in the 
Society or Arts : it is an improvement upon the looms con- 
ftruCted for Mr. Monteith. 

The drawing Plate I. is a perfpe&ive view, exhibiting the 
whole loom at one glance : it is viewed from the back rather 
than from the front. 

A is a fquare iron axis extending through the whole 
length of the machine 5 to this the power of tne firft mover 
is applied by a cog-wheel B, of thirty-fix teeth, turned by a 
pinion of twelve leaves fixed to the axis of the fly-wheel D. 
A handle is fixed to one of the arms of the wheel to give mo- 
tion to the model ; but in the large machine a live and dead 
pulley are adapted to the axis of the fly-wheel ; and by means 
of an endlefs ft rap, the power is communicated from any 
convenient part of the mill in which a great number of looms 
arc placed together. 

The axis A has feveral eccentric wheels or camms fixed 
upon it ; as thefe revolve they give motion to a number of 
levers or treadles, by which all the ufual operations of the 
loom are performed at the proper intervals : thefe are, 

Firft, To feparate the two parts of the yarns of the warp, 
as (hewn at G, and admit of the paffage of the fhuttle. 

Secondly, To throw the fhuttle, in order to lay the weft 
or crofs-threads of the cloth. 

Thirdly, To move the lay 7.8, and return it ; fo that 
the reed g will beat up the weft clofe to the. fell, or pte- 
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ceding (hoot of the weft : this renders the cloth of uniform 
texture. 

Fourthly, To wind up the cloth upon the cloth-roll, as 
fail as it is formed by the preceding operations. 

The yarns, which are to form the warp of the cloth, are 
warped in the manner before defcribed upon the yarn-roll 
F ; and from thence they are extended horizontally to the 
cloth-roll E, of which only a fmall part can be feen at the 
oppofite fide of the loom : in their way the yarns pafs 
through the eyes of the heddles G H, which effeft the firft 
operation above-mentioned. Each heddle is compofed of a 
number of perpendicular threads equal to half the number 
of yarns in the warp ; thefe are ftretched between two 
fmall rods a a and b b f and in the middle of each thread is 
a fmall eye, through which a yarn of the warp is pafied ; 
thus, the firft yarn of the warp is paffed through the eye 
of the heddle G, but has no connection with the heddle H, 
becaufc it paffcs between its threads. The fecond yarn is 
put through the eye of the heddle H, but has no con- 
nection with G ; the third yarn is attached to H ; the 
fourth to G, and fo on alternately throughout the whole 
number. By this means if one heddle is raifed up, and 
the other at the fame time depreffed, a feparation of the 
yarns will take place as (hewn at G, every other yarn 
being raifed up, whilft the intermediate ones are drawn 
down, fo as to admit the paflage of the (huttle and weft 
between them. 

The two heddles are moved by camms upon the main 
axis A ; and they are fo connected by (hort levers 1 1 , 
which are fufpended from the upper part of the loom, that 
when one heddle is pulled down, the other will be drawn 
up at the fame tirfie, becaufe they are fufpended from the 
oppofite ends of the levers I. 

The camms on the main axis for the heddles are marked 
L ; the two are exaCtly fimilar, but are reverfed upon the 
axis ; that is, the (horteft radius of one is placed on the fame 
fide with the longeft of the other. They aft upon two 
levers, which are the fame as the treadles in a common loom; 
only one of thefe treadles or levers (viz. that which belongs 
to the camm L) can be feen at M, the other lever being 
concealed from the view ; both levers move on centres at n 
between the fmall uprights d d ; the other ends Aide freely 
up and down between fimilar uprights at the oppofite fide 
of the frame, which cannot be leen in the figure ; the levers 
are conneded with the heddles, which being fufpended 
from the levers I as before mentioned, the levers will 
therefore move in contrary directions, the one rifing when 
the other is preffed down by the aCtion of the camm on the 
axis A. 

The connexion between the levers or treadles M and 
the heddles G H, is made by cords communicating with 
two counter-levers 0 P, which are centered in uprights 
fupported by the frame at the ends of the machine. The 
counter-levers O P are connected with rods h and l 9 and 
thefe by a double cord are attached to the heddle -rods a a 
and bb. 

This machinery which we have now defcribed effeCts the 
feparation of the warp thus ; when the axis A turns round, 
every revolution of its camms , L will caufe two reparations of 
the warp, and each one in a different manner, for thofe yarns 
which are raifed up at one time are drawn down the next. 

The fecund operation, viz. throwing the (buttle, is per- 
formed by two camms R S, which are reverfed to each 
other upon the axis A. They a Cfc upon two levers, only 
one of which can be feen at T ; they are placed beneath the 
camms. The (huttle requires to be projected with a 
fud4en jerk ; thefe levers are therefore centered at d on the 
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fame pin as the levers M and N, but the other ends prefi? 
down fmaller levers W, which are centered at the oppofite 
end of the frame, and lie beneath the long levers. The ex- 
treme ends of thefe fmaller levers are connected by a (trap f 
with a fegment of a wheel, which has a long Item of whalebone 
Y faftened to it ; and by means of two fi rings, one of which 
is (hewn at q 4, it moves the packers or drivers z upon the 
wires 3, 3, and throws the (huttle. The (huttle, which is 
(hewn in a feparate figure, is pointed at each end, and (hod 
with iron : it contains two fmall rollers 31 3 1 upon which it 
runs ; and as they projeCt through both furfaces, it will run 
either way upwards, or either end firft. In the centre of the 
(huttle is an oblong mortife, containing the pirn or bobbin 
33, on which the thread for the weft of the cloth is wound ; 
and the end of the weft marked 34, is brought through a 
fmall glafs tube, called the eye of the (huttle. 

The aCtion of the mcchanifm for throwing the (huttle is 
as follows : — By the revolution of the camm R, the long 
lever beneath it is depreffed, and at the fame time the ex- 
tremity of the (horter lever W defeends, but with an in- 
crcafed velocity ; this by means of the ftrap f turns the 
fegment of a wheel on its centre, and its tail Y fnatches the 
firing y 4of the pecker and makes it ftrike againft the (huttle 
with fuch a velocity, as to drive the (huttle out of the 
trough Q, acrofs the (huttle -race, into the oppofite trough, 
where it will pu(h back the pecker, and remain at reft in the 
trough ready for the next ftrokc : by this ftroke it will be 
returned back again with an aCtion fimilar to the laft, but 
occafioned by the other camm S, and its correfponding 
levers. 

The threads of the warp, which are lowed when the 
feparation takes place, are drawn down by their heddle 
G or H, fo as to lie clofe upon the (huttle-race, and caufe 
no obftruCtion to the paflage of the (huttle. To facilitate 
this, the (huttle muft be very fmooth on the furface, that it 
may not catch the threads and be (topped. The (huttle- 
race is inclined towards the reed, both that the yarn may 
lie flat upon it, and that the (huttle may not be liable to 
run off its race ; for as it leaves the weft, which is drawn off 
from its bobbin, in the fpace between the divided yarns of 
the warp, it might be drawn off its race fideways, without 
this precaution. In this manner the fecond operation is 
performed. 

The third motion is that of the rced^: this is fixed clofe 
behind the (huttle-race, and is a frame containing a great 
number of parallel flips of reed or cane ; between thtfe the 
yarns of the warp pafs, and when the whole frame of reeds 
is moved towards the cloth-roll E, they will a ft in the man- 
ner of a comb, to beat up the thread of the weft, which is 
left by the (huttle lying loofely between the yarns of the 
warp. 

For this purpofe, the (huttle-race, reeds, peckers, &c. and 
their (tern Y, with its fegment of a wheel, are all placed on 
a framer which moves on hinges at the lower ends, 8, of the 
two upright fldes 7 8. This frame, which is termed the lay, 
is drawn backwards by means of ftraps 10, 10, rolled upon 
pulleys 11, faftened upon the axis 12 ; upon this fame axis 
are two other fmaller pulleys, upon which two ftraps, 13, 
are rolled, to conned! with the long levers 14, which are 
moved by the camms 15, upon the axis A. 

The long levers, 14, are centered at one end of the frame, 
and the pulleys on the axis, 12, being of different diameters, 
the motion of the reeds will be performed very quickly. 
To move the lay in a contrary dire&ion, and give the ftroke 
to beat up the weft, two large weights, like m, are fufpended 
by ftraps from pulleys on an horizontal axis, which carries 
two larger wheels x \ on thefe, ftraps are wound, to commu- 
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nicate with the upright (ides, 7 8, of the lay, and draw it 
forwards. 

When the loom is afting very quickly, thefe weights 
would not aft with fufficient fharpnefs to throw the reeds 
againft the threads of the weft with the proper force. 

The weights are therefore connefted by fpiral wire- 
fprings, with long levers 16, which are prefled down by a 
camm or rather tappet 17, fixed on the main axis. Thefe 
levers aft before the lay is at liberty to move, and by preff- 
ing down the levers extend the fprings 5 confequently, as 
foon as the camm 1 5 fuffers the lever 14 to rife, the fprings 
aft inftantaneoufly, to throw the lay and the reeds forwards 
to beat up the weft. 

The inftant after the blow has been given, the lay is drawn 
back again by the camm 15, and returned into the vertical 
pofition, in which fituation the lay mull continue whilft the 
fhuttle is thrown 5 for this purpofe, the outfides of the 
camms 15 are portions of circles. This completes the 
third motion. 

As faft as the cloth is fabricated by the foregoing move- 
ments, it is gathered upon the cloth-roll E. This is turned 
flowly round by a fmall crank 19, on the extreme end of 
the main axis A ; the crank moves a fmall rod 20 up and 
down, in order to turn a fmall ratchet-wheel round one 
tooth each revolution of the main axis ; the return of the 
ratchet is prevented by a click. On the axis 21 of the 
ratchet-wheel is an endlefs ferew, to engage the teeth of a 
cog-wheel upon the end of the cloth-roll, and give it a flow 
motion. 

The yarn is kept to a proper degree of tenfion by the 
friftion occafioned by aline 28 pafled twice round the yarn- 
roll, one end being fattened to the frame, and the other to a 
lever 30, loaded with a weight. 

The framing of the loom is too evident to need deferip- 
tion. In the conftruftion of the machine, the principal 
circumftance to be attended to, is the figure of the different 
camms ; alfo that they are placed upon the axis A in the 
proper pofitions relative to each other, Thefe cautions will 
enfure the accurate performance of the machine. 

The camm R or S, for throwing the fhuttle, is formed 
with a fudden beak or projection, that it may ftrike the 
levers T down inftantaneoufly, and throw the fhuttle \ from 
this beak the curve continues circular for fome diftance, 
that the lever may be held ftationary ; the remainder of the 
camm gradually diminifhes its radius like a fpiral, and quits 
the lever, in order to leave it at liberty to rife up when its 
correfponding lever is forced down by the beak of the other 
fimilar camm S. 

The camm L for the heddles is made circular where it is 
to come in contaft with the lever, and which is all the time 
it is in aftion. This occafions the levers and heddles to be 
ftationary whilft the fhuttle is thrown. 

The inventor ftates that, by the addition of fome Ample 
improvements, his looms have the following advantages ; 
viz* 300 or 400 of them may be worked by one water- 
wheel, or fteam-engine, all of which will weave cloth in a 
fuperior manner to what can be done in the common way. 
They will go at the rate of 60 fhoots in a minute, making 
two yards height of what is called a nine hundred web in an 
hour. They will keep regular time in working, ftop and 
begin again, as quick as a ftop-watch. They will keep 
conftantly going, except at the time of fhifting two fhuttles, 
when the weft on the pirns is exhaufted. In general, no 
knots need be tied, and never more than one in place of two, 
which are requifite in the common way when a thread 
breaks. In cafe the fhuttle Hops in the fhed, the lay will 
not come forwards, and the loom will inftantly flop work- 
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ing. They will weave proportionally (lower or quicker, 
according to the breadth and quality ot the web, which may 
be the broadeft now made. They may be mounted with a 
harnefs or fpot-heddles, to weave any pattern, twilled, 
ftriped, &c. 

There is but one clofe fhed, the fame in both breadths, 
and the ftrain of the working has no effeft on the yarn be- 
hind the rods. 

The fell and temples always keep the fame proper dif- 
tance. There is no time loft in looming, or cutting out the 
cloth ; but it is done while the loom is working, after the 
firft time. 

The weft is well ftretched, and exaftly even to the fabric 
required. 

Every piece of cloth is meafured to a draw’s breadth, 
and marked where to be cut at any given length. 

The loom will work backwards in cafe of any accident, 
or of one or more fhoots miffing. Every thread is as re- 
gular on the yarn-beam as in the cloth, having no more than 
two threads in the runner. If a thread fhould appear too 
coarfe or fine in the web, it can be changed, or any ftripe 
altered at pleafurc. They will weave the fineft yarn more 
tenderly and regularly than any weaver can do with his 
hands and feet. 

When a thread, either of warp or weft, breaks in it, the 
loom will inftantly ftop, without Hopping any other loom, 
and will give warning by the ringing of a bell. A loom of 
this kind occupies only the fame fpace as a common loom ; 
the expence of it will be about half more ; but this additional 
cxpence is more than compenfated by the various additional 
machinery employed for preparing the yarn for the com- 
mon loom, and which this loom renders entirely un- 
neceflary. 

The preparatory proceffes of reeling, winding, warping, 
beaming, and looming, and the interruptions occafioned by 
combing, drefling, fanning, greafing, drawing bores, fhift- 
ing heddles, rods, and temples, which is nearly one-half of 
the weaver’s work, do not happen in thefe looms. The ge- 
neral wafte accompanying the above operations is dated at 
about fix per cent, of the value of the yarn, all which occur 
in the operations of the common loom. The power-loom, 
without further trouble, performs every operation after the 
fpinning, till the making of the cloth is accomplifhed, by 
which a Caving is effefted of about 20 per cent . of the 
yarn. 

The heddles, reed, and brufhes, will wear longer than 
ufual, from the regularity of their motion. More tnan one- 
half of workmanfhip will be faved ; one weaver and a boy 
being quite fufficient to manage five looms of coarfe work, 
and three or four in fine work. 

Mr . Miller's Power-Loom . — A patent was taken out for 
this in 1796. It is fo much like Mr. Auftin’s in its 
general principle, that it is unneceffary to enter into the de« 
feription. The motions are all produced by camms fixed 
on a horizontal axis, and operate upon a number of hori- 
zontal levers., difpofed beneath the loom, in the fituation of 
treadles : in other refpefts the arrangement of the parts is 
very different. This is fometimes called the wiper-loom, 
wiper being a different name for a camm. 

Crank JLoom by Power. — In this the treadles are aftuated 
by cranks, inftead of camms or wipers. The reciprocating 
motion produced by a crank is not uniform, but accelerated 
at one time, and retarded at another. This is an advantage 
in fome of the operations of a loom. It is true, that, by 
means of wipers, any required law of acceleration may be 
produced ; but in a crank, the acceleration muft proceed 
according to one law. The fuperiority of cranks arifes 
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from the circumftance, that they will communicate motion 
in both diredions ; whereas a camm will only pufh a lever 
in one diredion, and the return of the motion mud be made 
by a fpring or counterweight. Now, if this counterweight 
is too large, it makes unneceffary lofs of power and fric- 
tion ; ana if it i3 too (mail, there is fome uncertainty in the 
return of the lever. 

Mr. Todd of Boulton had a patent, in 1803, for im- 
provements in power-looms. 

Mr. Horrocks of Stockport had three fucceflive patents 
for this kind of machinery, in 1803, 1805, and 1813. The 
machine deferibed in the latter is a crank-loom ; that is, the 
lay is aduated by a crank to beat up the weft. The prin- 
cipal improvement confifta in a fyltem of levers, which 
tranfmit the adion of this crank to the lay, and fo modify 
it, that the lay will advance quickly, and give an effedivc 
ftroke to the weft, and then withdraw quickly to a da- 
tionary pofition, in which it will remain whild the fhuttle is 
thrown. The advantages which are dated are, that a large 
fhuttle may be ufed, fufficient to hold a full-fized cop of 
weft : the wade and lofs of time by renewing the cop will, 
therefore, be lefs. From the fmartnefs of the ftroke, lefs 
weight will be required on the yarn-beam, and this will 
occafion the heddles to work more lightly, fo as to break 
fewer threads. From the fame caufe, more threads of the 
weft may be laid in an inch, and make clofer work. 

Mr. John Ton of Fredon had a patent in 1805, and 
another in 1807, for a power-loom, in which the warp is 
dretched on a vertical plane, indead of horizontal, as in 
former machines. The advantages of this are dated to be, 
id, that it takes lefs fpace ; 2d, the reed ferves for the 
(huttle-race, becaufe the ftiuttle runs upon the reed itfelf, 
and, therefore, makes no fridion upon the yarns ; 3d, alfo 
in drefling, picking, and clearing the warp, the attendant 
always remains in front of the machine, and can continue to 
watch the machine ; whereas, in the other looms, he mud 
quit his pod in front, and go round behind the looms for 
thefe operations. When the drefling is to be applied to the 
warp, whild it is in the loom, that part of the warp is con- 
duced horizontally for that purpofc, and a fan is applied 
to dry the warp. 

The lated inventions of power-looms arc Mr. Peter Ewart’s 
patent, 1813; and Mr. Duncan’s loom, which he calls a 
vibrating loom. 

The Indian Loom This is a driking contrail to our power- 

looms ; it coniids merely of two bamboo rollers, one for 
the warp, and the other for the finilhed cloth ; and a pair of 
heddles. The ftiuttle performs the double office of ftiuttle 
and reed : for this purpofe, it is made like a large netting- 
needle, and of a length fomewhat exceeding the breadth of 
the piece of cloth which is to be woven. 

This apparatus the weaver carries to any tree which 
affords a ftiadc mod grateful to him : under this he digs a 
hole large enough to contain his legs, and the lower part of 
the geer or heddles ; he then dretches his warp, by faften- 
ing his bamboo rollers at a due didance from each other on 
the turf, by wooden pins ; the balances of the geer or 
heddles he i'adens to fome convenient branch of the tree over 
his head ; and two loops underneath the geer, in which he 
inferts his great toes, ferve indead of treadles; his long 
fhuttle, which performs alfo the office of a batten, draws 
the weft, throws the warp, and afterwards drikes it up 
clofe to the web. In fuch looms as this are made thofe ad- 
mirable muflin8, whofe delicate texture the Europeans can 
never equal, with all their complicated machinery. 

The weaving, even of their fined muflins, is thus con- 
ducted in the open air, expofed to all the intenfe beat of 
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their climate. We know well that this would be impracti- 
cable with fine work in this country, even in an ordinary 
fummer day, on account of the fudden drying of the drew- 
ing. It is not known what is the fubdance which the 
Indian weavers employ for drefling their warps. It might 
be of ufe to our manufacturers, were this invefligated m a 
fatisfaCtory manner. It is faid to be a decoCtion of rice, 
formed by boiling the rice in a fmall quantity of water, and 
exprefling the juice : when this is cool, it forms a thick 
glutinous fubdance, which undergoes fome kind of fer- 
mentation before it is ufed. 

Figure-weaving. — Having given an account of the nature 
and procefs of plain weaving, we mud notice the fanciful 
and ornamental part i of the bufinefs. The .extent to which 
this fpecies of manufacture is carried renders it an objed of 
very great national importance, and deferving a more minute 
defeription than our limits will admit. 

Figures or patterns arc produced in cloth, by employing 
threads of different colours, or of different a]* >**arance, in 
the warp, or in the weft. By the weaving, the threads 
mud be fo difpofed, that fome colours v ill be concealed 
and kept at the back, whild others are kt.pl in the front ; 
and they mud occafion ally change places, io as to (hew as 
much of each colour, and as often as it ib 1 jcoflary, to make 
out the figure or pattern. 

The weaver has three means of effeding fuch changes of 
colour : Fird, by ufmg different l floured threads m the 
warp, or threads of different fixes and fubitances ; thefe are 
arranged in the warping, and require no change in the man- 
ner of weaving. This is confined to Hriped patterns, the 
dripes being in the direction of the length of the piece. 

Secondly, by employing feveral (hut ties charged with 
threads of different colours or fubdanccs, and changing one 
for another every time a change of colour is required. This 
makes ilripcs aerofs the breadth of the piece ; or, when it 
is combined with a coloured warp, it makes chequered and 
fpotted patterns of great variety. 

Thirdly, by employing a variety of heddles, indead of 
two, as we have hitherto deferibed ; each huddle having a 
certain portion of the warp allotted to it, ami provided with 
a treadle. When this treadle is depreffed, only a certain 
portion of yarns which belong to that huddle will be drawn 
up, and the red will be depreffed ; confcquently, when the 
weft is thrown, all thofe yarns which are drawn up will ap- 
pear on the front or top of the cloth ; but in the intervals 
between them, the weft mud appear over thofe threads 
which are depreffed. The number of threads which are 
thus brought up may be varied as often as the weaver 
choofes to prefs his foot upon a different treadle, and by 
this he produces his pattern. 

All thefe means may be combined together, and give the 
weaver the means of reprefeuting the mod complicated 
patterns. 

The principal varieties of woven cloth, including only 
thofe which require a different procefs for their fabrication, 
are the following : 

Stripes are formed upon the cloth either by the warp or 
by the woof. When the former of thefe ways is prac- 
tifed, the variation of the procefs is chiefly the bufinefs of 
the warper ; but in the latter cafe, it is that of the weaver, 
as he mud continually change his fhuttle. 

By unravelling any Aired of driped cloth, it may eafily 
be difeovered whether the dripes have been produced by the 
operation of the warper or thofe of the weaver. 

When the fly-fhuttle is ufed, the changing of the fhuttle 
is very readily effeded by a Ample contrivance. One of the 
fhuttle-boxes or troughs, as we have before called them, 
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{Plate II. Weaving* jig. 2.) is made in two parts, fo that a 
part of the trough I near the pecker, where the fhuttle lies 
during the time it is at reft, can be removed, and another 
trough fubftitutcd, which contains a different fhuttle. . For 
the purpofe of making the change with facility, a moveable 
(huttle-box n is fufpended by two perpendicular ftems o from a 
wire or centre of motion m attached to the lay, as is fhewn by 
the dotted lines. The moveable box is juft on the fame 
level with the fliuttle-trough I, aud is divided by partitions 
into two or three feparate troughs, each exaCly the width 
of the regular trough, and as long as is neceffary to contain 
a fhuttle. The pecker i, and the wire upon which it Hides, 
remain exadtly as before defcribed ; but by Twinging the 
moveable box n on its centre any one of its compartments 
may be brought to line with the real place for the fhuttle- 
trough in which the pecker runs. The moveable box muft 
have proper catches to hold it exaCly in its true pofitions. 

In working with this contrivance a fhuttle of a different 
colour muft be placed in each cell or divifion of the move- 
able box n ; and when the weaver defires to change the fhuttle 
he pulls the connecting firing. This moves the fhuttle- 
troughs either backwards or forwards, fo as to carry away 
that fhuttle which had been juft before in ufe, and place 
another before the pecker. Then if he pulls the pecker- 
handle y the new fhuttle will be thrown acrofs the fhuttle-race, 
juft as the old one was in the former inftance. If only one 
moveable fhuttle-box is ufed there will be fome limitation in 
the pattern, becaufe the ftripes of different colour muft al- 
ways confift of an even number of the fame coloured thread, 
as two, four, fix, 8cc. This may be obviated, and a greater 
change of fhuttles may be introduced, by ufing two move- 
able fhultle-boxes, one at each end of the fhuttle-race : in 
that cafe the two moveable boxes are provided with cranks 
and firings, fo that the weaver can reach either of them 
with eafe. 

Checks are produced by the combined operations of the 
warper and the weaver. 

Tweeled cloths are fo various in their textures, and fo 
complicated in their formation, that it is difficult to convey 
an adequate idea of the mode of conftruCting them without 
the aid of feveral drawings. 

In examining any piece of plain cloth, it will be obfetved 
that every thread of the weft croffes alternately over and 
then under every thread of the warp which it comes to ; and 
the fame may be faid of the warp : in fhort, the threads of 
the warp and weft are thus interwoven at every point where 
they crofs each other, and are therefore tacked alternately. 

Tweeled cloth is rather different, for only the third, 
fourth, fifth, fixth, &c. threads crofs each other, to form 
the texture. 

Hence two, three, four, or more, of the fucceflive threads 
or fhoot6 of the weft will be found to pafs under or over the 
fame thread of the warp ; or, in other words, by tracing any 
thread of the warp it will be found to pafs over two, three, 
four, or more threads of the woof at once, without any 
interweaving the warp. Then it croffes and partes between 
the threads of the weft, and proceeds beneath two, three, 
four, or more threads, before it makes another paffage be- 
tween the threads of the weft. 

Tweeled cloths are of various deferiptions, and produce 
different kinds of patterns ; becaufe at all the interfering 
points where the threads a&ually crofs or interweave both 
threads of warp and weft are feen together, and thefe points 
are therefore more marked to the eye, even if the warp and 
weft are of the fame colour. Thefe points in plain tweels form 
parallel lines extending diagonally acrofs the breadth of the 
doth, with a different degree of obliquity, according to the 
Vol. XXXVIII. 
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number of weft-threads over or under which the warp- 
threads pafs before an interfedion takes place. In the 
coarfeft kinds every third thread is croffed ; in fin^r fabrics 
they crofs each other at intervals of four, five, fix, feven, 
or eight threads ; and in fome very fine tweeled filks the 
eroding does not take place until the fixteenth interval. 

Tweeling is produced by multiplying and varying the 
number of heddles, or, as the weavers exprefs it, the number 
of leafes in the harnefs, which is the name given to the 
whole number of heddles employed in a loom ; by the 
of a back-harnefs or double-harnefs, by increafing the num- 
ber of threads which pafs through each fplit of the reed, 
and by an endlefs variety of modes in drawing the yarns 
through the heddles ; alfo by increafing the number of trea- 
dles, and changing the manner of treading them. 

The number of treadles requifite to raife all the heddles 
which mull be ufed to produce very extenfive patterns, 
would be more than one man could manage ; for if he placed 
his foot by miftake on a wrong treadle he would disfigure 
his pattern. In thefe cafes, recourfe is had to a mode of 
mounting or preparing the loom, by the application of 
cords to the different heddles of the harnefs ; and a fecond 
perfon is employed to raife the heddles in the order required, 
by pulling the firings attached to the refpedive heddles of 
the back-harnefi, and each heddle is returned to its firft po- 
fition by means of a leaden weight underneath. This is the 
moll comprehenfive apparatus ufed by weavers, for all fan- 
ciful patterns of great extent, and it is called the Draw- 
Loom . See that article. 

The manner of mounting the harnefs of looms, to pro- 
duce all the principal varieties of fabrics, is detailed in our 
articles Design, Draught, and Cording of Looms ; alfo 
Damask, Diaper, Dimity, Dornock, Fustian, and Ta- 
pestry. A perufal of thofe afticles will render it unnecef- 
fary for us to proceed farther on that fubjeft in the prefent 
article. We fhall however deferibe a moft valuable inven- 
tion, which has of late years come into ufe, as a fubftitute 
for the fecond perfon or draw-boy, who muft be employed 
in the draw-loom, by which loom alone all the complicated 
patterns can be woven. 

Machine called the Draw -Boy, becaufe it performs the Office of 
a Draw-Boy in Weaving . — The faving of labour is not the 
only advantage of this machine ; the certainty of its opera- 
tion and fecurity from miftake are obvious. The weaver 
produces the required adion upon the moft complicated 
harnefs by two treadles only, which he works alternately, 
juft with the fame motion as in plain cloth-weaving. The 
machine, when once fet up, performs every thing clfe. 

Like moft other inventions, this was at firft imperfeft, 
but has been gradually improved. We do not know its hif- 
tory, but we have teen great numbers of machines, for 
carpet-weaving and coarfe goods, which have been fome 
years in ufe. The machine is fituated in a fmall fquare 
frame, not larger than a chair, which Hands at the fiae of 
the loom, and cords from all the different heddles are con- 
duced from the draw-loom down to this frame, where they 
are arranged in order. Each cord has a knot anfwcring to 
the handle, which the boy muft pull in the common draw- 
loom ; and there is a piece of mechanifm actuated by the 
treadles which at every llroke feleCts the proper cord, and 
draws it down fo as to raife the heddles belonging to it* 
The next time it changes its pofition and takes another 
cord, and fo on until the whole number of cords has been 
drawn and the pattern completed. 

Thefe original machines have a great defeCl, viz. that 
they only proceed with regularity to raife up all the heddles, 
until all the cords have been drawn, and one ferics of changes 
Ff 
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has been gone through ; but when this is completed, and a 
repetition of the pattern is wanted, the weaver muft flop 
and reftore the machine to its original pofition by pulling a 
ft ring. This appears very cafy, but it diverts his attention ; 
and if he does not do it at the exa& moment his pattern 
may be fpoiled. This defed was remedied by Mr. Alexan- 
der Duff, who received a fmall and inadequate premium 
from the Society of Arts in 1807, probably bccaufe they 
were not aware of its value and importance; but in 1810 
we find them with a liberality truly difeouraging to real 
merit, giving an equal reward to another perfon, for the 
moft trivial alteration of Duff’s machine. The latter ma- 
chine is alone deferibed in their Tranfa&ions ; fee vol. xxviii. 

Mr. Duff's Draw-Boy — Fig. 4. Plate II. Weaving, is a 
plan of this machine, and fig. 2. a perfpedlive view. It is 
fixed at the fide of a draw-loom, in the fame place as a draw- 
boy would (land, and H fhew the cords which are to draw the 
harnefs. The fame letters are ufed in both figures. A A 
is a fquarc wooden axis, mounted fo as to turn backwards 
and forwards in the frame B B, on points or centres of mo- 
tion. At one end of it a pulley D is fixed, to receive a line 
a a faftened to it at the higheft point, by means of which 
the axis receives motion from the two treadles of the loom, 
one of the treadles being attached to one end of the line, and 
the other to the oppofite end of it. E E are two rails of 
wood, fixed acrofs the frame parallel to the axis; and ee 
are two brafs plates ferewed to the rails, and pierced with a 
great number of holes to receive as many cords. Each 
cord is tied by one end to a central rail F of the frame be- 
neath the axis ; and after palling through one of the holes 
in the above plate e, and turning over a round wooden rod 
C, has a lead weight fufpended to the other end of it. 
Thefe weights are fhewn at b b . The rods G G are fuf- 
pended by firings at their ends from the ceiling of the room. 
Fo each of the above cords another is tied juft before it 

{ lafles over G. Thefe are reprefented by H, and hang 
oofely. The upper ends of thefe cords are tied to hori- 
zontal cords extended acrofs the ceiling of the room, and 
made faft to the ceiling at one end ; the other ends pafs over 
pulleys fituated at the top of the loom, in a frame called 
the table of mullets, and the harnefs or heddles are fuf- 
pended by them. 

By this arrangement it will be feen, that when any one of 
the cords faftened at F is pulled down, it muft draw one of 
the ftrings H, and raife fuch an arrangement of the har- 
nefs or heddles as is proper to produce the figure which is 
to be woven. The weight b draws the cord fo as to keep it 
ftraight ; all that is therefore neceffary is to draw down the 
cords at F one at a time, but to take a different one each 
time, and thus raife a different feries of the heddles each 
time ; this is the bufinefs of the machine, and which it ac- 
complifhes in the following manner. 

The bar, or axis, A A, has an iron femicircle, d, 
grooved like a pulley, and each of its ends divided, fo as 
to form a eleft-hook or claw. 

Each of the ftrings made faft at F has a large knot tied 
in it, juft beneath where it paffes through the brafs plate e e , 
which knot flops the farther afeent of the cord, in con- 
fluence of the pull of the weight b. Now when the axis 
A vibrates backwards and forwards by the treadles of the 
lc n, as before mentioned, the hook of the femicirde d 
feiz*8 the knot of one of the cords F, and draws down that 
cord, and raifes the heddles belonging to it. The weaver 
throws the fhuttle, and then returns the treadles, and the 
axis A with the femicircle returns back again, and allows 
the cord F to take its original pofition. When the femi- 
t irclc d inclines over to the other fide, its oppofite hook 
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takes hold of the cord F, which is next to the one op- 
pofite to that which it juft quitted $ it draws down this 
cord, and the weaver again throws his fhuttle, then re- 
turns the femicircle to the oppofite fide, and it will take 
the cord next to the oppofite one, and fo on ; fb that the 
femicircle will in fucceflion take every alternate cord in each 
of the rows e e , and leave every other. 

This is effected by the femicircle Hiding along its axis A 
every time, by means of two wooden racks, h and i, in 
the plan, which are let into grooves in the axis A ; thefe 
racks have teeth like faws, but inclined in contrary direc- 
tions. The racks move backwards and forwards in their 

G rooves, the extent of a tooth at each vibration of the axis, 
y the a&ion of two circular inclined planes of iron faftened 
to the frame at L M, againft which the ends of the racks 
are thrown by fpiral fpnngs concealed beneath each rack. 
The femicircle is fixed on a box or carriage N, which Hides 
upon the axis A, and has two clicks upon it ; one at /, 
which falls into the teeth of the rack h ; the other at m 
for the rack i : n is a roller fixed over the box, and connedted 
with the two clicks / and m, by threads wound in oppofite 
directions ; fo that one click is always raifed up, and difengaged 
from its rack, while the other is in action. O is apiece or wire 
fixed to the frame, fo as to intercept a fmall wire projecting 
from the roller when the axis is inclined, and turn the roller 
a fmall quantity ; P is another wire for the fame purpofe, 
but fixed to a crofs bar, Q, which is moveable, and can be 
faftened at any required place, farther or nearer from the 
end of the axis. Suppofe the roller n to be in fuch a pofi- 
tion that the click m is down, and / drawn up, the adtion 
will be as follows ; the femicircle firfl inclines to the dire&ion 
of Jig. 2., its hook taking down one firing ; during this mo- 
tion the end of the rack i comes to the inclined part of the 
circular inclined plane M, and moves by its fpring towards 
D, the fpaceof one tooth, which the click m falls into. On 
the return of the axis, the rack i is thruft back, and the box 
N and femicircle with it towards L, cauling the hook to take 
the next oppofite firing : in this manner it proceeds, advan- 
cing a tooth each vibration, till it gets to the end of its courfe ; 
the tail of the roller n then ftrikes againft the pin P, and turns 
the roller over, raifes the click m , and lets down the other, /, 
into the teeth of the rack h ; this was all the time moving 
in a contrary dire&ion to i, by its inclined plane L, but had 
no adlion, as its click / was drawn up ; this being let down, 
the femicircle is moved back, a tooth at a time, towards M, 
until it meets O, which upfets the roller n , and fends the 
femicircle back again. 

J'weelsd Stlfa. — In weaving very fine filk tweels, fuch as 
thofe of fixteen leafes, the number of threads required to 
be drawn through each interval of the reed is fo great, that 
if they were woven with a fingle reed, the threads would 
obftrud each other in rifing and finking, and the Hied, or 
opening of the divided warp, would not be fufficiently open 
to allow the fhuttle a free paflage. To avoid this inconve- 
nience, other reeds are placed behind that which ftrikes up 
the weft ; and the warp-threads arc fo difpofed, that thofe 
which pafs through the fame interval in the firft reed are di- 
vided in pafiing through the fecond, and again in paffing 
through the third. By thefe means the obftru&ion, if not 
entirely removed, is greatly leffened. 

In the weaving of plain thick woollen cloths, to prevent 
obftru&ions of this kind arifing from the clofenefg and rough- 
nefs of the threads, only one-fourth of the warp is funk and 
raifed by one treadle, and a fecond is prefled down to com- 
plete the fhed between the times when every (hot of weft is 
thrown acrofs. 

Double Chib it compofed of two webi, each of which 
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conlifts of feparate warps and feparate wefts, but the two are 
interwoven at intervals. The junXion of the two webs is 
formed by pafllng each of them occafionally through the 
other, fo that any particular part of both warps will be found 
fometimes above and fometimes below. 

This fpecies of weaving is almofi exclufively confined to 
the manufaXure of carpets in this country. The material 
employed is dyed woollen, and as almoft all carpets are de- 
corated with fanciful ornaments, the colours of the two webs 
are different, and they are made to pafs through each other 
at fuch intervals as will form the patterns required. Hence 
it happens that the patterns at each fide of the carpet are the 
fame, but the colours are reverfed. Carpets are ufually 
woven in the draw-loom, or with the machine called the 
draw -boy before defcribed. 

Marfeilles is a fabric woven of cotton, which is a double 
cloth. The loom for weaving Marfeilles is fomewhat fimilar 
to the diaper loom. A good idea of the manner in which 
it is prepared may be had, by conceiving two webs woven 
one under the other in the fame loom, which are made to 
intermingle at all the deprefled lines, and form the reticula- 
tions on the furface, in imitation of the quilting performed 
by hand. 

When the fpecies of Marfeilles, called Marfeilles quilting, 
is made, a third warp, of fofter materials than the two others 
defcribed, lies between them, and merely ferves as a fort of 
fluffing to the hollow fquarea formed by them. 

Quilting is another fort of cotton fluff, folely appropriated 
to quilts, which fhould, in ftriXnefs, be fetdown exclufively 
to the cotton manufaXure, although there is nothing to pre- 
vent its being made of other materials. 

r riie weft of thofe quilts is of very coarfe and thick yarn, 
which is drawn out by a fmall hook into little loops, as it is 
woven, that arc fo arranged as altogether to form a regular 
pattern ; every third or fourth (hoot of the (buttle, the 
weaver lias to ft op to form thofe loops from a draft, which 
caufes the weaving of thofe quilts to take up more time than 
that of any other fluff, except tapeftry ; which accounts for 
the greatin fb of the price at which they arc fold, in propor- 
tion to the value of the materials of which they are princi- 
pally compofed. 

Gauze differs in its formation from other cloths, by having 
the threads of the warp crofted over each other, inftead of 
lying parallel. They are turned to the right and left alter- 
nately, and each (hot of weft preferves the twine which it 
has received. 

This effect is cuufed by a Angular mode of producing the 
(beds, which cannot cafily be defcribed without the aid of 
drawings. 

Crofs , or Net Weaving , is a feparate branch of the art, and 
requires a loom particularly conftruXed for the purpofe. 

Spots, brocades, and lappets, are produced by a combina- 
tion of the arts of plain, tweeled, and gauze weaving, and 
as in every other branch of the art are produced in all their 
varieties by different ways of forming the divifion of the 
warp by the application of numerous heddles, and their con- 
nexions with the treadles which move them. Indeed the 
great (kill of the art confifts in the proper management of 
this part of the apparatus of a loom. 

Ribband Weaving . — This was formerly performed by a 
fmall common loom, weaving one ribband at a time. Rib- 
bands are commonly ftriped in the length by laying a (Iriped 
warp, and patterns are produced by changing the colour of 
the weft occafionally ; fometimes an ornamented edging is 
formed by a fuccemon of open loops at the borders of the 
ribband. Figured ribbands are alfo woven by a great num- 
ber of treadles, but as they rarely extend to a greater number 
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than the weaver can manage by his feet, they feldom employ 
a draw -loom. 

Engine Loom for weaving Ribbands .— The weavers at Co- 
ventry, which is the principal feat of the ribband trade, uni- 
verfally employ what they call an engine-loom : it is worked 
by the hands and feet like a common loom, but weaves twelve, 
fixteen, or even twenty ribbands at once. The fhuttles are of 
courfe fly-lhutties, and are driven by what is called a ladder, 
becaufe it is a fmall frame exaXly like a ladder, which Aides 
horizontally in a groove in the lay ; and every crofs-bar of 
the ladder aXs upon one (buttle in the manner of a pecker ; 
the ladder has a handle to give it motion. 

Another peculiarity of this loom is, that the ribbands are 
taken away as they are woven, with very few interruptions 
to wind up the work : for this purpofe they conduX the 
warps over pulleys, and the ribbands alfo, fo that both hang 
down in long loops. Thefe looped partB are conduXed 
through pulleys, which are loaded with weights, and tend 
always to draw the loops down, and keep the warp tight. 
The weight which is thus fufpended by the finifhed ribband 
tends to draw it forwards at every firoke which the lay 
makes ; and the weight which is fulpended by the yam of 
the warp is drawn up. When thefe weights have run 
through their refpeXive courfes, the weaver mu ft ftop to 
wind up the finifhed ribband, and unwind a frefh length of 
yarn. In fome looms this is rendered unneceflary by a 
Ample mechanifm, which continually winds up the ribband 
as faft as it is woven. 

In 1801 the Society of Arts rewarded Mr. Thomas 
Clulow, for an improved loom for weaving figured rib- 
bands. 

This loom differs from the common figured ribband- 
looms in the method of forming the figure, which, in the old 
mode, was tedious, from the work being flopped, whilft the 
figure was drawn by hand. 

In the prefent loom, the tire-cords which form the figure 
are drawn or worked by a cord or leather-ftrap fixed to the 
centre-treadle, which flrap pafles over two vertical and one 
horizontal pulley to the back of the loom, and has a weight 
hung to the end thereof. Upon this ftrap above the weight 
is fixed an iron, of a bevel or (loping form, which when the 
ftrap is pulled up by prefling with the foot upon the treadle, 
raifes a wire-lever placed acrofs the main-wheel of the move- 
ments placed vertically, and allows this main-wheel to move 
one-fourth of its circumference, where it is flopped by an 
iron pin, placed on its rim, and prevented from returning by 
a clitch or catch on the edge of the wheel on its right 
fide. 

Within the rim of the main-wheel is a fmall catch-ftrap 
conneXed with the ftrap above-mentioned ; this catch-ftrap 
pulls forward the main -wheel one-fourth of its circum- 
ference, until it is (lopped by the wire-lever and one of the 
pins on the rim, of which there are four in number in the 
ground. 

There are alfo four iron pins projeXing from the left fide 
of the main-wheel in oppofite quarters of it : thefe aX on a 
hanging lever, to the lower part of which a firing is at- 
tached, which pafles behind the box containing the whole 
machinery, and raifes four clicks or catches on four rollers, 
which permits any one of the four rollers to run back as the 
figure may require, each roller by fuch motion drawing up 
the number of threads neceflary to form the figure, by cords 
extending from thefe rollers over pulleys to the pafs-cords, 
which draw the figure. 

Machine Loom for Ribbands . — We have before mentioned 
M. Vaucanfon’s loom for weaving ten ribbands by a rotatory 
motion. We do not know that this is in ufe in this country* 

Ff* 
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Mr* James Birch invented an improvement on the fwivel- 
loom, fo as to weave fatin-guard or figured laces, and re- 
ceived a reward from the Society of Arts in 1804. 

This loom is worked by a circular motion of the hands, 
without treadles, or any application of the feet. 

A wooden bar, to which the hands are applied, works 
two cranks on a large iron axle, extending the width of the 
loom ; one crank is near each end of the above axis. A fly- 
wheel is attached to one of the ends of the axis, to regulate 
the motion of the machinery 5 an endlefs fcrew is placed 
upon the axis, works a ftar-wneel underneath it, which turns 
a barrel that has a rcfemblance to that of a hand-organ, and 
has wooden pegs fixed in different parts around it. : thefe 
pegs catch upon levers, which draw forward the cords 
that form the figure, and pull them down by a claw, which 
fecures the cords thus brought within its power, and by thofe 
means raife the upper geer connefted with the cords. 

In this loom fourteen pieces of fatin-guard or bed-lace 
arc wove at the fame time, either one pattern and breadth, 
or all of different patterns and breadthr,, as may be re- 
quired. The figure may be extended to any number of 
moots defired. 

The loom takes up 110 more fpacethan a common fwivel- 
loom, fuch as 19 employed in plain-work. It appears to 
work with cafe and expedition, to make good work, and to 
be eafily managed. It docs not break or chafe the filk 
during its working. The weaver can move to any part of 


the front of the loom to infpeft the work, and to continue 
the motion during that time ; and the figure or pattern may 
be formed double the length of thofe ufually done in the 
engine-loom. The loom can be flopped when required, at 
any one (hoot of the fhuttle ; and it will anfwer to weave 
articles made of filk, wool, cotton, or linen, or mixtures of 
thofe articles, or gold or filver lace, and performs its work 
in half the time of an engine-loom. 

The want of uniformity in the technical phrafeology of 
the art of weaving, and tne intricacy of the fubjed, have 
compelled us to render our deferiptions far more intricate 
and difficult than they otherwife would have been. 

We mull acknowledge the affiftance which we have de- 
rived from the very excellent w Effays on the Art of 
Weaving,” by Mr. Duncan, 1808, in 1 vols. 8vo. It is a 
molt curious and valuable publication, embracing almoft 
every thing neoeffary to be known concerning the art on 
which it profeffes to treat 5 if we except feme of the recent 
improvements in machine-weaving, which are only flightly 
not : ced. 

TL' French have long excelled in the various branches of 
figure-weaving ; but this is more from dexterity of their 
weavers than from their machinery. Deferiptions and 
drawings of all looms ufed by them, with every detail of 
their ftrufture, will be found in the different articles of 
L’Encyclopede Methodique, and Les Arts et Metiers, 
D’Art de Fabriquer lc Soie, & c. 
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WEDGWOOD, Josias, in Biograpljy , was the younger 
Ton of a Staffordlhire potter, and born in July 1 730. His 
education was rellri&cd, but his mental powers were of a 
fuperior kind, fo that by the fixed and perfevering exercife 
of them he made very confidcrable improvement in the art 
of pottery to which his attention was directed, and gave a 
name as well as reputation to the place of his nativity. ( Sec 
Pottery and The Potteries. ) His patrimony was fmall, 
but by his fuper-eminent fkill and Heady application he was 
the founder of his own fortune as well as fame. The prin- 
cipal feat of the potteries of Staffordlhire was Burflem 5 
and there 1*9 reafon to believe that they have exilled in or 
near this place for many centuries, and even, as fome fay, 
fince the time of the Romans. But they had continued for 
a long time in the fame rude Hate in which Plot found them 
when he furveyed this county. The merit of introducing 
into this country improvements in the art of pottery muft 
be aferibed to two brothers of the name of Eders, who 
came hither from Holland about the year 1700, and fettled 


in the neighbourhood of the Staffordlhire potteries. They 
manufaftured a red unglazed porcelain from a clay, which 
they found in the eftate on which they fettled, called 
“Bradwell;” but this was only the brown Hone ware, in 
the compofition of which no flint is ufed ; but they made 
ufe of fait in glazing it : this fait, or muriate of foda, was 
thrown into the oven at a certain ftage of the firing procefs, 
and the pieces of ware were fo difpofed as to receive the 
fumes of it on every part of their furfaces. The fumes, 
however, occafioned an alarm in the neighbourhood, which 
obliged them to leave the country. A fimilar manufactory, 
however, was foon after cftablilhed at Shelton, in the Pot- 
teries, by one of their workmen, whofe name was Aftbury, 
and who had poffeffed himfelf of their fecret ; and a 9 it was 
found very ufeful, it was tolerated by the inhabitants, though 
on the day of glazing, the denfe offenfive fumes from fifty 
or fixty manufactories filled the valleys, and covered the bills 
through an extent of feveral miles. The white ftone ware, 
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ami the ufe of ground flints in pottery, were introduced at a 
later period, and, as it is faid, (fee Parkes’s Chcm. Cate- 
chifm, ) in confequence of the following incident. About 
the year 1720, a potter, fuppofed to be the above-mentioned 
Aftbury, flopped at Dun (table in his way to London, and 
fought a remedy for a diforder in his horfe’s eyes ; and the 
oftler of the inn by burning a flint (lone reduced it to a fine 
powder, which he blew into them. The potter, obferving 
the beautiful white colour of the flint after calcination, in- 
ftantly thought of applying the difeovery to the improve- 
ment of his art, and afterwards introduced the white pipe- 
clays found on the fouth fide of Devonfliire, inftead of the 
iron-clays of his own country, and thus produced the white 
ilone ware. At firft the flints were pulverized to the great 
injury of the perfons employed ; till the famous Brindley, 
in the early period of his life, conflruAed the mills that are 
now ufed for grinding them in a moift (late. It is farther 
faid, that an ingenious mechanic, named Alfager, after- 
wards improved the conltruAion of the potter’s wheel, fo 
as to gbre much greater precifion and neatnefs to the work. 
But ftill the French pottery exceeded in beauty that of Staf- 
fordfhire ; and about the year 1760, a confiderable quantity 
of it was imported, and purchafed by perfons of opulence 
to the great detriment of the Englifli manufa&ure. Mr. 
Wedgwood directed his attention to this article, and made 
federal improvements with regard to the forms, colours, and 
compofition of his manufacture ; and in the year 1763 in- 
vented a kind of ware for the table, which gave a turn to 
the market, and under the name of queen’s ware, conferred 
upon it in confequence of the patronage of her majefly, 
came into very general ufe. Its materials were the whitefl 
clays from Devonfhire and Dorfetfhire, mixed with ground 
flint, and covered with a vitreous glaze. By varying and re- 
peating his experiments, Mr. Wedgwood difeovered the mode 
of manufacturing other fpccks of earthenware and porce- 
lain, excellent and beautiful, and adapted to various pur- 
poses both of ufe and ornament. With a view of profe- 
cuting his improvement in pottery he applied to the ftudy 
of cheiniitry, and for his farther afliftance engaged the in- 
genious Mr. Clnfholme, who had been employed in a firoilar 
department by the celebrated Dr. Lewis, author of the 
“ Commcrcium Philofophico-Technicum for whom he not 
only built a comfortable habitation near the manufactory, 
but liberally afforded him an annuity for his fupport under 
the decays of age, which he continued till his death. Aided 
alfo by the claflical taftc of his partner, Mr. Bentley, pot- 
teries were furnifhed which ferved as models for various ar- 
ticles, formed of other materials, that were held in high 
eftimation. We learn from Dr. Bancroft, that almoft all 
the finely diverfified colours which Mr. Wedgwood applied 
to his pottery were produced only by tfie oxyds of iron. 
In the manufacture of his beautiful jafper ware, which ri- 
valled the productions of antiquity, and which found its 
way into the collections of the curious in all parts of Eu- 
rope, he employed the native fulphate of barytes, and from 
this ufe of it he derived great profit, until by the infidelity 
of a fervant the fecret was difclofed and fold, fo that others 
employed inferior workmen at a reduced falary, and thus 
prevented Mr. W. from employing his exquifite modellers 
on that branch of the manufacture. 

Among other curious productions of this inventive manu- 
facturer we may mention his imitation of the Barberini or 
Portland vafe, which was difeovered in the tomb of Alex- 
ander Severus, and for which the late duchefs of Portland 
paid 4000 guineas. The fubfeription for Mr. W.’s manu- 
faAure was at the rate of 50/. each for fifty vafes, but fuch 
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were the expcnce*: of its execution, that the partners loft 
money by the undertaking. Mr. Webber, it is faid, received 
500 guineas merely for modelling it. See Vase. 

We cannot forbear in this connection noticing two cameos 
of Mr. Wedgwood’s manufacture ; one of a flave in chains, 
of which he diftributed many hundreds, with a view of ex- 
citing the humane to aflift in the abolition of the flave-trade , 
and the other a cameo of Hope, attended by Peace aud 
Art and Labour, which was made of argillaceous earth 
from Botany Bay, to which place he fent many of them, in 
order to (hew what their materials were capable of, and to 
encourage the induftry of the inhabitants. 

To this brief account of fome of the numerous produc- 
tions of Mr. Wedgwood, we (hall fubjoin the tribute paid to 
his induftry and genius by an elegant modern poet : 

“ Gnomes ! as you now difleCt with hammers fine 
The granite rock, the noduled flint calcine ; 

Grind with (trong arm, the circling chertz betwixt, 
Your pure kaolins and petuntfes mixt ; 

O’er each red faggar’s burning cave prefide, 

The keen-eyed fire-nymphs blazing by your fide ; 

And plea fed on Wedgwood ray your partial fmile, 

A new Etruria decks Britannia’s ifle. 

To call the pearly drops from Pity’s eye ; 

Or flay Defpair’s difanimating figh, 

Whether, 0 Friend of Art ! the gem you mould 
Rich with new tafte, with ancient virtue bold ; 

Form the poor fetter’d flave on bended knee 
From Britain’s fons imploring to be free ; 

Or with fair Hope the brightening feenes improve. 

Ami cheer the dreary waftes of Sydney-covc ; 

Or bid Mortality rejoice and mourn 

O’er the fine forms on Portland’s myftic urn. 

Whether, O Friend of Art ! your gems derive 
Fine forms from Greece, and fabled gods revive ; 

Or bid from modern life the portrait breathe. 

And bind round Honour’s brow the laurel wreath ; 
Buoyant (hall fail, with Fame’s hiftoric page. 

Each fair medallion o’er the wrecks of age ; 

Nor Time (hall mar, nor Steel, nor Fire, nor Ruft, 
Touch the hard poliflt of the immortal bull.” 

The demand for Staffordfhirc ware very much increafcd, 
and it became a commercial article of exportation of very 
confiderable value. 

The diftriA which Mr. Wedgwood inhabited became by 
his means the feat of population and abundance. The vi- 
cinity was enriched, and a new canal of importance, called 
the Grand Trunk canal, and connecting the Trent and the 
Merfey, was obtained and executed by his influence. The 
ample fortune which he acquired was liberally enjoyed, and 
benevolently applied to many purpofes of private charity and 
public utility. Chemillry and the arts in their mutual con- 
nection were objeCts of his attention ; and he contrived an 
inftrument for meafuring high degrees of heat, called a py- 
rometer, of which he gave an account in the Phil. Tranf. 
for 1782, 1784, and 1786. See Thermometer. 

The difpofition and manners of Mr. Wedgwood were no 
lefs eftimable than the powers of his mind ; fo that he was 
as much the objeA of admiration and efteem for his moral 
as for his intellectual qualities. So much was he refpeAed, 
and fo defirable was the continuance of his ufeful life, that 
he died, univerfally regretted, at his houfe in Staffordfliire, 
to which he gave the name of Etruria, in January 1795, * n 
the 65th year of his age. Aikin’s Chem. DiA. Gent. 
Mag. Parkes’s Chemical Catechifm. Parkes’s Eflaya. 
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WELD, or Wold, rcfcda lutcola of Linnaeus, a plant 
ufed by the dyers to give a yellow colour; and for this 
reafon called, in Latin, lutcola, of lutcus , yellow. For the 
charaAers, fee Reseda. 

When the plants are pulled, they may be fet up in fmall 
handfuls to dry in the field, and when dry enough, tied up 
in bundles and houfed dry 5 care being taken to houfe them 
loofely, that the air may pafs between them to prevent their 
fermenting. That which is left for feeds Ihould be pulled 
as foon as the feeds are ripe, and fet up to dry, and then 
beat out for ufe ; for if the plants are left too long, the 
feeds will fcatter. Mortimer and Miller. 

Weld is much cultivated in Kent, for the ufe of the 
London dyers. 

Mr. Hellot obferves, in his Art de Teindre, that for 
dyeing with weld, the bell proportions of alum and tartar 
for the preparatory liquor are four parts of alum, and one 
of tartar, to fixteen of the wool ; the quantity of the tartar 
being determined by the greater or lefs brightnefs of colour 
propofed ; and that the wool, thus prepared, is to be boiled 
again with three or four parts of weld to one of wool, but 
often much lefs : that for light lhades, it is cuftomary to 
diminifh the alum, and omit the tartar ; and that, in this 
cafe, the colour is more ilowly imbibed, and proves lefs 
durable. 

With a view to economy, the weaker lhades of colour 
are dyed in the fame bath, after the ftronger are finifhed. 
A golden yellow, more or lefs orange, is given by a weak 
madder bath, after the welding. 

Silk is dyed of a golden-yellow, generally with weld 
alone, according to the following procefs : the Huff is firft 
boiled in foap-water, alumed and walhed, then palfed twice 
through a weld bath, in which, the fecond time, fome alkali 
is diflolved, which gives a rich golden hue to the natural 
yellow of the weld. The colour is further deepened by a 
Little annotto. The folutions of lime with weld give to filk 


a bright clear yellow. In order to dye cotton yellow, 
Berthollet diredls firft to clean fe it with wood alhes and 
water, to rinfe, alum, and dry without further rinfing, and 
then to pafs it through a yellow bath, in which the weld is 
fomewhat more than the weight of the cotton. When the 
colour has fufficiently taken, the cotton is thrown into a 
bath of fulphate of copper and water, and kept there for an 
hour ; after which it is boiled with white foap-water, and, 
laftly, walhed and dried. In order to obtain a deeper 
jonquil-yellow, the aluming is omitted, and, inftead of this 
operation, a little verdigrile is added to the weld bath, and 
the cotton finifhed with foda. 

Weld is particularly preferred to all other fubftances in 
giving the lively green lemon-yellow. It is, however, cx- 
penfive ; and it is alfo found to degrade and interfere with 
madder colours more than other yellows. We may here 
add, that the fine delicate yellow, obtained from weld, is 
much ufed by the London paper-ftainers, and fold in the 
form of hard lumps, confifting chiefly of chalk faturated with 
the colouring matter. Meflrs. Collard and Frafer have 
given the following improved procefs : — Diffulcf any quan- 
tity of fine whiting in boiling water ; add to it one ounce of 
alum for every pound of whiting, which will occafion a 
brifk effervefcence, and ftir thefe materials well together till 
the gas is wholly difengaged. On the other hand, boil in a 
feparate veffel iome weld with water juft fufficient to cover 
it, for fifteen minutes, filter the yellow deco&ion, and then 
mix it with the whiting and alumine in fuch proportions, 
that the earths may appear to be faturated with the colour- 
ing matter. Then let the mixture remain a day at reft, and 
at the bottom will be the precipitated earth firmly united 
with the colour, and of a fine yellow tinge, which may be 
conveniently dried on chalk-ftones. 

The weld yellow is a water colour, and is never mixed 
with oil. 
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WELDING, in the ManufaBum , denotes the forging 
of iron, when intenfely heated ; or, more generally, the in- 
timate union which fubfifts between the two furfaces of two 
pieces of malleable metal, when heated almoft to fufion, and 
hammered. This union is fo ftrong, that when two bars of 
metal arc properly welded, the place of junction is as ftrong 
relatively to its thickuefs as any other part of the bar. 
Welding heat is the heat neceflary for producing this effeft. 
Bar-iron cannot be welded to another piece of iron, unlefs 
both be heated to nearly 6o° of Wedgwood’s pyrometer, 
which isT equal to 8.877 of Fahrenheit’s fcale, and is called 
the welding heat ; but if caft-ltecl be heated to this point, 
it would be fufed, and run from under the hammer ; and, 
therefore, it was for a long time thought to be impoflible to 
ufe it in conjunftion with iron, in the fame manner as the 
other kinds of fteel are employed. But fir Thomas Frank- 
land at length difeovered, that if the caft-lleel be made only 
of a white heat, and the iron of a welding heat, the fteel 
will then be foft enough to unite with the iron, and yet the 
former will not become fluid by the operation. It will, 
however, be proper to give the neceflary temperatures to 
the two metals feparateiy, and then to unite them at one 
Angle heat. ( Phil. Trani. for 1 795, p. 296. ) Mr. Parkes 


obferves, that fome nicety is required in the procefs of 
welding iron, fo that the outiide of the weld does not oxi- 
dize too much and fly off in feales, before the infide is 
brought up to a welding heat. When, therefore, a lkilful 
workman is about to weld two pieces of iron, he carefully 
obferves the progrefs of the heat ; and if one becomes too 
hot, he rolls it in fand to preferve it from the aftion of the 
atmofphere ; and when one piece acquires the neceflary 
temperature before the other, he covers that with fand, 
whilft he is bringing the correfponding piece up 'to a fuffi- 
cient heat for its uniting properly witfi the former. Silex, 
when mixed with the oxyd of iron, forms a very fafible 
compound, which covers the work under operation, and 
prevents a further oxidation of the metal. Iron and platina 
are capable of a firm union by welding. See fir John Hall’s 
Experiments, in vol. vi. of Edinb. Phil. Tranf. p. 71. 
Parkes’s Effays, vol. iv. 

Welding, the proper heat fmiths give their iron in the 
forge, in order to double up the fame, when wanted to 
weld a work in the doublings, fo as to be in one piece thick 
enough for the purpofe it is wanted for. 

WELDiNG-ifatf is the ftrong heat, when the iron is pro- 
pereft to bind. 
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WHEEL, Rota, in Mechanics , a Ample machine, confid- 
ing of a round piece of wood, metal, or other matter, which 
revolves on an axis. 

For an account of the wheel and axle , as a mechani- 
cal power, fee Axis in Peritrochio , and Mechanical 
Powers . 

The wheel is one of the principal mechanic powers. It 
has place in mod engines : in effe&, it is of an aifemblage of 
wheels that mod of our chief engines are compofed. Wit- 
nefs clocks, mills, See. 

Its forni is various, according to the motion it is to have, 
and the ufe it is to anfwer. By this it is diftinguifhed into 
Jimple and dented. 

Wheels, Simple , are thofe whofe circumference and axis 
are uniform, ana which are ufed fingly, and not combined. 
Such are the wheels of carriages, which are to have a double 
motion ; the one circular about their axis ; the other re&i- 
linear, by which they advance along the road, &c. which 
two motions they appear to have ; though, in effeft, they 
have but one: it being impolfible the lame thing fhould 
move, or be agitated, two different ways at the fame 
time. 

This one is a fpiral motion ; as is eafily feen, by fixing a 
piece of chalk on the face of a wheel, fo as that it may 
draw a line on a wall, as the wheel moves. The line it 
here traces is a jud fpiral, and dill the more curve, as the 
chalk is fixed nearer the axis. 

The faft, however, has been difputed ; and it has been 
alleged, that nothing is more eafy than for any one, who 
will take the trouble to make the experiment, to prove its 
falfehood. Place the chalk on the face of the wheel, as 
dire&ed, and you will find that, fo far from its deferibing 
a jud fpiral, and that dill the more curve as the chalk is 
fixed nearer the axis, the chalk, if placed on the periphery of 
the wheel, will deferibe a cycloid, and the nearer it is placed 
to the axis, the nearer will the line it deferibes approach to 
the draight line which is deferibed by the axis itfelf. More- 
over, it is not true, nor pretended to be fo, that the fame 
thing moves two ways at once in the rectilinear and circular 
motion of wheels. The local motion, or motion of the 
whole wheel, is re&ilinear only ; that of the parts of the 
wheel circular. Nor can this latter motion with any pro- 
priety be called that of the wheel, unlefs the fame thing 
could alfo move quick and flow at the fame time, which the 
different parts of the wheel, in revolving round its axis, 
evidently do. Jacob’s Obf. on the Stru&ure and Draught 
of Wheel-Carriages, 1773, p. 28, See. 

For a very nice phenomenon, in the motion of thefe 
wheels, fee Rota Arflotelica . 

We (hall add, that, in wheels of this kind, the height 
fhould always be proportioned to the ftature of the animal 
that draws or moves them. The rule is, that the load and 
the axis of the wheels be of the fame height with the power 
that moves them ; otherwife the axis being higher than the 
bead, part of the load will lie upon him ; or, if it be lower, 
lie pulls to difadvantage, and mud exert a greater force. 
Though Stevinus, Dr. Wallis, &c. (hew, that, to draw a 
vehicle, dec. over wade uneven places, it were bed to fix the 
traces to the wheels fo me what lower than the horfe’s bread. 
See Wheels of Coaches , &c. 

The power of thefe wheels refults from the differences of 
the radii of the axis, and circumference. The canon is 
this : “ As the radius of the axis is to that of the circum- 


ference, fo is any power to the weight it can fudain 
hereby.” 

This i9 alfo the rule in the axis in peritrochio ; and, in 
effe&, the wheel, and the axis in peritrochio, are the fame 
thing ; only, in theory, it is ufually called by the latter 
name, and in pra&ice by the former. 

Wheels, Dented , are thofe either whofe circumference, 
or axis, is cut into teeth, by which they are capable of 
moving and a&ing on one another, and of being combined 
together. ' 

The ufe of thefe is very confpicuous in clocks, jacks, 
See. 

The power of the dented wheel depends on the fame 
principle as that of the fimple one. It is only that to the 
dimple axis in peritrochio, which a compound lever is to a 
fimple lever. 

Its do&rine is comprifed in the following canon ; viz . 
“ The ratio of the power to the weight,” in order for that 
to be equivalent to this, M mult be compounded of the ra- 
tios of the diameter of the axis of the lad wheel to the dia- 
meter of the fird ; and of the ratio of the number of revo- 
lutions of the lajl wheel, to thofe of the fird, in the fame 
time.” But this do&rine will deferve a more particular 
explanation. 

1. Then, if the weight he multipled into the produ& of 
the radii of the axes, and that produdl be divided by the 
produft of the radii of the wheels, the power required to 
luftain the weight will be found. Suppole, e. gr. the weight 
A ( Plate XL. Jig* 83. Mechanics ,) = 6000 pounds, B C = 
6 inches, C D = 34 inches, E F = 5 inches, E G = 3 c 
inches, HI = 4 inches, HK = 27 inches: then wiu 
BC x EF x HI = 120; andCD x EG x HK 

ss 32130. Hence the power required to fudain the weight, 
will be 6000 x 120 -r 32130 = 224 very nearly ; a fmall 
addition to which will raife it. 

2 . If the power be multiplied into the product of the 
radii of the wheels, and the fa&um be divided by the pro* 
du& of the radii of the axes 5 the quotient will be the 
weight which the power is able to fudain. Thus, if 
the power be 224 pounds ; the weight will be 6000 
pounds. 

3. A power and weight being given, to find the number 
of wheels, and in each wheel the ratio of the radius of the 
axis, to the radius of the wheel; fo as that the power, 
being applied perpendicularly to the periphery of the lad 
wheel, may fudain the given weight. 

Divide the weight by the power ; refolve the quotient 
into the fa&ors which produce it. Then will the num- 
ber of fa&ors be the number of wheels ; and the radii of 
the axes will be to the radii of the wheels, as unity to the 
fever al wheels. Suppofc, e. gr . a weight of 3000 pounds, 
and a power of 60, the quotient of the former by the latter 
is 500, which refolves into thefe fa&ors, 4. 5. c. c. Four 
wheels are, therefore, to be made ; in one of which, the ra- 
dius of the axis is to the radius of the wheel, as 1 to 4 5 in 
the red, as 1 to 5. 

4. If a power move a weight by means of two wheels, 
the revolutions of the (lower wheel are to thofe of the fwifter, 
as the periphery of the fwifter axis is to the periphery of the 
wheel that catches on it. 

Hence, i» The revolutions are as the radius of the axis 
F E to the radius of the wheel D C. 2. Since the num- 
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ber of teeth in the axis F D, is to the number of teeth in 
the circumference of the wheel M, as the circumference of 
that to the circumference of this ; the revolutions of the 
(lower wheel M f are to the revolutions of the fwifter N, as 
the number of teeth in the axis to the number of teeth in 
the wheel M, which it catches. 

5. If the fa&um of the radii of the wheels G E, D C, 
be multiplied into the number of revolutions of the Ho weft 
wheel, M, and the produdt be divided by the fa&um of the 
radii of the axes which catch into them, G H, D E, &c. 
the quotient will be the number of revolutions of the fwifteft 
wheel O. E. gr. If GE = 8, DC = 12, GH = 4, 
DE = 3, and the revolution of the wheel M be 1 ; the 
number of revolutions of the wheel O will be 8. 

6 . If a power move a weight by means of divers 
wheels, the fpace pafied over by the weight,* is to the fpace 
of the power, as the power to the weight. Hence, the 
greater the power, the quicker is the weight moved ; and 
vice iW*. 

7. The fpaces palled over by the weight and the power, 
are in a ratio compounded of the revolutions of the flowed 
wheel, to the revolution of the fwifteft ; and of the peri- 
phery of the axis of that, to the periphery of this. Hence, 
fince the fpaces of the weight and the power are recipro- 
cally as the fuftaining power is to the weight ; the power 
that fuftains a weight will be to the weight, in a ratio com- 
pounded of the revolutions of the flowed wheel, to thofe of 
the fwifteft, and of the periphery of the axis of that, to 
the periphery of this. 

8. The periphery of the axis of the flowed wheel, with 
the periphery of the fwifteft wheel, being given ; as alfo the 
ratio of the revolutions of the one, to thofe of the other ; 
to find the fpace which the power is to pafs over, while the 
weight goes any given length. 

Multiply the periphery of the axis of the flowed wheel 
into the antecedent term of the ratio, and the periphery of 
the fwifteft wheel into the confequent term ; and to thefe 
two products, and the given fpace of the weight, find a 
fourth proportional : this will be the fpace of the power. 
Suppofe, e.gr. the ratio of the revolutions of the flowed 
wheel, to thofe of the fwifteft, to be as 2 to 7, and the 
fpace of the weight 30 feet 5 and let the periphery of the 
axis of the flowed wheel be to that of the fwifteft, as 3 to 
8 : the fpace of the power will be found 280. For 2x3: 

7 X 8 :: 30 : 280. 

9. The ratio of the peripheries of the fwifteft wheel, and 
of the axis of the flowed ; together with the ratio of their 
revolutions, and the weight, being given : to find the power 
able to fuftain it. 

Multiply both the antecedents and the confequents, of 
the given ratios into each other, and to the produdt of the 
antecedents, the product of the confequents, and the given 
weight, find a fourth proportional : that will be the power 
required. Suppofe, e* gr. the ratio of the peripheries 8:3; 
that of the revolutions 7 : 2, and the weight 2000 ; the 
power will be found 2144* For 7 x 8:2 x 3 :: 2000 
: 214-f. After the fame manner may the weight be found ; 
the power, and the ratio of the peripheries, & c. being 
given. 

10. The revolutions the fwifteft wheel is to perform while 
the flowed makes one revolution, being given ; together 
with the fpace the weight is to be raifed, and the periphery 
of the floweft wheel ; to find the time that will be fpent in 
railing it. 

Say, As the periphery of the axis of the floweft wheel 
is to the given {pace of tne weight 5 fo is the given number 
of revolutions of the fwifteft wheel to a fourth proportional : 
Vol. XXXVIII. 
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which will be the number of revolutions performed while 
the weight reaches the given height. Then, by experiment, 
determine the number of revolutions the fwifteft wheel per- 
forms in an hour ; and, by this, divide the fourth propor- 
tional found before. The quotient will be the time fpent 
in raifing the weight. Wolf. Elem. Math. tom. ii. p. 214, 
3cc. 

Wheels of a Clock , & c. are the crown wheel, contrate 
wheel, great wheel, fecond wheel, third wheel, ftriking 
wheel, detent wheel, &c. See Clock and Watch. 

Wheels of Coaches , Waggons , &c. With refpeA to 
thefe, the following particulars are colle&ed from the ex- 
periments and reafonings of Camus, Defagulien, Beighton, 
Fergufon, Brewller, &c. 

1. The ufe of wheels, in the draught of carriages, is 
two-fold ; viz . that of diminilhing, or of more eafily over- 
coming the refiftance arifing from the fri&ion of the car- 
riage, and that of more readily furmounting obftacles, which 
form angular prominences on the plane over which they are 
drawn, and which mull be either deprelTed by the weight of 
the carriage, or render it neceffary for the carriage, with its 
load, to be lifted over them. They ferve in their firft ufe 
to transfer the fridtton from the under furface of the car- 
riage, and the plane fupporting it, to the furfaces of the 
axle and nave of the wheel. The common method of ac- 
counting for this advantage is by faying, that the refiftance, 
arifing from fri&ion in planes of equal afperity, increafes 
with the velocity of the motion 5 fo that this velocity muft 
be compared with that of the power necelTaiy to move the 
machine, and overcome the fndfion ; and it is obvious, at 
the fame time, that the velocity of a circular motion dimi- 
ni flies gradually from the circumference to the centre. See 
Friction. 

But to this pofition it has been obje&ed, that the illuf- 
tration is not applicable to the cafe : for, granting that, in 
the fri&ion of fledges or flat furfaces, the refiftance increafes 
in proportion to the velocity of their motion, this is not a 
parallel cafe with that of a circular furface rolling over a 
flat plane. On the contrary, the velocity of motion, in the 
outer furface of a wheel, is greater than that of its nave, 
moving under the axle ; while at fuch outer furface there is 
little or no fri&ion at all; whereas at the nave, moving 
much flower, there is much more. Indeed, the fri&ion, 
which the wheel would have againft its fupporting plane, if 
it did not turn round its axis, is by its turning round trans- 
ferred almoft wholly to the axi6 and nave ; whofe circular 
motion is not withflan ding fo much flower. It is, indeed, 
notorious, that the great Tri&ion of the wheels of carriages 
lies between the axle and nave ; and how then can it be pro- 
perly alferted, that fuch fri&ion is diminilhed at the axle, as 
the velocity of the circular motion is there diminilhed? Ac- 
cordingly it has been alleged by a late writer, that fij&ion 
is not diminilhed by the ufe of wheels, but merely trans- 
ferred from the outer furface of the wheel to its nave and 
axle ; and that in the cafe of a wheel rolling along the 
ground, the fpokes a& only as Angle levers, to overcome 
the fri&ion of the periphery againft the plane of its fupport, 
the prominences, conftituting the roughnefs of the plane 
over which it moves, being the fulcra upon which they 
turn, and not the common centre of thefe fpokes, as others 
have maintained, who fay that the wheel a& s, in overcoming 
fri&ion, as an axis in peritrochio. However, in obviating 
the fri&ion of the wheels in loaded carriages, their fpokes 
a& as double levers, refting on a fulcrum at each end. See 
the author’s method of illuftrating and evincing thefe prin- 
ciples, in Jacob’s Obf. on Wheel- Carriages, p. 23, 8c c. 

If carriages were to move along fmootn horizontal planes, 
Z E 
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wheels would be ufeful only in overcoming fri&ion $ but as 
they are drawn along roads covered with loofe donee, indented 
with cavities, they are farther ufeful in ferving to deprefs, 
or raife the carriage over the one, and in railing it out of the 
other. 

2. The wheels of all carriages ought to be exactly round ; 
and the fellies ftiould be at right angles to the naves, accord- 
ing to the inclination of the fpokes, i. e. the plane of the 
curvature of the wheel ftiould cut the nave at right angles, 
though it need not pafs through the place where the fpokes 
are inferted into the nave. 

3. The fpokes, according to Mr. Fergufon and mo ft 
other writers on mechanics, ftiould be inclined to the naves, 
fo that the wheels may be difhing or concave. If, indeed, 
the wheels were always to go upon fmootli and level ground, 
it would be beft to make the fpokes perpendicular to the 
naves, or at right angles with the axles ; becaufe they 
would then bear the weight of the load perpendicularly, 
which is the ftrongeft way for the wood. But becaufe the 
ground is generally uneven, one wheel often falls into a 
cavity or rut, when the other does not, and then it bears 
much more of the weight than the other does ; in which 
cafe diftiing wheels are beft, becaufe the fpokes become 
perpendicular in the rut, and therefore have the greateft 
ftrength when the obliquity of the road throws moll of its 
weight upon them ; whilft thofe on the high ground have 
lefs weight to bear, and therefore need not be at their full 
ftrength. Befides, by this form of the wheels, the bafe of 
the carriage 13 extended, aud it is thus prevented from being 
eafily overturned, and the fellies are hindered from rubbing 
againft the load or the fides of the cart. Dr. Brewfter, how- 
ever, is of opinion, that the difad vantages of concave wheels 
overbalance their advantages. Mr. Anfticc alfo, in his “ Trea- 
tife on Wheel-Carriages,” whilft he recommends concave 
wheels, candidly allows, that fome difadvantageB attend this 
conftrudtion of them ; for the carriage thus takes up more 
room on the road, fo that it is more unmanageable ; and 
when it moves upon plane ground the fpokes not only do 
not bear perpendicularly, by which means their ftrength is 
leflened, but the fridtion upon the nave and axle is made 
unequal, and fo much the more as they are the more diftied. 
Dr. Brewfter farther ftiews, that they are more expenfive, 
more injurious to the roads, more liable to be broken by ac- 
cidents, and lefs durable in general, than thofe wheels in 
which the fpokes are perpendicular to the naves. From 
thefe and other confiderations, our author is decidedly of 
opinion, that if wheels are to be compofed of naves, fpokes, 
and fellies, the rim ftiould be cylindrical, and the fpokes 
perpendicular to the naves ; whereas in concave wheels, the 
rims are uniformly made conical, which fubjedts them to a 
variety of difadvantages. Every cone that is put in motion 
upon a plane furface will revolve round its vertex, and if 
force is employed to confine it to a ftraight line, the fmaller 
parts of the cone will be dragged along the ground, and 
the fridtion greatly increafea. Now when a cart moves 
upon conical wheels, one part of the cone rolls while the 
other is dragged along, and though confined to a redtilineal 
direction by external force, their natural tendency to revolve 
round tbeir vertex occafions a great and continued fridtion 
upon the Unch-pin, the (boulder of the axle-tree, and the 
fides of deep ruts. 

Dr. Brewfter has made fome farther obfervations on the 
conftrudtion of certain parts of the wheels. The iron plates, 
he fays, of which the rims arc compofed, ftiould never be 
lefs than three inches in breadth, as narrower rims fink deep 
into the ground, and therefore injure the roads and fatigue 
the horfes. See the fequel of this article. 

12 


4. The axles of the wheels ought to be perfedtlyftrajglit, 
and at right angles to the ftiafts, or to the pole. When the 
axles are ftraight, the rims of the wheels will be parallel to 
each other, and then they will move the eafieft, becaufe they 
will be at liberty to go on ftraight forwards. But in the 
ufual way of practice, the axles are bent downwards at their 
ends ; which brings the fides of the wheels next the ground 
nearer to one another than their higher fides are ; and this 
not only makes the wheels to drag fideways as they go 
along, and gives the load a much greater power of crufhing 
them than when they are parallel to each other, but alfo en- 
dangers the overturning of the carriage when any wheel falls 
into a hole or rut, or when the carriage goes on a road 
which has one fide lower than the other, as along the fide of 
a hill. Thus, in the hind view of a waggon or cart, let 
A E and B F ( Plate XL. Jig. 9. Mechanics) be the great 
wheels parallel to each other, on their ftraight axle K, and 
H C I the carriage loaded with heavy goods from C to G. 
Then as the carriage goes on in the oblique road A a B, the 
centre of gravity of the whole machine and load will be at 
C ; and the line of diredtion C d D falling within the wheel 
B F, the carriage will not overfet. But if the wheels be 
inclined to each other at the ground, as A E and B F are 
[Jig. 10. ), and the machine be loaded as before from C to 
G, the line of diredtion C*/D falls without the wheel BF, 
and the whole machine tumbles over. When it is loaded 
with heavy goods which lie low. it may travel fafely upon 
an oblique road, fo long as the centre of gravity is at C 
(^.9.), and the line of direction C^/D falls within the 
w heels ; but if it be loaded high with lighter goods from C 
to L [Jig. 11.), the centre of gravity is railed from C to 
K, which ftiews the line of direction K h without the loweft 
edge of the wheel B F, and then the load overfets the wag- 
gon. Mr. Brighton has offered feveral reafons to prove, that 
the axles of wheels ought not to be ftraight : for which we 
mu ft refer to Defaguliers’ Exp. Phil. vol. ii. Appendix, 
p. 540, See. Moreover, if the axle were not at right angles 
to the pole or fhaft, but this was on one fide, then the 
coach or carriage would be drawn on one fide, and almoft 
all the weight would bear upon one horfe. With fome 
mechanics, it is a pradlice to bend the ends of the axle-trees 
forwards, and thus make the wheels wider behind than be- 
fore. Mr. H. Brighton maintains, that wheels in this pofi- 
tion are more favourable for turning ; fince, when the wheels 
are parallel, the outermoft would prefs againft the linch-pin, 
and the innermoft would rub againft the (boulder of the 
axle-tree. In redtilineal motions, however, thefe converging 
wheels occafion a great deal of fridtion, both on the axle 
and the ground, and muft therefore be more difadvantageous 
than parallel ones. This fadt is allowed by Mr. Beighton : 
but he feenis to found his opinion upon this principle ; that 
as the roads are feldom ftraight lines, the wheels fhould be 
more adapted to a curvilineal than to a redtilineal motion. 

5. Large wheels are always more advantageous for rolling 
than fmall ones, in any cafe, or upon any ground whatever. 
If we confider wheels with regard to their fridtion upon the 
axles, it is evident, that fmall wheels muft turn as much of- 
tener round than the large ones, as their circumferences are 
lefs ; and, therefore, a wheel which is twice as large as an- 
other will have twice the advantage in refpedt of the fric- 
tion, the holes of the naves and axles, and the weights upon 
them, being equal. Again, if we confider the wheels as 
they link into the earth, or fall into holes, the bearing of 
the great wheel being double that of the fmall one, it would 
fink but half fo deep ; and if the fmall wheel ftiould meet 
with a hole of the fame diameter with itfelf, it would wholly 
fink in, whilft only a fegment lefs than half of the great 
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wheel wduld fall in : the fame thing would alfo happen in 
marftiy ground, where the fmall wheel would fink wholly in 
the fame hole which the great one would fink into but in 
part. The large wheel 'would alfo have the advantage of a 
lmall one in rifing over eminences or rubs that occurred ; fo 
that the former would go over rubs much higher than the 
latter ; and indeed over any eminences, provided their height 
be not equal to its femidiameter. Delaguliers has reduced 
this matter to a mathematical calculation, in his Exp. Phil, 
vol. i. p. 171, &c. 

A late writer has alfo proved, that a wheel of eight feet 
diameter has fomewhat more than twice the advantage in 
overcoming obftacles of a wheel of two feet ; and he found, 
in pra&ice, that if it requires a certain power to draw a 
carriage of a certain weight over a certain obftacle, with 
wheels of any determinate diameter, it will require wheels 
of four times that diameter, to draw the fame carriage over 
the fame obftacle with half that power. This writer alfo 
obferves, that, in the draught of carriages afeending inclined 
planes, the moving power ads not only again ft the vis in- 
ertia;, which is always equal to the abfolute gravity of the 
load, but alfo againft its relative gravity, which increafes 
with the inclination of the plane ; and with refped to car- 
riages raifed on wheels, it is to be obferved, that the higher 
the axle is removed from the plane, the farther is the centre 
of gravity removed out of the perpendicular line of fup- 
port ; fo that the lower the wheel, the lefs is the relative 
gravity of the carriage. Hence he infers, that fuppofing 
the fridion of two carriages of equal weight, but of dif- 
ferent fized wheels, to be equal, the low-wheeled one would 
be drawn up hill, on a fmooth plane, much more eafily 
than the high-wheeled one ; though on a fmooth, horizontal 
plane, the latter would be drawn more eafily than the for- 
mer. On the contrary, in going down hill, the high- 
wheeled carriage will be urged forward, by its relative gra- 
vity, more than the low-wheeled one. Jacob, ubi fupra, 
p. 63, &c. 

It appears, therefore, that the larger wheels are, the more 
advantageous they are in proportion, provided that they are 
not more than five or fix feet in diameter ; for when they ex- 
ceed thefe dimenfions, they become heavy ; or if they are 
made light, their ftrength is proportionally diminilhed, and 
the fpokes, being long, are more liable to break : befides, 
horfes applied to fuch wheels, would be incapable of exert- 
ing their utmoft ftrength, by having the axles higher than 
their breads, fo that they would draw downwards ; as in 
fmall wheels the draught is made more difficult, by the 
horfes drawing upwards. 

It is obferved by Dr. Brewfter, in the appendix to his 
edition of u Fergufon’s Mechanics,” that when the wheels 
of carriages either move upon a level furface, or overcome 
obftacles which impede their progrefs, they ad as mechani- 
cal powers, and may be reduced to levers of the firft kind. 
In order to elucidate this remark, which is of great import- 
ance in theprefent difeufiion, let A be the centre, and B C N 
the circumference of a wheel 6 feet in diameter, and let the 
impelling power P, which is attached to the extremity of a 
rope A D P, palling over the pulley D, ad in the hori- 
zontal diredion A D. Then, if the wheel is not affeded 
by fridion, it will be put in motion upon the level furface 
M B, when the power P is infinitely lmall. For fince the 
whole weight of the wheel refts on the ground at the point B, 
which is the fulcrum of the lever A B, the diftance of the 
weight from the centre of motion will be nothing, and there- 
fore the mechanical energy of the fmalleft power P, acting 
at the point A, with a length of lever A B, will be infi- 
nitely great when compared with the refiftance of the 
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weight to be raifed ; and this will be the cafe, however fmall 
the lever A B, and however great be the weight of the 
wheel But as the wheels of carriages are conftantly meet- 
ing with impediments, let C be an obftacle fix inches high, 
which the wheel is to furmount. Then the fpoke A C will 
reprefent the lever, C its fulcrum, A D the diredion of the 
power ; and if the wheel weighs 100 pounds, we may repre- 
fent it by a weight W, fixed to the wheel's centre A, or to 
the extremity of the lever C A, and ading in the perpendi- 
cular diredion A B, in oppofition to the power P. Now 
the mechanical energy of the weight W to pull the lever 
round its fulcrum in the diredion A E, is reprefented by 
C E, while the mechanical energy of an equal weight P to 
pull it in the oppofite diredion A F, is reprefented by C F ; 
an equilibrium, therefore, will be produced, if the power P is 
to the weight W as C E to C F, or as the fine is to the co- 
fine of an angle, whofe verfed fine is equal to the height of 
the obftacle to be furmounted ; for E B, the height of the 
mound C, is the verfed fine of the angle B A C, and C E 
is the fine, and C F the cofine of the fame angle. In the 
prefent cafe, where E B is fix inches, and A B three feet, 
E B, the verfed fine, will be 1666, 8 c c. when A B is 1000 ; 
and, confequently, the angle B A C will be 33 0 33*, and 
C E will be to E F, as 52 to 83, or as 66 to 100. A 
weight P, therefore, of 66 pounds, ading in a horizontal 
diredion, will balance a wheel fix feet diameter, and 100 
pounds in weight, upon an obftacle fix inches high; and a 
fmall additional power will enable it to furmount that ob- 
ftaclc. But if the diredion, A D, of the power, be in- 
clined to the horizon, fo that the point D may rife towards 
H, the line F C, which reprefents the mechanical energy of 
P, will gradually increafc, till D A has reached the pofi- 
tion H A, perpendicular to A C, where its mechanical 
energy, which is now a maximum, is reprefented by A C, 
the radius of the wheel ; and fince E C is to C A as 53 to 
1000, a little more than 53 pounds will be fufficient for 
enabling the wheel to overcome the obftacle. 

Proceeding in this way,it will be found, faysour author, that 
the power of wheels to furmount eminences increafes with their 
diameter, and is diredly proportional to it, when their weight 
remains the fame, and when the diredion of the power is 
perpendicular to the lever which ads againft the obftacle. 
Hence we fee the great advantages which are to be derived 
from large wheels, and the difadvantages which attend fmall 
ones. There arc fome circumlfances, however, which con- 
fine us within certain limits in the ufe of large wheels. When 
the radius A B of the wheel is greater than D M, the height 
of the pulley, or of that part of the horfe to which the rope 
or pole D A is attached, the diredion of the power, or tne 
line of tradion A D, will be oblique to the horizon as A d, 
and the mechanical energy of the power will be only A e f 
whereas it was reprefented by A E when the line of trac- 
tion was in the horizontal line D A. Whenever the radius 
of the wheel, therefore, exceeds four feet and a half, the 
height of that part of the horfe to which the traces fttould 
be attached, the line of tradion A D will incline to the ho- 
rizon, and by declining from the perpendicular A H, its me- 
chanical effort will be diminiftied ; and fince the load refts 
upon an inclined plane, the trams or poles of the cart will 
rub againft the flanks of the horfe, even in level roads, and 
Hill more feverely in defeending ground. Notwithftanding 
this diminution of force, however, arifing from the un- 
avoidable obliquity of the impelling power, wheels exceed- 
ing four and a half feet radius have ftill the advantage of 
fmaller ones ; but their power to overcome refiftances does 
not increafe fo faft as before. Hitherto we have fuppofed 
the weight of the large and fmall wheels to be the fame, but 
Z Z 2 
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it is evident that when we augment their diameter we add 
greatly to their weight ; and by thus increafing the load, 
we fenfibly diminilh tneir power. 

From thefe remarks, we fee the fuperiority of great wheels 
to fmall ones, and the particular circum (lances which fug- 
ged the propriety of making the wheels of carriages lefs than 
four feet and a half radius. But even this fize is too great ; 
and it may be fafeiy aflerted that they fhould never exceed 
fix feet in diameter, nor ever be lefs than three feet and a 
half. 

6. Carriages with four wheels, as waggons or coaches, are 
much more advantageous than carriages with two wheels, as 
carts and ehaifes ; for in applying horfes to a carriage with 
two wheels, it is plain that the tiller carries part of the 
weight, in whatfoever manner it be kept in equilibrio upon 
the axle. In goingdown a hill, the weight bears upon the 
horfe $ and in going up a hill, the weight falls the other 
way, and lifts the horfe, by which means part of his force is 
loft. Bcfidcs, as the wheels fink into the holes in the road, 
fometimes on one fide, fometimes on the other, the (hafts 
flrike again ft the tiller's flanks, which is the deftru&ion of 
many horfes. Add to this, that when one of the wheels 
finks into a hole or rut, half the weight will fall that way, 
wherebv the carriage will be in danger of being overturned. 

7. It would be much more advantageous to make the four 
wheels of a coach or waggon large, and nearly of a height, 
than to make the fore-wheels of only half the diameter of 
the hind -wheels, as is ufual in many places. The fore-wheels 
of carriages have commonly been made of a lefs fize than 
the hind ones, both on account of turning fiiort, and to 
avoid cutting the braces. Crane-necks have alfo been in- 
vented for turning yet fhorter, and the fore-wheels have 
been lowered, fo as to go quite under the bend of the crane- 
neck. See an account of an ingenious contrivance for this 
purpofe, under Perch. 

Some carriers and coachmen have, indeed, abfurdly al- 
leged, that when the fore-wheels are much lower than the 
hind ones, they ferve to pufh them on. However, many 
difad vantages attend this conllru&ion. A confiderable 
force is loft that would be effe&ual, if they were large : the 
carriage would go much more eafiiy, if the fore- wheels 
were as high as the hind-ones ; and the higher the better, be- 
caufe their motion would be fo much the (lower on their 
axles, and confequently the fri&ion proportionably dimi- 
nifhed. The jolting and uneafy motion occafioned by low 
wheels, has induced perfons to contrive fprings, in order to 
prevent it. But nothing can be more inconfiftent, even with 
this end, than the common method of fixing the braces to 
the bottom of the body of a carriage. In confequence of 
this practice, the centre of gravity of the fufpended body 
is fo high above the centre of its motion, that it is liable to 
be continually agitated by the jolting of the carriage, and 
its danger of overturning increafed : whereas if, inftead of 
pra&ifing this method, the body were fufpended as near as 
poffible to its centre of gravity, the agitation of the car- 
riage, as well as its danger of overturning, would be in a 
great meafure avoided. 

The cffe£t of the fufpenfion of a carriage on fprings is to 
equalize its motion, by caufing every change to be more 
gradually communicated to it, by means of the flexibility of 
the fprings, and by confuming a certain portion of every 
fudden impuife in generating a degree of rotatory motion. 
This rotatory motion depends on the oblique pofition of the 
(traps fufpending the carriage, which prevents it3 fwinging 
in a parallel direction ; fuch a vibration as would take place 
if the ftraps were parallel, would be too extenfive, unlefs 
they were very fhort, and then the motion would be fome- 
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what rougher. The obliquity of the ftraps tends alfo in 
fome meafure to retain the carriage in a horizontal pofition s 
for if they were parallel, both being vertical, the lower one 
would have to fupport the greater portion of the weight, 
at lead according to the common mode of fixing them to the 
bottom of the carriage ; the fpring, therefore, being flexi- 
ble, it would be ftill further deprefled. But when the ftraps 
are oblique, the upper one aflumes always the more vertical 
pofition, and confequently bears more of the load ; for when 
a body of any kind is fupported by two oblique forces, 
their horizontal thrufts mull be equal, other wife the body 
would move laterally ; and in order that the horizontal por- 
tions of the forces may be equal, the more inclined to the 
horizon mull be the greater : the upper fpring will, there- 
fore, be a little depreued, and the carriage will remain more 
nearly horizontal than if the fprings were parallel. The 
reafon for dividing the fprings into feparate plates has 
already been explained : the beam of the carriage, that 
unites the wheels, fupplies the llrength neceflary for form- 
ing the communication between the axles : if the body of 
the carriage itfelf were to perform this office, the fprings 
would require to be fo llrong that they could have little or 
no effeft in equalizing the motion, and we fhould have a 
waggon inftead of a coach. The eafe with which a carriage 
moves, depends not only on the clafticity of the fprings, 
but alio on the fmall degree of (lability of the equilibrium, 
of which we may judge in fome meafure, by tracing the 
path which the centre of gravity mull deferibe, when the 
carriage fwings. 

There is an inconvenience which attends the ufual method 
of loading carriages ; for when a carriage is loaded equally 
heavy on both axles, the fore-axle mull endure as much 
more fridlion, and confequently wear out as much fooner 
than the hind-axle, as the fore-wheels are lefs than the hind 
ones. However, the carriers commonly put the heavier part 
of the load upon the fore-axle of the waggons ; which not 
only makes the fridlion greateft where it ought to be lead, 
but alfo prefleth the fore-wheels deeper into the ground than 
the hind-wheels, although the fore-wheels, being lefs than 
the hind ones, arc with fo much the greater difficulty drawn 
out of a hole, or over an obftaclc, even fuppoling the weights 
on their axles were equal ; for the difficulty, with equal 
weights, will be as the depth of the hole, or height of the 
obftaclc, is to the femi-diameter of the wheel. Moreover, 
lince a fmall wheel will often fink to the bottom of a hole, 
in which a great wheel will go but a very little way, the 
fmall wheels ought to be loaded with lefs weight than the 
great ones ; and then the heavier part of the load would be 
lefs jolted upward and downward, and the horfes tired fo 
much the lefs, as their draught raifed their load to lefs 
heights. When the waggon-road, indeed, is much up-hill, 
there may be danger in loading the hind-part much heavier 
than the fore-part ; for then the weight would over-hang 
the hind axle, efpecially if the load be high, and endanger 
tilting up the fore-wheels from the ground. In this cafe, 
the (afell way would be to load it equally heavy on both 
axles ; and then as much more of the weight would be 
thrown upon the hind axle than upon the fore one, as the 
ground rifes from a level below the carriage. But as this 
feldom happens, a fmall temporary weight might be laid 
upon the pole between the horfes, which would overbalance 
the danger. 

From Mr. Fergufon's obfervations on the centre of 
gravity, it is evident, that if the axle-tree of a two- 
wheeled carriage pafles through the centre of gravity of the 
load, the carnage will be in equilibrio in every pofition in 
which it can be placed with relped to the axle-tree 5 and 
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in going up and down hill, the whole load will be fudained 
by the wheels, and will have no tendency either to prefs the 
horfe to the ground, or to raife him from it. But if the 
centre of gravity is far above the axle-tree, as it mull ne- 
ceflarily be according to the prefent condru&ion of wheel- 
carriages, a great part of the load will be thrown on the 
back of the horfes from the wheels, when going down a 
deep road, and thus tend to accelerate the motion of the 
carriage, which the animal is driving to prevent : while in 
afcending deep roads a part of the load will be thrown be- 
hind the wheels, and tend to raife the horfe from the ground, 
when there is the greated neceflity for fonie weight on his 
back, to enable him to fix his feet on the earth, and over- 
come the great refidance which is occafioned by the deep- 
nefs of the road. On the contrary, if the centre of gra- 
vity is below the axle, the horfe will be prefTed to the ground 
in going up-hill, and lifted from it when going down. In 
all thefe cafes, therefore, where the centre of gravity is 
either in the axle-tree, or dire&ly above or below it, the 
horfe will bear no part of the load in level ground. In 
fome fituations, the animal will be lifted from the ground 
when there is the greated neceflity for his being prefTed to 
it, and he will fometimes bear a great proportion of the 
load when he (hould rather be relieved from it. 

The only way of remedying thefe evils, fays Dr. BrewAer, 
is to aflign Inch a pofition to the centre of gravity, that the horfe 
may bear fome portion of the load when he mud exert great 
force againd it, that is, in level ground, and when he is afcend- 
ing deep roads ; for no animal can pull with its greated effort, 
umefs it is prefTed to the ground. Now, this may in fome 
meafure be effected in the following manner : — Let B C N 
( Plate XL .Jig. 12.) be the wheel or a cart, A D one of the 
diafts, D that part of it where the cart is fufpended on the 
back of the horfe, and A the axle-tree ; then if the centre 
of gravity of the load is placed at m, a point equididant 
from the two wheels, but below the line D A, and before 
the axle-tree, the horfe will bear a certain weight on level 
ground, a greater weight when he is going up-hill, and has 
more occafion for it, and a lefs weight when he is going 
down-hill, and does not require to be prefTed to the ground. 
All this will be evident from the figure, when we recoiled 
that if the (haft D A is horizontal, the centre of gravity 
will prefs more upon the point of fufpenfion D the nearer it 
comes to it ; or the prefTure upon D, or the horfe’s back, 
will be proportional to the didance of the centre of gravity 
from A. If m therefore be the centre of gravity, b A will 
reprefent its prefTure upon D, when the fhaft D A is hori- 
zontal. When the cart is afcending a deep road, A H will 
be the pofition of the fhaft, the centre of gravity will be 
raifed to a, and a A will be the prefTure upon D. But if 
the cart is going down hill, A C will be the pofition of the 
fhaft, the centre of gravity will be deprelfed to «, and r A 
will reprefent the prefTure upon the horfe’s back. The 
weight fuilamed by the horfe, therefore, is properly regu- 
lated by placing the centre of gravity at m. We have dill, 
however, to determine the proper length of b a and b m, the 
didance of the centre of gravity from the axle, and from 
the horizontal line D A ; but as thefe depend upon the na- 
ture and inclination of the roads, upon the length of the 
(haft D A, which varies with the fize of the horfe, on the 
magnitude of the load, and on other variable circumdances, 
it would be impoflible to fix their value. If the load, along 
with the cart, weighs four hundred pounds, if the didance 
D A be eight feet, and if the horfe (hould bear fifty pounds 
of the weight, then b A ought to be one foot, which being 
one-eighth of D A, will make the prefTure upon D exactly 
fifty pounds. If the road (lope® four inches in one foot, 
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b m mud be four inches, or the angle l A m (hould be equal 
to the inclination of the road, for then the point m will rife 
to a when afcending fuch a road, and will prefs with its 
greated force on the back of the horfe. 

When carts are not condruCted in this manner, we may, 
in fome degree, obtain the fame end by judicioufly difpofing 
the load. Let us fuppofe that the centre of gravity is at 
O when the cart is loaded with homogeneous materials, fuch 
as fand, lime, & c. then if the load is to confid of hetero- 
geneous fubdances, or bodies of different weight, we (hould 
place the heavied at the bottom, and neared the front, which 
will not only lower the point O, but will bring it forward, 
and nearer the proper pofition m. Part of the load, too, 
might be fufpended below the fore-part of the carriage in 
dry weather, and the centre of gravity would approach dill 
nearer the point m. When the point m is thus deprefled, the 
weight on the horfe is not only judicioufly regulated, but the 
cart will be prevented from overturning, and in rugged roads 
the weight fuflained by each wheel will be in a great degree 
equalized. 

In loading four-wheeled carriages, great care (hould be 
taken not to throw much of the load upon the fore-wheels, 
as they would otherwife be forced deep into the ground, and 
require great force to pull them forward. In fome modern 
carriages, this is very little attended to. The coachman’s 
feat is fometimes enlarged fo as to hold two perfons, and all 
the baggage is generally placed in the front, dire&ly above 
the wheels. By this means the greated part of the load is 
upon the fmall wheels, and the draught becomes doubly fe- 
vere for the poor animals, who mud thus unneceflarily fuffer 
for the ignorance and folly of man. 

There is another great di fad vantage attending fmall fore- 
wheels ; viz. that as their axle is below the level of the 
horfe* s breads, the horfes not only have the loaded carriage 
to draw along, but alfo part of its weight to bear, which 
tires them fooner, and makes them grow much differ in their 
hams, than they would be if they drew on a level with the 
fore-axle ; and for this reafon, coach-horfes foon become 
unfit for riding. So that on all accounts it is plain, that 
the fore- wheels of all carriages ought to be fo high as to 
have their axles even with the breads of the horfes ; which 
would not only give them a fair draught, but likewife caufe 
the machine to be drawn by a lefs degree of power. 

Mr. Brighton difputes the propriety of fixing the line of 
tra&ion on a level with the bread of a horfe, and fays it is 
contrary to reafon and experience. Horfes, he fays, have 
little or no power to draw, but what they have from their 
weight ; otherwife they could take no hold of the ground, 
and then they mud flip, and draw nothing. Common ex- 
perience alfo teaches, that if a horfe is to convey a certain 
weight, he ought, that he may draw the better, to have a 
proportional weight on his back or (houldcrs. Befides, 
when a horfe draws hard, he bends forward, and brings his 
bread near the ground ; and then, if the wheels are high, he 
is pulling the carriage againd the ground. A horfe tackled 
in a waggon will draw two or three ton, becaufe the point or 
line of traftion is below his bread, by reafon of the wheels 
being low. And it is very common to fee, when one horfe is 
drawing a heavy load, his fore-feet will rife from the ground ; 
and he will nearly dand on end ; in which cafe it is ufual to 
add a weight on his back, to keep his fore-part down, by a 
perfon mounting‘on him, which will enable him to draw that 
load, without which he before could not move. The 
great ftrefs, or main bufmefs of drawing, fays this ingenious 
writer, is to overcome obdacles ; for on level plains the draw- 
ing is but little, and then the horfe’s back need be prefled 
but with a fmall weight. Mod or all of thefe obdade6 may be 
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confidered at inclined planet. In order to draw the wheel 
AB ( Plate XL*. Mechanics , Jig* 13.) over the obftacle 
D, Ml. de Camus, agreeably to the principles above laid 
down, would have the horfe draw in the line H C ; where- 
at Mr* Beighton fays, fmce the obftacle is D, and the tan- 
gent of the earth, or line of the floor, is at B, and the line 
to be moved in is B D, an inclined plane ; the eafieft pofi- 
tion of drawing, to get the wheel over D, is to draw in the 
pofition of that inclined plane B T, or its parallel C b. As 
all the radii of a wheel are equal, the pulling at the centre is 
the fame as a balance in equilibrio ; viz. there is the fame 
force at A as at B. But in the cafe of drawing in the ho- 
rizontal line HC, when the obftacle is at D, the whole 
force which the horfe has for drawing is by the fhort end of 
the brachium =s e D, againft the force or weight of the 
long end of the brachium / D = c C, which muft be very 
difadvantageous ; therefore, he fays, the line of tra&ion 
fhould be b C. Defag. Exp. Phil. vol. ii. App. p. 542, 
See. 

Whilft M. Camus maintained that the line of tra&ion 
fhould be an horizontal line, or always parallel to the ground 
on which the carriage is moving, becaufe the horfe can exert 
his greateft ftrength in this direction, and becaufe the line of 
draught, being perpendicular to the vertical fpoke of the 
wheel, ads with thelargeft poflible lever, M. Couplet, confi- 
dering that the roads are never perfedly level, and that 
the wheels are conftantly furmounting fmall eminences, even 
in the bell roads, recommends the line of tradiou to be 
oblique to the horizon. It is, however, to M. Depar- 
cieux (Sur le Tirage dcs Chevaux, Mem. Acad. Roy., 
1760. ), that we are principally indebted for juft ideas on this 
fubjed. He has (hewn in the moft fatisfadory manner that 
animals draw by their weight, and not by the force of their 
mufcles. In four-footed animals, the hinder feet are the 
fulcrum of the lever by which their weight ads againft the 
load ; and when the animal pulls hard, it deprefles its cheft, 
and thus increafes the lever of its weight, and diminifhes the 
lever by which the load refills its effeds. Thus in Plate XL. 
Mechanics , Jig. 12, let P be the load, D A the line of trac- 
tion, and let us fuppofe F C to be the hinder leg of the 
horfe, A F part of its body, A its cheft or centre of gra- 
vity, and C E the level road. Then AFC will reprefent 
the crooked lever by which the horfe ads, which is equiva- 
lent to the ftraight one A C. But when the horfe’s weight 
ads downwards at A, round C as a centre, fo as to drag 
forward the rope A D, and raife the load P, C E will re- 
prefent the power of the lever in this pofition, or the lever 
of the horfe’s weight, and C F the lever by which it is re- 
fitted by the load, or the lever of refiftance. Now, if the 
horfe lowers its centre of gravity A, which it always does 
when it pulls hard, it is evident that C E, the lever of its 
weight, will be increafed, while C F # the lever of its refift- 
ance, will be diminifhed, for the line of tradion A D will 
approach nearer to C E. Hence we may fee the great be- 
nefit which may be derived from large horfes, for the lever 
A C neceffarily increafes with their fize, and their power is 
always proportioned to the length of this lever, their weight 
remaining the fame. Large horfes, therefore, and other 
animals, will draw more than fmall ones, even though they 
have lefs mufcular force, and are unable to carry fuch a 
heavy burden. The force of the mufcles tends only to 
make the horfe carry continually forward his centre of gra- 
vity ; or, in other words, the weight of the animal produces 
die draught, and the play and force of its mufcles ferve to 
continue it. 

From thefe remarks, then, according to Dr. Brewfter’s 
ftatement, we may deduce the proper pofition of the 
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line of tradion. When the line of tradion is horizon- 
tal, as A D, the lever of refiftance is C F ; but if this 
line is oblique to the horizon, as A d, the lever of re- 
fiftance is diminifhed to C /, while the lever of the horfe’s 
weight remains the fame. Hence it appears, that inclined 
traces are much more advantageous than horizontal ones, as 
they uniformly diminifh the refiftance to be overcome. De- 
parcieux, however, has inveftigated experimentally the moft 
favourable angle of inclination, and found, that when the 
angle D A F, made by the trace A </, and a horizontal line, 
is fourteen or fifteen degrees, the horfes pulled with the 
greateft facility and force. This value of the angle of 
draught will require the height of the fpring-tree bar, to 
which the traces are attached in four-wheeled carriages, to 
be one -half of the height of that part of the horfe’s breaft 
to that with which the fore end of tne traces is conneded. 

This height is about four feet fix inches, and therefore 
the height of the fpring-tree bar fhould be only two feet 
three inches, whereas it is generally three feet. 

8. The utility of broad wheels, in amending and pre- 
ferving the roads, has been fo long and generally acknow- 
ledged, as to have occafioned fcveral ads of the legiflature 
to enforce their ufe. See Turnpike. 

Several excellent and well-devifed experiments have not 
long ago been inftituted by Boulard and Margueron, which 
have fatiafadorily evinced the diftinguifhing advantage of 
broad wheels. See a Memoir prefented to the Academy of 
Lyons, in the Journal de Phyfique, tom. xix. p. 424. 

Neverthelefs, the proprietors and drivers of carriages 
feem to be convinced by experience, that a narrow-wheeled 
carriage is more eafily and lpeedily drawn by the fame num- 
ber of horfeB than a broad-wheeled one of the fame burthen. 
And though government allowed them to draw with more 
horfes, ana carry greater loads than ufual, they were per- 
fuaded with difficulty to comply with the requifition of le- 
giflature ; and methods have been ufed to evade it. Their 
principal obje&ion has been, that as a broad wheel muft 
touch the ground in many more points than a narrow wheel, 
the fri&ion muft of courfe be fo much the greater ; not con- 
fidering, that if the whole weight of the waggon, and load 
in it, bears upon many points, each fuftains a propor- 
tionable lefs degree of weight and fri&ion than when it 
bears only upon a few points ; fo that what is wanting in 
one is made up in the other, and, therefore, will be juft 
equal under equal degrees of weight, as appears by the fol- 
lowing plain and eafy experiment propofed by Mr. Fer- 
gufon. 

Let one end of a piece of packthread be fattened to a 
brick, and the other end to a common fcale for holding 
weights 5 then having laid the brick edgeways on a table, 
and letting the fcale hang under the edge of the table, put 
as much weight into the fcale as will juft draw the brick 
along the table. Then taking the brick to its former place, lay 
it flat on the table, and leave it to be a&ed upon by the fame 
weight in the fcale as before, which will draw it along with 
the fame eafe as when it lay upon its edge. In the former 
cafe, the brick may be confidered as a narrow wheel on the 
ground 5 and in the latter as a broad wheel. And fince the 
brick is drawn along with equal eafe, whether its broad fide 
or narrow edge touches the table, it (hews that a broad 
wheel might be drawn along the ground with the fame cafe 
as a narrow one, fuppofing them equally heavy, even though 
they fhould drag, and not roll as they go along. Befides, 
as narrow wheels are always finking into the ground, efpe- 
cially when the heavieft part of tne load lies upon them, 
they muft be confidered as conftantly going up hill, even on 
level ground ; and their edges muft fuftain much friftion by 
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rubbing again ft the iides of the ruts made by them. But 
both thefe inconveniences are avoided by broad wheels; 
which* inftead of cutting and ploughing up the roads, roll 
them fmooth, and harden them : though, after all, it muft 
be confeffed, that they will not do in ftiff, clayey crofs roads ; 
becaufe they would foon gather up as much clay a9 would 
be almoft equal to the weight of an ordinary load ; and alfo 
in palling along roads abounding with loofe Hones and other 
obftacles, which a narrow wheel may avoid palling over, 
and a broad one muft furmount, the broad-wheel carriage 
will certainly be drawn lefs ealily and lefs fpeedily than a 
narrow-wheeled one, though not on account of any addi- 
tional friAion arifing from the preffure of the weight on a 
greater quantity of furface. Broad wheels are likewife 
more liable to an inequality of preffure between the axle and 
box than narrow ones, and confequently to a greater wear 
and tear. 

Jacob's Obf. on the StruAure and Draught of Wheel- 
Carriages, 1773, P* 8i» &c. See on the lubjeA of the 
preceding article, Dcfag. Ex. Phil. vol. i. p. 201, & c. 
Fergufon’s LeA.p. 56, &c. 4to., and Appendix by Brew- 
lter. Martin’s Phil. Brit. vol. i. p. 229, &c. 

Wc fhall here fubjoin fomc additional remarks on wheels 
and axles for carriages. The effential qualities of wheels 
are ftrength and durability, and it is defirablc that they 
Ihould be as light as is confident with ftrength : for quick 
travelling carriages lightnefs is very neceffary. 

Wheels to four-wheel carriages Ihould be made as near of 
a height as the conftruAion ana appearance will admit ; and 
if not required for heavy work, the lighter they are made the 
better. The fixtures from whence the draught is taken 
Ihould be placed rather above the centre of the largeft wheel, 
for advantage of draught. 

The members of a wheel are of three defcriptions ; viz . the 
nave, or flock, which is the central piece ; the fpokes, or radii ; 
and the fellies, or circumference. The nave or Hock is made 
of elm, in which all the fpokes are fixed, and in which the 
axletree-box, or wheel-box, is confined, to receive the axle- 
arms on which the wheel revolves. The fpokes are ftraight 
timbers made of oak, firmly tennoned in the nave, in the 
direAion of radiata, to fupport the fellies, or wheel-rim. The 
fellies are made of afh, or beech, and form the rim of the 
wheel ; the whole circumference is ufually divided into 
ftiort lengths, in the proportion of one length to every two 
fpokes. When the felliea are fixed on the fpokes, the iron 
band, or tire, which maintains the wear, is nailed on in lengths, 
and keeps the fellies together. The diameters of wheels 
regulate the number of lpokes and fellies they are to con- 
tain : for the larger the circumference of the wheel is, the 
greater is the number of fpokes required in proportion ; for 
they fhould not in any wheel be more than fifteen inches 
diftant on the fellies, or circumference. 

The ufual height or diameter of wheels for coaches and 
travelling carriages extends to five feet eight inches, and 
are divided into four proportions. Thofe which contain 
from eight to fourteen fpokes, and only half that number 
of fellies, are called eights, tens, twelves, or fourteens, which 
are the number of fpokes in fuch wheels, or of fellies in a 
pair of wheels. The height which regulates the number is, 
for an eight-fpoke wheel, not to exceed three feet two inches ; 
for a ten, four feet fix inches ; for a twelve, five feet four 
inches ; for a fourteen, five feet eight inches. 

Thefe arc the extreme heights for the different numbers 
of fpokes to each wheel, which ihould be rather more than 
lefs, in particular for the fore-wheel of a four-wheel carriage, 
which receives more ftrefs than the hind one ; and the coach- 
maker’s rule is, when the hind-wheels are of that height to 


require fourteen fpokes, the fore one, if under the neceffary 
height before ftated, ihould have twelve; never allowing 
the fore-wheels to have but two fpokes lefs than what is 
needful for the hind ones. 

There are three defcriptions of wheels; viz. the ftraked, 
the hooped, and the patent rim : the differences of thefe 
are only in the rims. 

The ftraked wheel is made with the fellies in feparate 
lengths or pieces, which are joined together at the ends by 
dowels ; that is, a round pin which enters part into one piece 
and part into the other, being clofely fitted into holes made 
in each. The iron with which it is plated is called the 
ftrake, and is put on in pieces of the fame length as the 
pieces of the fellies, and faftened by nails ; the joints of the 
iron are made to fall over the middle of the pieces of wood fo 
as to unite them firmly together. The hooped wheel is fur- 
rounded by a hoop of iron in one entire piece. The patent 
wheel is made with a hoop of wood in one entire piece, by 
boiling or foftening the wood until it can be bent into a 
circle ; this is furrounded by a hoop of iron in an entire 
piece, and faftened by nuts and rivets. 

According to the ufual method of conftruAing ftraked 
wheels, their peripheries are compofedof a number of pieces or 
fellies joined together ; but thefe are weak, and fubjeA to fe- 
veral inconveniences. As the joints are the weakeft parts of 
the wheel, they are moil liable to yield inward ; for which rea- 
fon the wheelwrights leave them higher than the other parts 
of the rim, in confequence of which the wheel is not 
exaAly round withinfide the circle of the rim. Befides, 
the fellies being fegments of a circle, fawed or hewn out of 
ftraight wood, they are on this account rendered fo brittle, 
from the crofs direAion of the grain near the joints, that 
they are with difficulty kept together, even though almoft 
twice the quantity of timber be employed that would other- 
wife be neceffary. The ftrength of fuch a wheel depends 
on the thicknefs of the iron tire or rim that furrounds it, 
and hence the carriage is loaded with an ufelefs weight, both 
of wood and iron. To obviate thefe inconveniences, Mr. 
Viny invented the proccfs for bending timber into a circular 
form, pradlifed for fome time by Meffrs. Jacob and Viny, 
and is now continued by others. In wheels made of tim- 
ber thus bent, the rim confifts either of a fingle piece of 
wood, or two fellies only, and is cafed with a fingle hoop 
of iron. By this m^de of conftruAion, the grain of the 
wood is kept parallel throughout, fo that the periphery of 
the wheel is every where equally llrong ; its thicknels is 
confiderably leffened, infomuch that though little more than 
half the ufual quantity of timber is employed, the wheel is 
of itfelf ftrong enough to fuftain the common burthen laid 
on fuch wheels, without the affiftance of iron tires, which 
are only applied to them as a fafe-guard, to preferve the 
wood from the injuries to which it would otherwise be necef- 
farily expofed from the roads ; and hence a lefs quantity of 
iron is fufficicnt, and even that will be fairly worn out be- 
fore it becomes ufelefs. Befides, the wheel is rendered much 
lighter, and at the fame time much ftronger and more 
durable, than wheels conftruAed of detached pieces of 
wood and iron, in the ufual manner. Thefe patent wheels 
are very fuperior to the common fort, in their neat light 
appearance, and in the length of time they wear, as two lets 
of the former will wear as long as three of the latter : their 
prefervation depends very much on the hoops that the wheels 
are rimmed with. Some perfons Hill prefer the common 
fort of wheels, on account of their being more eafily repaired 
than the hoop-wheel ; but though the repairing of the latter 
is more difficult, they are much lefs fubjeA to need it. 

As the rirhs of wheels wear fooneft at their edges, they 
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fhould be made thinner in the middle, and fattened to the 
fellies with nails of fuch a kind, that their heads may not 
rife above the furface of the rim. The fellies on which the 
rims are fixed ihould, in carriages, be three inches and a 
quarter deep, and in waggons four inches. The naves 
mould be thickeft at the place where the fpokes are inferted, 
and the holes in which the fpokes are placed fhould not be 
bored quite through, as the greafe upon the axle-tree would 
inttnuatc itfelf between the (poke and the nave, and prevent 
that clofe adhefion which is neceffary to the ftrength of the 
wheel. 

The track in which the wheels of every carriage are to 
run is generally the fame, except when intended for par- 
ticular roads, where waggons and other heavy carriages are 
principally ufed, and leave very deep ruts, in which light 
carriages mutt likewife run, or be liable to accident, and are 
alfo fure to be heavy in draught. All four-wheel carriages 
fhould have the hind and fore wheels regulated to roll in the 
fame track. The ordinary width of the wheels is four feet 
eight or ten inches ; that of waggons or carts generally mea- 
fure five feet two inches ; chaife-wheels, as being princi- 
pally intended for the country, are adapted to this width. 
It is immaterial to what width wheels are fet if ufed for run- 
ning upon ttones ; but on marfhy roads, if their cxa&nefs is 
not attended to, the draught is confiderably increafed. We 
have feen a carriage of which the iron axle-tree is made in 
two pieces, overlapping each other in the middle where they 
are joined, and fecured by proper bands to the wood-work of 
the carriage, fo as to admit of Aiding in the direction of the 
axle-tree. Thefe parts are cut with teeth like racks, and a 
pinion is applied between them ; fo that by turning this pinion 
round, the two parts of the axle-tree are made to Aide one 
upon the other ; and the wheels which are fitted upon the two 
extreme ends of the axle-tree can at pleafure be fixed at 
greater or lefs diftance, as the roads require. 

The different heights of hind and fore wheels make alfo a 
difference in the length of their axle-trees, agreeable to 
the proportion they bear to one another ; the fore-wheel 
has the longefl axle-tree by one or two inches between the 
Ihoulders. 

The nave of the wheel is pierced through the centre, with 
a large hole to introduce the box, or iron tube, for the axle- 
arm, as this tends to weaken the wood. It has been fre- 
quently propofed to make metal naves, or centre-pieces for 
wheels, which Aiould contain the box for the axis, and the 
mortife8 for the fpokes of the wheel all caft of one piece of 
metal. Meffrs. Dodfon and Skidmore had a patent for this 
in 1 709. The objedtion to it is, that, if the wood of the fpokes 
(brinks, they become loofe in the mortifes, whereas a wooden 
nave (hrinks at the fame time with the fpoke. This defedt 
has been fince remedied by making the metal wheel-flock 
in two parts ; one with receffes, or fockets, to contain the 
fpokes, and the other a flat plate to fatten againft the former 
with fcrew-bolts, and prefs the fpokes into their cavities. 
Mr. Plucknet had a patent for a metal wheel-flock of this 
kind in 1805, which anfwered extremely well for carts, 
waggons, and artillery. The fpokes were made to fill up 
all the fpace in the nave or dock, fo that each fpoke touched 
its neighbour. The metal flock was only a flat circular plate, 
or ilanch, projedling from the box which received the axle, 
and another flat plate fitted upon it, and bound againtt the 
former by fcrew-bolts, one patting through each arm ; thefe 
rendered the wheel very ttrong. 

Mr. Wilks took a patent in 1 8 1 3 for a metal flock, in which 
there are complete cells for each fpoke, and the cells are 
dove-tailed ; that is, they are made larger at the central part 
than the Otytttde, to prevent them from drawing out, and 
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they are firmly preffed into the dove-tails by the fcrew-bolts 
which confine the moveable plate. 

Wheels for railway-waggons are made of caft-iron, and 
ufually all in one piece ; but this is objectionable, becaufe 
the unequal contra&ion of the arms and rim of the wheel in 
cooling, after the wheel is call, puts the different parts on a 
drain, and they frequently break without any adequate 
force. It is better to caft the rim in one piece and the arms 
in another, and put them together with fcrew-bolts, or rivets. 
Mr. Hawks had a patent for this in 1807. this way, the 
rims may be replaced when worn out. 

The Axle-trees for Wheels of Carriages,— - The ttrong iron 
bar which extends acrofs beneath the wood-work of the 
carriage, is called the axle-tree ; the round parts at each 
end, on which the wheels run, are called the axle-arms ; and 
the part or Hem between them, which is fixed beneath the 
wood-work of the carriage, is alfo called the axle-tree. In 
the form of the latter parts there are but two forts, the 
one made flat, and called a bedded axle-tree, it being 
funk all its length in the under fide of the timbers of 
the carriage ; the other is made of an o&agon form, and flat 
only at the ends where they are bedded. 

The axle-arms on which the wheels turn fhould be made 
perfe&ly round, and fomewhat llronger at the fhoulder than 
at the extreme end, which is ferewed to receive a nut, 
through which and the axle-tree the linch-pin paffes, to keep 
all tight. The nuts are made with a collar at the face ; and 
a temporary collar, or walher, is driven on the back of the 
arms, which form two fhoulder3 for the wheel to wear 
againft, and helps to preferve the greafe from running out, 
and to prevent dirt from getting in. 

As the axle-tree 8 are the principal or only fupport of the 
carriage, every attention and care fhould be fixed in the 
feledion of good iron 5 and to fee that they be well wrought, 
and of fufticient ftrength, rather going to the extreme of 
ftrength, than rifking the life of the paffenger by the over- 
fetting of the carriage, which moftly happens when an axle- 
tree breaks. 

By the bend of the axle-trees, the wheels are regulated to 
any width at bottom, to fuit the track of the roads in which 
they are to run, and are confined in the carriage by means 
of clips, hoops, and bolts. The fhape of the axle-tree be- 
tween the (boulders varies according to the .fituation they 
are placed in, or the form of the timber of the carriage with 
which they are united ; thofe are the mod firm that are flat, 
bedded in the timber. Axle-tree boxes for wheels are of 
various kinds ; thofe which are frequently called long-pipe, 
or wheel-boxes, are long tubes fitted accurately to the arms 
of the axle-trees, and fecurely fixed in the wheel-flocks, or 
naves ; they are ufually made of wrought fheet-iron of a fub- 
ftance proportioned to the weight of the carriage ; their ufe 
is to contain a fupply of greafe, and to prevent the effe&s of 
fri&ion, whereby tne wheels are much aittfted in their mo- 
tion. Thefe are now ufed inftead of the old caft-iron boxes, 
which for quick travelling- carriages are totally out of ufe, 
being found injurious to the axle-trees, by cutting them at 
thofe parts they wear againft, fo as to occafion a frequent 
lining of the arms ; but with the wrought metal boxes this 
is feldom neceffary. 

There are many forts of axle-trees and boxes invented 
various ways, with a view of attaining the following ad- 
vantages ; viz. To contain a longer lupply of g reaie or 
oil, to be more durable, to fccure tne wheels, and to leflen 
the draught. Thofe are all certainly great advantages, 
and though the expence is great, the utility of either of 
them mutt be more than adequate to it, and merits more 
general notice* 
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Some of thefe inventor* even pretend that all thefe ad- 
vantages are combined in one axle-tree ; but the generality 
extend to the advantage only of retaining a fupply of oil, 
and remaining perfect to a confiderable length of time. The 
common fort of axle-tree and box, which is moft generally 
ufed, is fimple and cheap in comparifon with the others. 

Common Axle-tree* — The arms of the axle-tree are made 
round, but rather of a conical form, ftrongeft at the back or 
fhoulders, tapering to the linch end, which is fcrewed for 
a nut, and aifo has a fmall hole for a linch-pin, which 
prevents the nut from coming off : at the body-end is 
a wafher or collar for the back of the wheel-ftock to wear 
againft. The box is made of fheet-iron, proportioned in 
fubftance to the weight or fize of the axle-tree, having the 
edges of the plate, of which it is formed, welded in a ridge 
which proje&s on the outfide ; this fecures the box in the 
nave of the wheel, and prevents it turning round therein. 

The nut which ferews on the end or the axle-arm has a 
broad face to lie flat againft the wheel, and is tapped or 
fcrewed to receive the ferew-end of the axle-tree. Each of 
thofe nuts mull turn on the ferew the fame way the wheel 
goes, and muff have a notch for the linch-pin to pafs 
through, for the purpofe of fecuring the nut From turning 
off. 

The box is what, of the axle-tree, wears moft, and is fre- 
quently obliged to be refitted to the arms ; otherwife they 
give to the wheel while in ufe an unfteady motion, and foon 
exhauft their ftock of greafe. 

Thofe that are well fitted will contain their fupply for 
about one week with regular ufe, or a journey of one hundred 
miles. They wear at the rate of one fet ot boxes to every 
two fets of wheels, and require in that time to be twice or 
thrice taken out of the wheels and refitted to the axle-tree 
arms. 

Axle-trees with Friftion- IV heels. — Thefe were invented by 
Mr. Garnet, at leaft the beft kind, which are made in a very 
ingenious manner. The wheel-box is made much larger 
than the axle-tree, in fisch manner that the fpace all round 
between them may receive a number of rollers which fill it 
up. ( See a defeription in the article Mill -Work. ) Mr. Gar- 
net had a patent in 1784, and for fome years manufactured 
great numbers ; but being very expensive, they fell iato 
difufe, although very complete. This invention ha* been 
lately revived by Mr. Panter. 

The Patent Anti- Attrition Axle-tree and Box . — The pro- 
pofed advantages of this axle-tree are, eafeof draft by dimi- 
nution of friCtion ; the retention of oil to fupply a month's 
ufe $ the eafe with which it is replenifhed without taking 
off the wheels ; the great fecurity for the wheels, which it 
prevents from coming off, and the carriage from over- 
turning, if even- the arm of the axle-tree fhould break ; and 
their durability, and even improvement by wear. Thofe 
axle-trees, if made with the fecuring-collar, for the wheels 
need no nut or linch-pin, as is generally ufed, but the wheel 
may be taken off and put on as eafily as thofe on the 
common principle. 

Thefe axle-arms are reduced at the bottom from a per- 
fect round, and grooved, to receive two fmall rollers, on 
which the weight of the carriage is borne, and which greatly 
facilitates the motion, in the fame manner as blocks ot ftone 
or timber, which require to be removed by the afliftance of 
rollers. Thefe rollers form the outer circumference of the 
axle-trees at bottom, which are reduced to give a bearing 
only on them. A circular box or ciftern is provided to con- 
tain a fupply of oil ; it is clofely fitted to the back of the 
inner end 01 the wheel- ftock, and fixed by three bolts. 
The oil is here contained within three circular receffe*) and 
Vol. XXXVIII. 
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oozes through fmall channels on the arm of the axle-tree, 
which it feeds for a confiderable time. This oil-box is 
made of caft-melal, and has a c«p projecting behind over 
the axle-tree, which prevents the dirt from getting into the 
box. This axle-tree is alfo provided with what is called 
the whcel-fecurity, or ftrap-waflier. It is an iron collar, 
fitted on the external part of the wheel-ftock, and confined 
between the refervoir and ftock, lying as it were in a groove, 
fo that the collar cannot come off. This collar has two 
lugs or ftraps extending backwards fome diftance along 
that part of the axle-tree which is bedded in the wood-work, 
where it is fixed by a nut-ferew. By means of this ftrap- 
wafher, the wheel is fecured to the bedded part of the axle- 
tree ; and fhould the axle-arm within the wheel break, the 
wheel will continue to a6t. 

The cap of this axle-tree is alfo fixed on the out- 
fide part of the wheel-ftocks ; by the fame three bolts 
which faften the oil-box, and by means of a ferew-plug in 
the cap, the axle-tree and refervoir are replenifhed with oil. 
The box is of the fame form as the common box, only 
made of a very hard durable metal, of a confiderable 
thicknefs, and is made in proportion to the weight of the 
carriage. 

Collingc's Patent Cylinder Axle-tree and Box . — Thefe axle- 
trees have been a confiderable time in ufe, and their advantages 
have been proved in the length of time they wear, in the filent 
and fteady motion they preferve to the wheels, in the 
advantage of retaining the oil to profecutc a journey of two 
thoufand miles without being once replenifhed ; and laftly, 
they are very durable, and but little fubjeCt to be out of 
order. 

The axle-tree arm is made as perfectly cylindrical as pof- 
fible, and of a peculiar hard fubftance ; the middle of the 
cylinder is reduced, to contain the oil neceffary to feed the 
axle-trees 5 fo that the two bearings are at the two ends of 
the axle, which has an internal fhoulder, againft which the 
inner end of the wheel -box takes its bearings. Behind this 
fhoulder is a deep groove for a wafher to preferve the 
oil, and prevent noife in its ufe ; alfo a rim, or hollow 
box, on the collar of the axle-tree, which overlaps part 
of the inner end of the wheel-ftock to keep out dirt, 
and anfwer the ufe of a cuttoo. The extreme end of the 
arm is double-fcrewed, to receive two nuts for fecuring the 
wheel : the one ferew turns the way of the wheel * the 
other the reverfe, and is meant as an additional fecurity. 

The box is made of a very hard metal, nicely polifhed, 
and fitted to the arms, having a circular recefs all round at 
the end neareft the carriage, for containing there a fupply 
of oil. The box is longer than the part which bears on 
the axle ; and the projecting part beyond the bearing at each 
end is bored out larger than the arm. The back projection 
fits clofe to the rim of the collar, which it cover* : the 
fore one projects outwards beyond the furface of the wheel- 
ftock, and is fcrewed on the infide to receive the ferew of 
the cap. 

There are many other patents for axle-trees to wheels ; 
but as few of them have come into ufe, we (hall only notice 
Meffrs. Flight and Brook's patent axles. The axle is fixed 
faft to the nave of the wheel, by palling through it. This 
axle turns round within the wheel-box ; whereas in others 
the wheel -box turns round upon the axle. 

The axle is cylindrical, and is received into a cylindrical 
box or tube in the end of the iron axle-tree, which is firmly 
bolted to the underfide of the timber of the carriage. To 
hold the axle in its place, and prevent it from drawing out 
of the box, the end of the axle is reduced to a knob or 
button, which adheres to the end of the axle by a fmall 
3A 
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neck. This button is fitted and received into a focket, in 
tirhich it can freely turn round, but cannot draw out end- 
ways. It is made in a piece of metal, which i9 cylindrical 
on the outfide, and of the fame fize as the axle. It is made in 
two halves, which feparate longitudinally to introduce or 
take out the button at the end of the axle ; but when the 
two halves are put together, the focket-piece forms as it 
were a continuation of the axle. When the axle is put 
into the box with this focket-piece at the end of it, the two 
halves of the focket will be confined together, fo that they 
cannot feparate ; and to prevent them from drawing out of 
the box, a fere w -bolt is put through the box, and paflfes 
through both halves of the focket : this holds the focket 
and the axle in their places. 

Mr. Ackermann has recently obtained a patent ( 1 8 1 8 ) 
for a valuable improvement in the application of the fore- 
wheels to four-wheeled carriages. In our article Coach - 
Making , vol. viii. we have delcribed thofe methods which 
were then known of applying the fore -wheels, fo as to 
make a four-wheel carriage turn with fafety, and in a finall 
fpace. See alfo Perch* 

Mr. Ackermann’s improvement effedts this in the moft 
perfedf manner. Each of the fore axle-treeB is conne&ed 
with the carriage by means of a vertical axle, formed in the 
fame piece with the horizontal axle, and upon which the 
wheel turns, the two axles being fituated at right angles to 
each other. Thefe vertical axles are fitted into fockets, 
formed at the two extremities of a crofs beam of the frame 
of the carriage, which is called the fore-1 pring tranfom. 
Upon thefe axles, as centres of motion, the axle -arms and 
wheels can be turned about horizontally, in order to place 
them obliquely to the direction of the hinder-wheels when 
the carriage is required to turn ; but each axle turns upon 
a feparate centre of motion, and thefe centres are very near 
to their refpe&ive wheels, being at the extremities of the 
crofs-beam or tranfom ; hence the fore-wheels do not 
change their place upon the ground when they are placed 
obliquely. 

In a common carriage, the axles of the two fore-wheels are 
both fixed to one piece of timber, called the axle-bed, 
which is placed beneath the fore- tranfom, and united to it 
by a vertical pin called the perch-bolt, palling through the 
middle of the axle-bed. On this pin, as a centre, the axle- 
bed is turned round. When the wheels are to be placed 
obliquely, it is evident, that, in fo turning upon a (ingle 
centre, one wheel muft advance forwards, and the other mult 
retreat backwards, fo as to diminifh the bearing of the 
carriage-wheels on the ground in a lateral direction, and at 
the fame time the horfes are pulling in that dire&ion which 
tends to overturn the carriage. Another inconvenience is, 
that one of the wheels will touch the perch of the carriage, 
if placed very oblique. 

In the new improvement, two feparate centres of motion 
being ufed, and thefe being removed from each other as far 
as pofiible, many defirable properties are attained. 

To give the oblique dire&ion to the wheels, each vertical 
axle has a lever proceeding backwards from it ; and thefe 
two levers are united together by a conneding-bar, which 
obliges both axles to move at the fame time with i fympa- 
thetic adion. The pole of the carriage is united to the 

J iiece, called the futchel, in the ufual manner; and the 
utchel is united to the fpring. tranfom by a perch-bolt, in 
the ufual pofition ; alfo the hinder end of the futchel is 
jointed to the middle of the conne&ing-bar, between the 
two levers of the vertical axles. The conneding-bar like- 
wife anfwers the purpofe of a fway-bar. 

When the horfes tnove to one fide) the pole and futchel 
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turn upon the perch-bolt, as a lever upon a centre of motion ; 
and the extreme end of the futchel ads upon both vertical 
axles at once by means of the conneding-bar, fo as to place 
both of the fore-wheels in an oblique dired\ion. This is 
the invention of M. Lankenfperger of Munich. 

Wheel, Ariftotle f s . See Rota Ariflotelica, 

Wheel, Blowing, a machine contrived by Dr. Defagu- 
liers for drawing out the foul air of any place, or for forcing 
in frefii, or doing both fucccffivcly, without opening doors 
or windows. See Phil. Tranf. N° 437. 

The intention of this machine is the fame as that of 
Dr. Hales’s ventilator, but not fo effedual, nor fo con- 
venient. See Defagul. Courfe of Exper. Philof. vol. ii. 
p. 563. 568. 

This wheel is alfo called a centrifugal wheel, becaufe it 
drives the air with a centrifugal force. 

Wheels, Bujhes or Boxes of, the infide metal linings of 
the naves. See Wheel. 

Wheel, Cutting Roller , in Agriculture , a tool of the 
cutting and reducing fort, ufed for the purpofe of working 
over crops in fome cafes. In Oxfordfhire a cutting roller 
of this fort has been invented, which is compofed of twelve 
wheels, two inches and a half in thicknefs ; and between 
each of them is a fpace of two inches and a half. They are 
three feet in diameter. It is a load in working fo as to be 
fufficient exertion for a ftrong team to draw it : it is paffed 
over wheat after it has been fown, or after it is come up ; 
and if dry, crofs and crofs. It has alfo been ufed in the 
fpring upon wheat ; it leaves the furface rough in a fort of 
diamond forms, which is found very beneficial in fome of 
the wheat-lands of that diftrift. It is alfo capable of being 
ufed in breaking down the furface of (tiff tillage-land in 
many other cafes and circumftanccs. 

Wheel, Draining , a wheel conflru&ed for the purpofe 
of cutting or making drains. Wheels differently formed 
are ufed for this fort of work. In EfTex they employ 
workmen who make ufe of a raft -iron wheel which weighs 
about four hundred weight, and which is four feet in diame- 
ter ; the cutting edge or extreme circumference of the wheel 
being half an inch in thicknefs, which incrcafes in this way 
as it approaches towards the nave or centre ; and will, at 
fifteen inches deep, fcour out or cut a drain half an inch 
wide at the bottom, and four inches wide at the top. The 
wheel is fo placed in a frame, that it may be loaded at plea- 
fure, and be made to pafs to a greater or lefs depth, as the 
nature of the land may be. 

The writer of the Middlefex Report on Agriculture 
advifes the ufe of a common fix -inch cart-wheel, on the 
felly of which, all round, a fort of ridge-formed addition of 
wood is to be fixed, and a rim of iron of a triangular (hape 
fattened to the wood. A wheel of this kind put on tne 
axle of a cart, in the ufual way, will, of courfe, reft, on the 
edge of the rim of iron ; and which, on driving the horfe 
forward, will make a fmall indent or depreluon in the 
ground merely by the revolution of it ; but in order to 
make it prefs down to the depth of fix or eight inches, that 
fide of the cart (hould be loaded with ftones, iron ballaft, 
or any other heavy material that may happen to be at hand, 
until the whole of the parts, if neceffary, fink into the foil. 
It would however be as well, or better, it is faid, if the rim 
parts added to the wheel were in one piece of call -iron ; as 
the increafed weight of it w r ould enable it to cut or fink 
without the aid of ballad, or with lefs than ufual. The 
cart (hould then be drawn along in fuch a manner, that the 
cutting or depreffing wheel may revolve where the drains are 
intended to be made. In land that is in ridges and furrows, 
it will fometimes be neceffary to draw the wheel along every 
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furrow. When the ground is without ridge and furrow, the 
wheel fhould be drawn over it in parallel lines, five or ten 
yards diftant from each other. The wheel on the other end 
of the axle is a common fix-inch wheel, fupporting only the 
empty fide of the cart, confequently will not cut or deprefs 
the ground. 

The advantage of this contrivance is, that it makes an in- 
dent or depreflion in the furface foil of foft wet clayey grafs- 
lands, fufficient to carry off the water during the fame win- 
ter, by prefling down the fward and herbage without de- 
ftroying it. In the following fpring, thefe drains will be 
nearly grown up, and clothed with grafs; confequently, 
there will be nothing taken from the pafturage or the 
feythe. It is neceffary to obferve, that the wheel mull be 
drawn over the ground every year on the approach of 
winter. With it, and two old horfes, a flout boy or man 
may, it is faid, drain from ten to twenty acres in eight 
hours. 

It may be found very ufeful in the grafs and hay land dif- 
tri&s about the metropolis and other places. See Surface 
Draining . 

Wheel, Meafuring. See Perambulator, 

Wheel, Orjyrcus’s. See Orffyreus. 

Wheel, Perftan. See Persian. 

Wheel -Ploughs, in Agriculture, all fuel) ploughs as are 
conflrudted with wheels. See Plough. 

Wheel, Potter's , is a round board attached to a lathe, 
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and capable of being moved by it, either rapidly or more 
(lowly, as occafion may require. This round board moves 
in a horizontal pofition ; and when in ufe, the clay which is 
to be falhioned is fixed on the centre of it ; and it is put in 
motion either by a perfon who confiantly attends it when at 
work, or by means of a treadle which is moved by the foot 
of the workman himfelf. 

As the clay revolves upon this machine, the workman 
either models it by his fingers, or forms it, by means of an 
inllrument which he holds in his hand, into any kind of cir- 
cular ftiape that he may defire ; and when the objeft is to 
make a number of veffels cxaftly fimilar to each other, the 
fize is generally determined by a gauge fixed without the 
circumference of the revolving wheel, but proje&ing over 
it in fuel) a manner that, whenever the yielding clay is 
fpread out until it touch this gauge, the artift knows that 
the article which he is making has attained the exaft figure 
which he intends. 

The potter’s wheel has lately been much improved by 
adapting a ftrap to it, which pafTes over a large taper cylin- 
der of wood, and by means of which the artiil is enabled 
to increafe or diminifli the rapidity of the motion at plea- 
fure. This contrivance is known to mechanics by the name 
of the cone pulley . Parkes’s Effays, vol. iii. See Pottery, 

Wheels, Tires of, the iron hoops or bars which are put 
round the outfides of the felly -parts of them. 



Windmill 


WiND-yfcfr//* in Mechanics , a machine which is put in 
motion by the force of the wind. Wind-mills are in gene- 
ral applied to the purpofe of grinding corn, but are occa- 
fionatly ufed to give motion to machines for railing water, 
fawing-mills, or for other purpofes. We fhall in this article 
confider the wind-mill as a firft mover, or primum mobile , 
which may be applied to many purpofes. 

The invention of wind-mills is not of very remote date. 
According to fome authors they were firft ufed in France 
in the fixth century ; while others maintain that they were 
brought to Europe in the time of the crufades, and that they 
had long been employed in the Eaft* where the fcarcity of 
water precluded the application of that powerful agent to 
machinery. 

The wind-mill, though a common machine, has fome 
things in it more ingenious than is ufually imagined. 
Ada, that it is commonly allowed to have a degree of per- 
fection, which few of the popular engines have attained to, 
and which the makers are but little aware of : though the 
aid of mathematics has furnifhed ample matter for its im- 
provement. 

The vertical wind-mill, which is the kind in moft common 
ufe, confifts of an axis or (haft A B, ( Jig . i . Plate II. Wind- 
Mill i) placed in the direction of the wind, and ufually in- 
clining a little upwards from the horizontal line. At one 
end of this, four long arms or yards, S, T, V, W, are fixed 
perpendicular to the axis, and crofB each other at right 
angles ; into thefe arms fmall crofs-bars are mortifed at right 
angles ; and other long bars are joined to them, which are 
parallel to the length of the arms ; fo that the bars ibterfeft 
each other in the manner of lattice-work, and form a furface, 
on which a cloth can be fpread to receive the aftion of the 
wind. Thefe arc called the fails ; they are in form of a tra- 
pezium, and are ufually nine yards long and two wide. 

The circular motion is produced by the obliquity of the 
planes of thefe furfaces, from the plane in which all the four 
arms are fituated ; by thefe means, when the wind blows in 
the direction of the axis, it does not impinge upon the fails 
at right angles to their furfaces, but ftrikes obliquely ; hence 
the effort of the fail to recede from the wind, caufes it 
to turn round with the common axis, and the four fails are 
all made oblique in the fame direction, fo as to unite their 
efforts for the common objeCt. 

That the wind may aCt with the greateft efficiency upon 
the fails, the wind-ihaft mult have the fame direction as the 
wind. But as this direction is perpetually changing, fome 
apparatus is neceftary for bringing the wind-fhaft and fails 
into their proper pofition : this is done by turning the axis 
and fails round in an horizontal direction. There are two 
methodsof effecting this. In the old mills, like Jig . i, the whole 
jof the mill or building which contains the machinery is fuitained 
upon a vertical poit, (irmly fixed as a (land or foot, upon which 
the whole machine can be turned by a lever, to prefen t the 
fails to any quarter of the horizon from whence the wind 
blows ; and hence thefe are called pod wind-mills, and are 
Aeccffarily made of wood, The other kind,/^. 2, is called a 
("mock-mill, in which only the dome-cap or head, which 
contains the axis of the fails, and covers the great cog- 
wheel, turns round horizontally; the other parts of the 
machinery being contained in a fixed building, which rifes 
up in form of a conical tower of mafonry, and is furmounted 
by this moveable cap or dome, which is lupported on rollers, 


fo as to turn round eafily. 

A 8 both the common methods of adjufting the wind-fhaft 
require human afliftance, it would be very defirable that 
the fame effeft (hould be produced folcly by the aftion of 
the wind. This may be done by fixing a large wooden vane 
or weathercock at the extremity of a long horizontal arm, 
which lies in the fame vertical plane with the wind-fhaft. 

By thefe means, when the furface of the vane and its dif- 
tance from the centre of motion are fufficiently great, a very 
gentle breeze will exert a fufficient force upon the vane to 
turn the machinery, and will always bring the fails and 
wind-fhaft to their proper pofition. This weathercock, it 
is evident, may be applied either to machines which have a 
moveable roof, or to thofe which revolve upon a vertical 
arbor. This method is praftifed in fmall machines ; but a 
vane of fufficient power to turn a large mill about would 
be unwieldy. A much better method is therefore praftifed 
in the beft mills, as we fhall foon deferibe. 

In a pojl-mill the building mu ft ncceflarily be of fmall fize, 
and it can only contain one pair of mill-ftoncs. For this pur- 
pofe, a large cog-wheel is fixed upon the main-fhaft or axis 
of the fails ; the cogs are placed in the face or flat furface of 
the wheel, and aft upon the teeth of a pinion, which is fixed 
upon the vertical axis or fpindle of the mill-ftones. The 
mill-houfc is of a reftangular figure, but narrow in the 
direftion which is prefented to the wind : it is two ftories 
high, the main-fhaft and mill-ftoncs being in the upper 
chamber, whilft the lower is only ufed to contain facks of 
flour, and alfo to receive the poft on which the mill turns 
round horizontally to face the wind. This poft is a very 
ftrong tree, and is held perpendicularly by fixing it upon 
the middle of long timbers, which form a large crofs on the 
ground, and are the bafement of the whole mill. The poft 
is fixed perpendicularly by means of feveral oblique braces, 
extending from the ground-erofs to the middle part of the 
poft ; but ten or twelve feet of the upper end of the poft 
imift be round, and clear from the obftruftion of the braces. 
This part of the poft rifes up through the middle of the lower 
chamber, in the floor of which a circular collar is formed, 
to furround the lower part of the poft exaftly. At the upper 
end of the poft is a pivot or gudgeon, which enters into a 
focket fixed in the middle of the upper floor, and to one of 
the ftrongeft crofs-beams, becaufe this beam muft fuftain the 
whole weight of the mill. In this manner, the whole mill 
can turn about upon the vertical poft, but remains always in 
equilibrio. To make it firm, and prevent it from turning 
about at every moment, a ftrong framing is united by joints 
to the back part of the mill-houfe, and defeends in a (loping 
direftion till it touches the ground : this is furnifhed with 
fteps, fo that it ferves as a broad ladder to afeend to the 
mill ; but another ufe is to fteady the mill, becaufe the end 
of this frame, which is very heavy, refts on the ground, and 
fhort poft 3 are fixed in a circle round the mill at regular 
intervals, to which the end of the ladder is faftened with 
cords. In order to turn the mill about, a rope is faftened 
to the end of the floping ladder, and is carried up to the top 
of the mill in an inclined direftion. By means of a ftrong 
lever, or a tackle of pulleys, this rope can be (hortened, fo as 
to lift up the ladder clear of the ground ; and then, by pufh- 
ing it like a long lever, the whole mill is turned round. To 
obtain more force, a fmall capftan is often provided to draw 
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a rope attached to the end of the ladder. This capftan is 
moveable, and is faftened at pleafure to any one of the polls 
which are fixed in the ground. 

The internal mechanifm of a poft wind-mill is exhibited 
in^f. 3. Plate II. Wind-Mill . A H O is the upper room ; 
Hoz the lower one ; A B the axi9 palling through the mill; 
S, T, V, W, the fails, covered with canvas, fet obliquely to 
the wind, and turning round in the order of the letters in 
jig. 1 ; C the cog-wheel, having about forty -eight cogs, 
which carry round the lantern E, having eight or nine 
rounds, together with its fpindle G N ; K is the upper mill- 
ftone, and L the lower one ; Q R is the bridge fup- 
orting the axis or fpindle G N ; this bridge is fupported 
y the beams c and X Y, wedged up at c and Q ; z Y is 
the lifting-tree, which Hands upright ; a b and e f are 
levers, whofe centres of motion are a and u ; / g h i is a 
cord, with a Hone, i 2 it goes about the pins^ and h 9 to wind 
up and raife the ftone at pleafure. The fpindle / N is 
fixed to the upper mill-ftone K, by a piece of iron called 
the rynd, and fixed in the lower fide ot the ftone, which is 
the only one that turns about, and its whole weight refts 
upon a hard ftone, fixed in the bridge Q R at N. The trundle 
E, and axis G may be taken away ; for it refts by its 
lower part at / by a lquarc focket, and the top runs in the 
edge of the beam *iv. By bearing down the end f of the 
lever f e 9 b is raifed, which raife9 z Y, and this raifes Y X, 
which lifts up the bridge O R, with the axis N G, and the 
upper ftone K ; and thus the ftones are fet at any diftance. 
The lower immoveable ftone is fixed upon ftrong beams, and 
is broader than the upper one : the flour is conveyed through 
the tunnel n 0 into a cheft ; P is the hopper, into which is 
put the corn, which runs along the fpout r into the hole /, 
and fo falls between the ftones, where it is ground. The 
axis G / is fquare, which fhaking the fpout r, as it goes 
round, makes the corn run out ; r s is a firing going about 
the pin j, and ferving to move the fpout nearer to or farther 
from the axis, fo as to make the corn run fafter or flower, 
according to the velocity and force of the wind. And 
when the wind is great, the fails S, T, V, W, are only in 
part or one fide covered ; or perhaps only one halt of 
two oppofite fails. Toward the end B of the axis another 
cog-wheel may be fixed, with a trundle and mill-ftones, 
like that already deferibed ; fo that the fame axis moves 
two ftones at" once ; and when only one pair is to grind, 
the trundle E, and axis G /, are taken out from the 
other ; xy l is a girt or gripe of pliable wood, fixed at the 
end x ; and the other end / is tied to the lever k m 9 moveable 
about b ; and the end rn being put down, draws the gripe 
x y l clofe to the cog-wheel ; and thus the motion of the 
mill is flopped at plealure ; p q is a ladder for afeending to 
the higher part of the mill ; and the corn is drawn up by 
means of a rope, rolled about the axis A B, when the mill 
is at work. 

The ftruCiure of the mill-ftones, or grinding parts, is the 
fame as the water-mills. See Mill. 

It is plain that this conftruCtion confines all the machinery 
to the two chambers, or that part of the mill which 
is poifed upon the vertical poft; hence this kind of wind- 
mill is unfit for any other purpofes than that of grinding 
corn, and for ex prefling oil, becaufe there iB fo little room 
for the machinery. The Dutch, who are famous for wind- 
mills, make them fometimes with a very large poft, which, 
has a hole down through the centre of it, like a trunk, and 
through this, a perpendicular axis paffes to convey the 
power of the mill down into a building below, and upon 
the top of which, as a roof, the foundation-beams of the 
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poft are fixed. ( See Jig. 4. ) In this way, the mill is applied 
to faw wood, or to make paper, or any other purpofe 5 but 
the conftruCtion is complicated, and lefs effective than the 
other kind of mill, in which only the head or top turns 
round, as we fhall now deferibe. 

The Smoch-MilL — This is the bell kind of mill, becaufe 
the building which contains the machinery may be made of 
any required dimenfions, the fails and turning cap being all 
at the top of the houfe. Fig . 3. in Plate I. Wind- Mill* 
is a vertical fe6iion of one of thefe mills. K K are the 
walls of the houfe, and O O ftrong timbers forming a roof 
to it ; upon thefe eight principal timbers H are erected, to 
form an octagonal pyramid of carpentry, the Tides of which 
are filled up by diagonal bracing, and fmall uprights to 
nail the boarding to. 

The four fails are fixed on aft iron axis B N, by ferewing 
them to an iron crofs formed at one end of it. Two of 
thefe fails are marked A A ; but the other two are end- 
ways, and cannot be feen. Upon the aids within the mill 
the cog-wheel C is fixed ; and this turns a trundle or lantern 
D, fixed on the upper end of a ftrong vertical (haft, E E, 
extending from the top to the bottom of the mill, to turn 
the machinery : on the lower end of it is a large wheel, f f 9 
which turns two pinions, g g 9 upon the fpindleB of the 
mill-ftones h h . Thefe are on the fame conftruCtion as thofe 
deferibed in our article Mill, to which we refer. At / is a 
wheel upon the main axis, giving motion to a pinion on a 
horizontal fhaft or roller, k 9 which has a rope wrapped 
upon it, to wind up the facks of corn. The wheel / alfo 
turns a fimilar horizontal axis with feveral wheels, to receive 
endiefs ropes for turning the bolting and drefling machines. 

We will now enter more fully into the mechanifm of the 
upper part of the mill, which is called its head or cap, 
marked G, and contains the axis B N. This is fupported 
upon bearings, one being near its fails, and the other at 
its extreme end, as is (hewn in Jig . 5. Plate II. Wind-Mill , 
which is an horizontal fe&ion of the head, (hewing the cir- 
cular kirb, or wooden ring, K, and the framing which ia 
bolted upon it to fupport the axis. 

The conftruCtion of the axis is (hewn in Jig . 6. of the 
fame plate. It confifts of an oCtagonal iron (haft with two 
cylindrical necks at c and d 9 where it rells upon its bearings. 
At the end it has a kind of box, which has two mortifes, 
e and /, through it in perpendicular directions to receive the 
fails. At the back of one of thefe mortifes, and the front of 
the other, a projecting arm is left in the calling to receive 
fcrew-bolts, which hold the fails fall in the mortifes. The 
cog-wheel is fixed on by bolting its arms againft a flanch C, 
caft on the axi3. The fails are braced by a rope-ftay to 
each arm, proceeding from the end of a pole, which is fixed 
at the end of the caft -iron axis. Each fail is formed of a 
fail-cloth, fpread upon a kind of lattice-work or framing, 
compofed of rails mortifed into the arms of the fails. The 
plane of this frame is inclined to the plane of the fails* mo* 
tion at fuch an angle, that the wind blowing in the direction 
of the axis aCls upon the fails as inclined planes, and turns 
them about with a power proportionate to the fize of the fails 
and force of the wind. It is neceflary, as the wind changes its 
direClion, to turn the fails about, that the axis may be always 
in the direClion of the wind. ( See Jig . 3. Plate I. ) This mo- 
tion is effeCled by turning the head of* the mill round upon 
the fixed part, on a circle or kirb at the top of the frame com- 
pofing the houfe of the mill. At the bottom of the frame of the 
wood-cap is a circular or moveable kirb, between which and 
the fixed kirb a number of rollers are placed ; and the move- 
able kirb of the cap lies upon thefe rollers, which are kept 
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rquidiftant from each other by their centre-pins being fitted 
into a circular hoop : by thefe means, though the head of the 
mill with the wheels and fails weigh feveraltons, they can bo 
made to turn round to face the wind by a flight power. 

The head is contrived to turn itfelf about whenever the wind 
changes in the following manner : — A fmall pair of fails, or 
fans, M, are fixed up in a frame L, projeding from the back 
of the head : it has a pinion of ten leaves upon its axis, engag- 
ing in a wheel of 60 teeth upon an inclined axiB b ; and this 
has a pinion d of 1 1 leaves at the other end of it, turning a bevil- 
led wheel of 72 teeth upon a vertical iron axis, at tne lower 
end of which is a pinion e of 1 1 teeth : this works in a circle 
of 1 20 cogs, fixed round on the outiide of the fixed kirb. By 
thefe means, whenever the fan M is turned, it moves the head 
of the mill flowly round, and with proportionate power. 

Now if ever the wind varies in the leaft from the diredion 
of the main (haft of the fails, it ads obliquely upon the 
vanes of the fan, and turns them round, at the fame time 
fetting the head right again, fo that the axis points to the 
wind. But when the axis is in this fituation, the wind blows 
in the planes of the vanes of the fan, and has no effed upon 
them. The head of the mill is kept firmly in its place when 
it turns about by rollers; the axles of which are bolted 
to the in fide of the framing of the head, and the rollers 
apply to the infide of the fixed kirb : there are four of thefe 
rollers. The pivot at the upper end of the vertical fhaft is 
fupported in a bearing bolted to a crofs-beam in the framing 
of the head of the mill ; and this is fixed precifely in the 
centre of the head, that it may not vary in its fituation as 
the head turns round. Many other things are fo evident in 
the drawing as to need little farther explanation ; fuch as 
the different floors of the building, and the circular gallery, 
I I, all round the mill, for the miller to go round to take the 
cloth off the fails in high winds, or when the mill is to flop. 
This is done by untying the cloth at the extremity of the 
fail, and twilling it up like a rope 5 then tying the end of 
it again to the lattice, in which Hate it prefen ts no furface to 
the wind. At k is a roller turned round by a wheel /, fixed 
on the middle part of the vertical (haft : it is ufed to draw 
up the facks of corn from the bottom of the mill into the 
upper part, which is ufed as a ftore-houfe for the corn, be- 
ing divided into as many compartments as the miller requires. 
The mill*ftones are made the fame as thofe ufed in water- 
mills. A pair of regulating balls are attached to the upper part 
of the mill-ftone fpindle, to regulate the velocity of tne mill. 
The manner of applying this regulator is explained in Jg . 5. 
Plate II. Wind- Mill. The lower end of the iron fpindle 
F is fitted to a fquare, formed on the top of the mill-llone 
axis, and the pinion fg is fixed on the upper end, to give mo- 
tion to the ffones : immediately beneath the pinion two rods 
are jointed, hanging downwards, having a heavy iron ball, /, 
fixed fail on the lower end of each : two links are jointed to 
the arms at m, and fufpend a collar, which is capable of 
Aiding freely up and down upon the fpindle F. It is evident 
tjiat when the balls fly out from the lpindle by their centri- 
fugal force, that the collar will be elevated, and the con- 
trary when the balls approach the fpindle. The Hiding col- 
lar is embraced by a fork formed at the end of a fleelyard, 
lying horizontal, and fufpended by the rod p as a fulcrum ; 
an iron rod q defeends from the extreme end of the fleelyard, 
having its lower end formed to a hook, by which it is con- 
ne&ed with a lever, r, whofe fulcrum is / ; this, by an iron 
rod t 9 fufpends one end of the beam called the bridge, on 
which the lower pivot of the mill-ftone axis refts, the other 
end bearing on a fulcrum or centre. Now it follows from 
this arrangement of levers, that by elevating the forked end 


of the fleelyard, or the Aiding collar, that the fpindle of 
the ftones will be fuffered to defeend a very minute quantity. 
This regulates the velocity of the mill, becaufe when the 
wind increases, and the motion of the mill is accelerated, the 
balls fly out by the centrifugal force 5 this lets the upper 
flone down nearer to the lower, thereby increafing the re- 
finance to the mill, and counterading the increafea force of 
the wind. On the other hand, if the wind falls, and the 
mill moves more flowly in confequence, the balls fall toge- 
ther, and let down the Aiding collar ; this raifes the flone 
up, and increafes the diftance between them, thereby dimi- 
mfhing the refiftance ; for this purpoi’e, a weight 0 ( Jig. 5.) 
is hung upon the fleelyard, fufficient to elevate the flone 
whenever the clofing of the balls and confequent defeent of 
the collar will permit it to do fo. There are feveral notches 
made in the fleelyard for different pofitions of the fulcrum p 
and rod q ; by means of thefe the quantity of the regulation 
can be adjufted to the following rule. If when tne wind 
blow 8 ftronger the mill goes flower, contrary to the effed 
expeded, it (hews that the regulation is too adive ; then in- 
creafe the leverage of the balls by fhortening the diftance 
between the fulcrum p of the fleelyard and the fufpenfion 
of the rod 7, by fhifting either of them into different 
notches. On the contrary, if the mill goes much fafter 
when the wind increafes, it (hews that the regulation does 
not ad fufficiently ; then increafe the diftance between the 
rod q and the fulcrum p. If the whole limits of the 
notches in the fleelyard ihould not be fufficient to effed 
this, the ading length of the lever r / mull be increafed or 
diminifhed by removing its fulcrum 1 to a greater or leffer 
diftance from the fufpending-rod t ; by means of this con- 
trivance the miller is enabled, without much inconvenience, 
to regulate the velocity of the ftones to that degree which 
is found befl for reducing the greatefl quantity of grain to 
flour, without damaging it by heating, as is the cafe when 
the ftones move too quick. 

Theory of the Motion of a Wind- Mill, •with the Pofxtion of 
its Sails or V ones . — The angle which the furfaces of the fails 
are to make with their common axis, that the wind may have 
the greateft effed, or the degree of weathering, as the mill- 
wrights call it, is a matter of nice inquiry, and has much 
employed the thoughte of the mathematicians. 

To conceive why a wind-mill moves at all, the theory of 
compound motions muft be fuppofed. A body moving 
perpendicularly againft any furface, ftrikes it with all ita 
force. If it move parallel to the furface, it does not ftrike 
it at all : and if it move obliquely, its motion, being com- 
pounded of the perpendicular and parallel motion, only ads 
on the furface, confidered as it is perpendicular, and only 
drives it in the diredion of the perpendicular. So that 
every oblique diredion of a motion is the diagonal of a 
parallelogram, whofe perpendicular and parallel diredions 
are the two fides. Add, that if a furface, which, being 
ftruck obliquely, has only received the perpendicular direc- 
tion, be faftened to fome other body, 10 as that it cannot 
purfue its perpendicular diredion, but muft change it for 
lome other ; in that cafe, the perpendicular itfelf becomes 
the diagonal of a new parallelogram, one of whofe fides is 
the diredion which the furface may follow ; and the other, 
that which it cannot. 

Thus, a rudder faftened obliguely to the keel of a veffcl, 
being ftruck by the current of water parallel to the keel, 
and, of confequence, obliquely with regard to itfelf 5 it 
will appear, by drawing the line of perpendicular impulfe, 
that it tends to tear the rudder from the keel, and to carry 
it away : and that this diredion, perpendicular to the rud- 
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der, is oblique to the keel. The rudder,, then, would be 
carried off in an oblique direction ; but as, in reality, it is 
fo fecured, that it cannot be torn and carried off, we are 
only to confider, in this compound motion, that of the two 
diredions wherewith it can move without being torn from 
the keel ; and leave the other, which would tear it off, as 
ufelefs. 

Now, the diredion in which it can move without parting 
from the keel, is that which carries it circularly about its 
extremity, as about a centre. So that the eflfed of the 
oblique impulfe of the water on the rudder is reduced, fir ft 
to a perpendicular impreffion, which is again reduced to the 
mere turning of the rudder round ; or, if the rudder be im- 
moveable, to the turning of the veffcl. Now, in an oblique 
and compound motion, where only one of the directions is 
of fervice ; the greater ratio the other has to it, the lefs 
effeCt will the motion have, and vice verfd . In examining 
the compound motions of the rudder, we find, that the 
more oblique it is to the keel, the ratio of the direction that 
ferves to turn it to the other is the greater. But, on the other 
hand, the more obliquely it is to the keel, and, of confe- 
quence, to thecourfc of the water which is fuppofed parallel 
to it, the more weakly it ftrikes. The obliquity of the 
rudder, therefore, has, at the fame time, both an advantage 
and a difadvantage ; but as thofe are not equal, and as each 
of them is ftill varying with every different pofition of the 
rudder, they become complicated varioufly ; fo that fome- 
times the one prevails, and fometimes the other. 

It has been a point of inquiry to find the pofition of the 
rudder, in which the advantage {hould be the greateft. 
M. Renau, in his famous theory of the working of (hips, 
has found, that the beft fituation of the rudder is, when 
it makes an angle of fifty-five degrees with the keel. See 
Rudder. 

If, now, a wind-mill, expofed direCHy to the wind, (hould 
have its four fails perpendicular to the common axis in which 
they are fitted, they would receive the wind perpen- 
dicularly ; and it is viiible that impulfe would only 
tend to overturn them. There is a neceffity, therefore, 
to have them oblique to the common axis, that they may 
receive the wind obliquely. 

For the greater eale, let us only confider one vertical fail. 
The oblique impulfe of the wind on this fail is reducible 
to a perpendicular impulfe ; and that direction, as the 
fail cannot abfolutely keep to it, is compounded of two ; 
one of which tends to make it turn on its axis, and the 
other to fall backwards. But it is only the firft of thefe 
directions that can be obeyed. Of confequence, the whole 
impulfe of the wind on the fail has no other effed but to 
make it turn from right to left, or from left to right, 
as its acute angle turns this way or that. And the ftruc- 
ture of the machine is fo well contrived, that the three 
other fails are determined, from the fame caufes, to move 
the fame way. 

The obliquity of the fails, with regard to their axis, has 
precifely the fame advantage and difadvantage with the 
obliquity of the rudder to the keel. And M. Parent, 
feeking, by the new analyfis, the moft advantageous fitu- 
ation of the fails on the axis, finds it precifely the fame angle 
of fifty-five degrees. 

For the farther illuftration of this point, let A B ( Plate II. 
Wind-Mitt, Jig . 7. ) be the axis of the mill, C D a fail, and its 
angle of obliquity (vix. that which it makes with the axis) 
be E C G ; then if G C be the force of the wind in the di- 
red pofition of the fail, G E (the fine of the angle of inci- 
dence G C E ) will be the force of the wind in its oblique 
pofition ; but the force of G E is refclvable into two 
Vo l. XXXVIII. 
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others, E F and G F ; of which the latter, being parallel to 
the axis, avails nothing in turning the fails about it ; but the 
other, E F, being perpendicular to it, is wholly fpent in 
compelling the fail to turn round. The force 01 the wind 
on the fail will be as the fquare of the fine of incidence, or 
*r 9^*’ ant ^ ^ the area of the fail, and the velocity 
of the wind, be fuppofed conftant, the force of the wind 
m the dired pofition will be to that in the oblique 
one, as G C to G E * ; but when G E is the whole force, 
that part which turns the fail is reprefented by E F ; 

andGE : EF(::GC:CE) :: GE> : ~^ 

= to the force which turns the fail, when the whole 


force is reprefented by G E 3 


This expreflion 


CE x GE 1 
GC 


begins from nothing, when the angle of incidence begins 
to be oblique, and increafes with the obliquity of the 
faid angle to a certain number of degrees ; becaufe 
that part of the force which is parallel to the axis, be- 
comes lefs in proportion to that which is perpendicular 
to it; but after it has paffed this limit, it again de- 
creases, and becomes nothing, when the angle of incidence 
vanifhes. There is, therefore, one certain pofition of the 
fail, in which the force of the wind upon it is a maxi- 
mum. In order to find this, put radius G C = a, EC = 
* ; and we have GE'saa - x x, and confequently the 


CE GE 3 

GC 


a ax — xxx 


, which muft be a maxi- 


mum; therefore its fluxion -3*'x = o: whence 


a a = xx, and fo 



(in logarithms) 


20.000000 — 0.47712 1 


= 9*761439, which is the loga- 


rithmic fine of the angle 35 0 16'= CGEj and there- 
fore the angle ECG = $4° when the force of the 
wind is a maximum. Thus, alio, if / m {jig. 7. ) parallel 
to the axis QM, be equal to a , and reprclent the whole 
force of the wind on the fail 5 this force is reduced to / n, 
and this again to n 0, which ads perpendicularly to the 
axis, and turns the fail. This force, putting mn =2 x, 

aax — x* 

is expreffed by and thus, as before, when it 

; and the angle 

Imn = 54° 44'* Martin's Phil. Brit. vol. i. p. 220, 
vol. ii. p. 212. 

This angle, however, is only that which gives the wind 
the greateft force to put the fail in motion, but not the 
angle which gives the force of the wind a maximum upon 
the fail when in motion : for when the fail has a certain 
degree of motion, it yields to the wind ; and then that 
angle muft be increafed, to give the wind its full effed. 
Mr. Maclaurin, in his Fluxions, vol* ii. p. 734. has (hewn 
how to determine this angle. 

It may be observed, that the incrcafe of this angle (hould 
be different, according to the different velocities from 
the axis to the extremity of the vane or fail. At the axis 
it (hould be 54° 44', and thence continually increase, giving 

3R 


is a maximum , x 
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the vane a twill, and fo caufing each rib of the vane to lie 
in a different plane. 

It is obfcrved, that the ribs of the vane or fail ought to 
decreafe in length from the axis to the extremity, giving 
the vane a curvilineai form ; fo that no part of the force 
of any one rib be fpent upon the reft, but all move on 
independent of each other. The twift above-mentioned, 
and the diminution of the ribs, are exemplified in the wings 
of birds. As the end of the fail neareft the axis cannot 
move with the fame velocity which the tips or fartheft ends 
have, although the wind ads equally ftrong upon them, 
Mr. Fergufon ( Left, on Mechanics, p. 5a.) fuggefts, that 
perhaps a better pofition than that of ftretching them along 
the arms diredly from the centre of motion, might be to 
have them fet perpendicularly acrofs the farther ends of the 
arms, and there adjufted lengthwife to the proper angle. 
For, in that cafe, both ends of the fails would move with 
nearly the fame velocity ; and being farther from the centre of 
motion, they would have fo much the more power, and then 
there would be no occafion for having them fo large as they 
are generally made ; which would render them lighter, 
and, confequently, there would be fo much the lefs 
fridion on the thick neck of the axle, when it turnB in the 
wall. 

M. Parent confidered what figure the fails of a wind-mill 
fhould have, to receive the greateft impulfe from the wind ; 
and he determined it to be a fedor of an ellipfis, whofe 
centre is that of the axis, or arbor, of the mill ; and the 
little femi-axis the height of thirty -two feet : as for the 
greater, it follows neceffarily from the rule that direds the 
fail to be inclined to the axis, in an angle of 55 degrees. 

On this foundation he affumes four fuch fails, each of 
which is one-fourth of an ellipfis ; which, he {hews, will 
receive all the wind, and lofe none, as the common ones do. 
Thefe four furfaces, multiplied by the lever with which the 
wind ads on one of them, exprefs the whole power the wind 
has to move the machine, or the whole power the machine 
has when in motion. 

The fame manner of reafoning, applied to a common 
wind-mill, whofe fails are redangular, and their length 
about five times their breadth, (hews, that the elliptic wind- 
mill has about feven times the power of the common 
one. 

A wind-mill with fix elliptic fails, he (hews, would dill 
have more power than one with only four. It would only 
have the fame furface with the four, fince the four contain 
the whole fpace of the ellipfis as well as the fix. But the 
force of the fix would be greater than that of the four, in 
the ratio of 245 to 231. If it were defired to have only 
two fails, each being a femi-ellipfis, the furface would be 
ftill the fame ; but the power would be diminifhed by near 
one-third of that with fix fails, becaufe the greateft of 
the fedora would much (horten the lever with which the 
wind ads. 

Bejl Form and Proportion of re 8 angular Wind-Mills . — 
As elliptical fails would be fomething fo new, that 
there is little room to exped they will come into common 
ufe, the fame author has confidered which form, among the 
redangular ones, will be the moft advantageous. And by 
the method de maximis et minimis , he finds it very different 
from the common ones. 

The refult of this inquiry is, that the width of the red- 
angular fail fhould be nearly double its length ; whereas 
the length is ufually made almoft five times the width. 
Add, that as we call length the dimenfion which is taken 
from the centre of the axis, the greateft dimenfion of the 
new redangular fail will be turned toward the axis, and the 
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fmalleft from it ; quite contrary to the pofition of the com- 
mon fails. 

The power of a wind-mill with four of thefe new red-' 
angular fails, M. Parent (hews, will be to the power of four 
elliptic fails, nearly as 1 * to 23 ; which leaves a confiderable 
advantage on the fide of the elliptic ones ; yet will the force 
of the new redangular fails be confiderably greater than that 
of the common ones. 

M. Parent likewife confiders what number of the new 
fails will be moit advantageous ; and finds, that the fewer 
the fails, the more furface there will be, but the lefs 
power. The ratio of the power of a wind-mill with fix 
fails will be to another with four, nearly as 14 to 13. And 
the power of another with four will be to that with two, 
nearly as 13 to 9. 

For a variety of curious experiments and obfervations 
concerning the conftrudion and effeds of wind-mill fails, 
by the ingenious Mr. Smeaton, fee Phil. Tranf. vol. ii. 
p. 138, &c. 

Mr. Smeaton 's experiments did not realize M. Parent’s 
theory for he found the fails fixed at the angle of 55 de- 
grees with the axis, to be the lcaft advantageous of any 
which he tried ; but if the fails are included from 72 to 75 
degrees from the axis, or 15 to 18 degrees to the place 6f 
their motion, the greateft effed will be produced that can 
be when the fails are plane furfaces. 

He alfo found, that the elliptical fails, which intercept 
th'e whole cylinder of wind, do not produce the great- 
eft effed, for want of proper interftices for the wind to 
efcape. 

The following maxims, deduced by Mr. Smeaton from 
his experiments, contain the moft accurate information upon 
the fubjed. 

Maxim 1. — The velocity of wind-mill fails, whether un- 
loaded or loaded, fo as to produce a maximum effed, is 
nearly as the velocity of the wind, their (hape and pofition 
being the fame. 

Maxim 2. — The load at the maximum is nearly, but 
fomewhat lefs than, as the fquarc of the velocity of the 
wind, the (hape and pofition or the fails being the fame. 

Maxim 3. — The effeds of the fame fails at a maximum 
are nearly, but fomewhat lefs than, as the cubes of the velo- 
city of the wind. 

Maxim 4. — The load of the fame fails at the maximum 
is nearly a3 the fquares, and their effeds as the cubes of 
their number of turns in a given time. 

Maxim 5. — When fails are loaded, fo as to produce a 
maximum at a given velocity, and the velocity of the wind 
increafes, the load continuing the fame : ift, The increafe 
of effed, when the increafe of the velocity of the wind is 
fmall, will be nearly as the fquares of thofe velocities. 
2dlv, When the velocity of the wind is double, the effeds 
will be nearly as 10 to 27^. But, 3<lly, When the velo- 
cities compared are more than double of that where the 
given load produces a maximum, the effeds increafe nearly 
in the fimple ratio of the velocity of the wind. 

Maxim 6. — In fails where tne figure and pofitions are 
fimilar, and the velocity of the wind the fame, the number 
of turns in a given time will be reciprocally as the radius or 
length of the fail. 

Maxim 7.— The load at a maximum that fails of a fimilar 
figure and pofition will overcome, at a given diftance from 
the centre of motion, will be as the cube of the radius. 

Maxim 8. — The effeds of fails of fimilar figure and pofi- 
tion are as the fquare of the radius. 

Maxim 9. — The velocities of the extremities of the 
fails, in all their ufual pofitions, when unloaded, or even 
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loaded to a maximum, are confiderably quicker than the 
velocity of the wind. 

Rules for modelling the Sails of Wind* Mills. —Fig* 4. 
Plate II. Wind-Mill , is a front view of one of the four fails of 
a wind-mill. The letters of reference will ferve to explain 
the terms made ufe of in the following defcription. 

1. The length of the arm or whip A A, reckoned from 
the centre of the great (haft B, to the outermoft bar 19, 
governs all the reft. 

2. The breadth of the face of the whip A, next the 
centre, is one-thirtieth of the length of the whip ; its thick - 
nefs at the fame end is three- fourths of the breadth ; and 
the back-fide is made parallel to the face for half the length 
of the whip, or to the tenth bar ; the fmall end of the whip 
is fquare, and as its end is one-fixtieth of the length of the 
whip, or half the breadth at the great end* 

3. From the centre of the (haft B, to the neareft bar 1 
of the lattice, is one-fevcnth of the whip ; the remaining 
fpace of fix-fevenths of the whip is equally divided into 
nineteen fpaces, fo as to make nineteen bars ; one-ninth of 
one of thefe fpaces is equal to the mortifes for the bars, the 
tenons of which are made fquare where they enter and go 
through the whip, and confequently the mortifes muft be 
fquare alfo. 

4. To prepare the whip for mortifmg, ftrike a gage- 
fcore at about three -fourths of an inch from the face on each 
fide, and the gage-fcore, on the leading fide 4, 5, will give 
the face of all the bars on that fide ; but on the other fide, 
the faces of all the bars will fall deeper than the gage-fcore, 
according to a certain rule. To find the fpace to be fet off 
for this purpofe for each bar, conftruft a fcale in the fol- 
lowing manner. 

5. Extend the compaffes to any diftance at pleafurc, fo 
that fix times that extent may be greater than the breadth 
of the whip at the feventh bar ; fet thofe fix fpaces off upon 
a ftraight line for a bafe, at the end of which raife a per- 
pendicular ; fet off three fpaces upon the perpendicular, and 
divide the two fpaces that are larthcft from the bafe line 
into fix equal parts each, fo that this quantity of two fpaces 
may be equally divided into twelve lpaces marked out by 
thirteen points ; from each of thefe points draw a line to 
the oppofite end of the bafe, as fo many rays to a centre, 
and the fcale is finiftied. 

6. To apply this fcale to any given cafe, fet off the 
breadth of the whip at the laft bar, (that is, the bar at the 
extremity of the fail, ) from the centre of the fcale along 
the bafe towards the perpendicular ; and at this point raile 
a perpendicular to cut the ray neareft to the bafe ; alfo fet off 
the breadth of the whip at the feventh bar in the fame man- 
ner, and at this point ereft another perpendicular to cut the 
thirteenth radius. From the interferon of the perpendicular 
(drawn upon the breadth of the laft bar) with the firft of 
the thirteen radii, to the interfeftion of the other perpendicular 
with the thirteenth radius, draw an oblique line cutting all 
the reft, and the diftances of each of thefe laft-mentioned 
points of interfeftion from the bafe line is the fpace which 
the face of each bar is diftant from the gage-line on the 
driving fide. 

7. Thefe diftances give a different fet-off for each bar 
till the feventh, which fame muft be fet off for all the reft 
to the firft. 

8. The mortifes muft be fquare to the leading fide of the 
whip. 

9. When the mortifes are cut, let the face of the wjiip 
be (loped off fo as to agree with the face of the bars in 
every part. 
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10. Two-fifths of the whip are the length of the laft or 
longed bar. 

11. Five-eighths of the longed bar muft be on the driv- 
ing fide of the whip, and three-eighths on the leading fide, 
each being reckoned from the middle of the whip. 

12. The proportion of the mortifes already given deter- 
mines the (ize of the bars at the mortifes, but their thick- 
nefs muft be diminifhed each way, fo as to be only one-half 
at the ends ; but the face muft be kept of equal breadth all 
the way. 

13. The leading fide goes no farther than the fourth bar, 
and there only projects one-third of the projeftion of the 
laft bar. 

14. All the bars on the driving fide are made hollowing 
in the arch of a circle, which begins to fpring one-third of 
the length of the bars on the driving fide from the whip ; 
and the fweep is fucb, that if a ftraight line is applied to 
the face of the bar from the whip to the end, the face of 
the bar (hould leave the ftraight line about the breadth of 
the bar. 

1 j. There ought to be three uplongs, as 3, 2, 10, Jig. 4, 
to the driving, and two to the leading fide, as at 5, 4, to 
ftrengthen the lattice. 

Self -regulating wind-mills are thofe which adapt them- 
felves to the irregularities of the wind, by diminiftnng or in- 
creafing the furface on which the wind can aft to turn them 
round. If the wind increafes in force, the furface expofed 
to its aftion is diminifhed ; on the contrary, if it decreafes 
in force, the furface will be increafed in the fame pro- 
portion, fo as in fome meafure to render their motion 
uniform. 

The following felf-regulating wind-mill is ftated as the 
invention of Mr. Andrew Mickle in 1772, the inventor of the 
threfhing-machine. The length of the fail was divided into 
eleven compartments, by the bars forming a number of oblong 
openings, which were each filled up by a fquare frame of 
wood covered with canvas, and mounted on pivots at their 
ends ; one pivot turning in a hole in the whip, and the other 
in the bar which lies parallel to it, in the manner of a Venetian 
blind : the pivots were not placed in the middle of the breadth 
of the frames, but at one-third from that edge, towards the 
(haft or axis of the fails. On the end of each pivot which 
enters the whip a fmall roller is fixed, round which a chain 
paffes, and its end is attached to a fteel fpring, placed at 
right angles to the whip, and m the direftion of the length 
of the canvaffed frames. Now, r the wind blows too hard, 
it afts to turn the frames edgeways, in which cafe the wind 
paffes through the fails, and exerts lefs force to turn them 
round ; but as foon as the wind becomes moderate, the fteel 
fpring brings up the frames into a plane, prefenting their 
whole furface to its aftion. A rod of iron extends the 
whole length of the whip; and is connefted with the feveral 
fprings, to afford the means of (lengthening or dimini (hing 
their aftion, according to the feafon of the year. This rod 
was formed into a ferew at its outer extremity, and a nut 
put on to enable the miller to adjull the ftrength of the 
fprings conveniently, from the circular gallery furrounding 
the outfide of the mill. 

Mr. William Cubit of North Waltham, in the county of 
Norfolk, took out a patent, in 1807, for a method of 
equalizing the motion of wind-mill fails. It is fimilar to 
Mr. Mickle’s, in the fails being made like a Venetian 
blind ; but inftead of the fprings, he applied racks and 
pinions on the ends of the blind pivots, and a Hiding rod, 
which paffed in a fmall hole made through the length of the 
axis of the fails $ the end of this rod within the mill was 
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made into a rack, working in a wlieel upon which a weight 
was hung. By this means, when the wind blows too hard, 
the blinds turn upon their pivots, and by the racks draw out 
the rod which pafTes through the axis, and raife the weight ; 
but as foon as the wind abates, the weight brings the blinds 
to their former pofition. 

A patent was granted in i8oa to Mr. John By water of 
Nottingham, for a method of clothing and unclothing the 
fails of wind-mills while in motion. The invention confifla 
in a manner of rolling or folding up, and unfolding again, 
the cloths of common wind-mill fails while in motion. It 
is effected by placing a long roller in the direftion of the 
length of the whip round which the cloth is rolled ; the 
inner end of the roller is furnifhed with a pinion, which 
engages in the teeth of a circular ring of cogs fixed to the 
(haft-head, clofe behind the back-flocks, with the liberty of 
turning round independent of the fhaft. Another roller is 
placed at the back -fide cf the fail, f round which feveral 
cords pafs, and are conveyed over pulleys at the edge of 
the fail, and then made fail to the cloth at different diflances 
along it6 length. The objeft of this fecond roller is to 
clothe the fail, in the fame manner as the firfl -mentioned roller 
unclothed it. The inner end of the back roller is furnifhed 
with a bevelled pinion, which aft3 in the teeth of a ring of 
cogs placed concentric with the one before deferibed, which 
has alfo the liberty of turning round independent of the 
(haft. Suppofe the fails to be completely clothed, and 
turning round by the wind, the two rings of cogs revolve 
with tne axis, and therefore produce no effeft on the 
pinions ; but if the wind blows too violent, and it becomes 
neceffary to partly unclothe the fails, the miller pulls a cord 
which is connefted with a lever in the head of the mill. 
This lever comes in contaft with a projeftion on the ring 
of cogs belonging to the rollers, upon which the cloth winds. 
Now it is evident, that if the ring of cogs is held fall, and 
the fails continue to revolve, it will caufe the pinions to 
turn round and roll up the cloth upon the rollers ; on the 
contrary, if the wind tails, the fails will require to be more 
clothed, which is effefted by the fame lever being moved 
farther, fo as to quit the ring of cogs it held before, and 
hold the other falx, which will put the rollers at the back of 
the fails in motion, and by winding the cords upon them, 
draw the cloth off the fail-roller, which increafes the furface 
for the wind to aft upon. We have not entered into the 
minute details of this invention, as given in the patent, for 
it would have exceeded our limits, but only given a fuffi- 
cient defeription to enable a perfon to underftand the means 
of effefting the regulation. 

Horizontal Wind-Mills, — Thefe are of various kinds ; 
but only one kind that we know of has been put to any 
valuable ufe. 

Horizontal wind-mills were a favourite {peculation a cen- 
tury ago 5 and the Theatruniof the celebrated Leopold con- 
tain a great variety, but they are all upon one or other of 
two principles. In one of thefe, a very large wheel, like a 
water-wheel, is mounted with its axis in a perpendicular 
direftion. It confids of feveral circular wheels fixed upon 
the axis ; and it has large hoards or vanes fixed parallel 
to its axis, and arranged at equal diflances round the cir- 
cular wheels. Upon thefe vanes the wind can aft to blow 
the wheel round ; but if the wind were to aft upon the 
vaties at both fides of the wheel at once, it would have no 
tendency to turn the wheel round ; hence one fide of the 
wheel muft be (heltered from the wind, whilfl the other is 
fubmitted to its full aftion. For this purpofe, the whole 
wheel is inclofed within a large cylindrical framing of wood, 
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which is furnifhed with doors or (hutters on all Tides to open 
at pleafure, and admit the wind, or to (hut and flop it. If 
all the (butters on one fide are open, whilft all thole on the 
oppofite fide are fhut, the wind, afting with undiminifhed 
force on the vanes at one fide, whild the oppofite vanes are 
under (belter, turns the mill round ; but whenever the wind 
changes, the difpofition of the open vanes mud be altered, 
to admit the wind to ftrike upon the vanes of the wheel in 
the direftion of a tangent to the circle in which the vanes 
move. A horizontal wind-mill is thus deferibed in Leopold's 
Theatrum Machinarum for grinding corn with one pair of 
floncs. A ftrong upright axis is fo poifed on a pivot at 
the lower ends, and fuftained in a collar or bearing, as to 
turn round. Into this feveral long arms are fixed, in the 
manner of radii, and at the extreme ends of each arm a 
vane is fixed, to receive the aftion of the wind. Thefe 
vanes are made of two or more moveable leaves, which 
clofe up flat like a book, when they are at that fide of the 
circle which moves in a direftion to advance towards the 
wind ; fo that only the edges of the boards are oppofed to 
the wind ; but when thefe vanes arrive at the oppofite fide 
of the wlieel, fo that the wind blows upon them, the leaves 
fly open, and expofe their full furfaces to the wind, and 
receive the impulfe thereof. 

A horizontal wind-mill is deferibed by Dr. Hooke in the 
Philofophical Colleftions for 1 68 1 - It confided of four 
vanes mounted upon vertical axes, and arranged round in a 
circle by the upper and lower pivots of the vanes being 
received into holes in the rims of two horizontal wheels 
fixed upon the fame vertical fhaft. The vanes were dif- 
pofed in fuch a manner, that on one fide of the wheel each 
vane prefented its furface to the wind, whilfl the one on the 
oppofite flood edgeways, fo as to move through the air 
without much refi dance. This was effefted hy cog-wheels 
placed on the lower pivots of the vanes, and fo arranged, 
that as one vane turned round upon its pivots, the whole 
number moved together, and the motion was given to them 
by a cog-wheel fixed fad to the framing over the wheel, 
but concentric with it. This wheel communicated, by 
means of an intermediate wheel, with the wheels on the 
axes of the vanes. 

The aftion of this machine is as follows : — Suppofe 
the wind blowing at the wheel ; it afts againd that vane 
which is at right angles to its motion, to turn the wheel 
round upon its axis. The oppofite vane prefenting its edge 
to the wind oppofes very little refidancc. The motion of 
the wheel upon its axis turns the vanes round upon their 
pivots, by means of the fixed cog-wheel before deferibed ; 
fo that by the time that one has paffed out of the di- 
reftion of the wind, another arrives in the fame perpen- 
dicular pofition ; and when the wheel has made half a 
revolution, the vane which dood edgeways will be perpen- 
dicular to the wind, and the one which before dood per- 
pendicular will be edgeways ; thus a continued motion is 
produced without the wheel being cafed up. 

Horizontal wind-mills, which are inclofed in a houfe with 
blinds on all fides, are very fully deferibed in Jacob Leo- 
pold’s Theatrum Machinarum, 1724; but we believe they 
were fird praftifed in this country by captain Hooper, 
who erefted one at Margate, and another at Batterfea. 
The latter is upon a very large fcale, and is ufed for 
grinding corn ; but at prelent it does not work with much 
advantage, as the repairs are more confiderable in propor- 
tion to the power it exerts, than in the mills with fails con- 
ftrufted in the common manner. 

In Plate Wind- Mill* jig. 1, is an upright feftion, and jig . 2. 
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a plan of the horizontal mill erefted at Margate by captain 
Hooper. H H are the fide walls of an oftagonal building 
widen contains the machinery. Thefe walls are furmounted 
by a ftrong timber-framing G G, of the fame form as the 
buildiagi and connected at top by crofs-framing to fupport 
the roof, and alfo the upper pivot of the main vertical (haft 
A A, which has three fets of arms, BB, CC, and DD, 
framed upon it at that part which rifes above the height of 
the vails. The arms are ftrengthened and fupported by 
diagonal braces, and their extremities are bolted to ofta- 
gonal wooden frames, rofend which the vanes or floats £ £ 
are fixed, as feen in outline in fig . 2, fo as to form a large 
wheel refembling a water-wheel, which is lefs than the fize 
of the loufe by about eighteen inches all round. This, 
{pace is occupied by a number of vertical boards or blinds 
F F, turning on pivots at top and bottom, and placed 
oblique, fo as to overlap each other, and completely (hut 
out the wind, and (top the mill, by forming a clofe cafe 
furrourding the wheel ; but they can be moved all together 
upon their pivots to allow the wind to blow in the direc- 
tion of a tangent upon the vanes on one fide of the wheel, at 
the time the other fide is completely (haded or defended by 
the boarding. The pofition of the blinds is clearly (hewn at 
F F,/ij. a. At the lower end of the vertical (haft A A, a 
large lpur-wheel a a is fixed, which gives motion to a 
pinion r, upon a fmall vertical axis J, whofe upper pivot 
turns in a bearing bolted to a girder of the floor N. 
Above the pinion c , a fpur-wheel e is placed, to give motion 
to two fmall pinions /, on the upper ends of the fpindles g 
of the mill-ftones h, Another pinion is fituated, at the op- 
pofite fide of the great fpur-wheel a a, to give motion to a 
third pair of mill-ftones, which are ufed when the wind is very 
ftrong ; and then the wheel turns fo quick, as not to need 
the extra wheel e to give the reauifite velocity to the ftones. 
The weight of the main vertical (haft is borne by a ftrong 
timber A, having a brafs box placed on it to receive the 
lower pivot of the (haft. It is fupported at its ends by 
crofs-beams mortifed into the upright pofts bb f as (hewn in 
the plan, fig* 2. A floor, or roof, 1 1 , is thrown acrofs the 
top of the brick building, to proteft the machinery from 
the weather ; and to prevent the rain blowing down the 
opening through which the (haft defeends, a broad cir- 
cular hoop K is fixed to the floor, and is furrounded by 
another hoop or cafe L, which is fixed to the arms D D of 
the wheel. This laft is of fuch a fize, as exaftly to go 
over the hoop K, without touching it when the wheel turns 
round. By this means, the rain is completely excluded 
from the upper room M, which ferves as a granary, 
being fitted up with bins m m, to contain the different forts 
of grain which is raifed up by the fack-tackle. A wheel i 
is fixed on the main (haft, having cogs projefting from 
both fides. Thofe at the under fide work into a pinion 
on the end of the roller i, which is for the purpofe of draw- 
ing up facks. Another pinion is fituated above the wheel i, 
which has a roller projefting out over the flap-doors feen 
at in the fig, 2, to land the facks upon. The two pinions 

h are turned by the great wheel a a, and are for 
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giving motion to the dreifing and bolting machines, which 
are placed upon the floor N, but are not (hewn in the 
drawing, being exaftly fimilar to the drefling-machines ufed 
in ail flour-mills. The cogs upon the great wheel a are not 
fo broad as the rim itfelf, leaving a plain rim about three 
inches broad. This is encompaffed by a broad iron hoop, 
which is made fail at one end to the upright poft b \ the 
other being jointed to a ftrong lever 0, to the extreme end 
of which a purchafe 0 is attached, and the fall is made faft 
to iron pins on the top of a frame fixed to the ground. 
This apparatus anfwers the purpofe of the brake or gripe 
ufed in common wind-mills to flop their motion. By pull- 
ing the fall of the purchafe o f it caufcs the iron ftrap to 
embrace the great wheel, and produce a refiftance fufficient 
to flop the wheel. The mill can be regulated in its motion, 
or ftopt entirely, by opening or (hutting the blinds F, 
which furround the fan-wheel. They are all moved at 
once by a circular ring of wood fituated juft beneath the 
lower ends of the blinds upon the floor 1 1 , being connefted 
with each blind by a (hort iron link. The ring is moved 
round by a rack and fpindle, which defeend into the mill- 
room below, for the convenience of the miller. 

A fort of wind-mill has been long much employed in 
Portugal, in which, from the difference in the conftruftion 
of the fails, it is fuppofed by fome, as lord Somerville, 
who has infpefted it when working, to poffefs a fuperiority 
in having the broad part of the fail at the end of the levers 
or booms; in conlequence of which equal refiftance is 
overcome with lefs length of branches : and that from this 
(hortnefs a confiderable faving is made in the timber of 
both the booms and fpindles, as well as in the height, firft 
coft of the mills, and their future repairs. 

The advantages of making ufe of thefe forts of 
wind-mills in preference to others are, that as there are 
four booms, as well as four mafts for the fails, they are 
capable of being more eafily braced out to the wind, and in 
caleof a fudden gale or guft of it, are more eafily call loofe 
than in thofe of the common conftruftion ; and that as 
the fails in thefe mills are placed in the beft pofliblt direc- 
tion by the booms, it is prefumed that a wind-mill built on 
this plan and principle will do more work than any common 
wind-mill with an eaual quantity of canvafs. 

Thefe forts of mills have alfo lately been very much im- 
proved by conftrufting and difpofing thofe furface parts 
upon which the wind is intended to aft, in fuch a particular 
manner, as that by alternately oppofing a refilling and non- 
refitting furface, the whole force or impulfe may operate in 
a direft manner upon the refitting fide of the (ail or vane, 
in proportion to its extent ; and that when the non-refifting 
fide is returning againft thefe powers, the mill being fo 
contrived that there is very little refiftance, however large 
the furface. Thefe improvements, when applied to hori- 
zontal wind-mills, the power of them, even with the fame 
quantity of fail, or afting furface, may too be increafed or 
diminilhed at pleafure, which is a circumftance of very 
great utility and convenience in many cafes. 
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WIRE, in the Mechanic Arts , is a very ufeful prepara- quired fize or fhape. 
tion of different metals, in form of a regular and even thread, Wire is made of any duftile metal, as platina, gold, filver, 
which can be obtained in very great lengths, and of any re- copper, brafs, zinc, iron, or fteel. The procefs of making 
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wire coniifts in drawing the piece of metal through a hole 
in a plate of Heel, by which means the metal is rendered of 
an equal fize, and either round or of any other figure cor* 
refponding with the figure of the hole in the draw-plate ; 
the metal is thus reduced in fize, and at the fame time is 
lengthened in proportion. From the great regularity of 
wire, and from its toughnefs and du&ility, it is extremely 
ufeful to all artifts who work in metal. 

The operation is called wire-drawing, and the plate of 
fteel a draw-plate. The machine by which the wire is drawn 
is called a draw-bench. 

The common draw -bench is of a fimple ftru&ure, A ftrong 
plank of wood is fixed on legs, like a flool or bench, Jig. i. 
Plate Wire. At one end is a roller or axis, A, fixed in an 
horizontal pofition, fo that it can be turned round by means 
of four levers, B B, fixed like radii on the end of the axis of 
the roller. If the refiftance is great, the workman applies 
both his hands and his feet to the levers, to turn them round 
in the fame manner as for a rolling-prefs. It is ufual to 
have a ftrong ftrap, or chain, C, to wrap and wind up round 
the roller ; and at the end of it a pair of pincers, D, are 
linked: thefe take hold of the end of the piece of metal, and 
draw it through the hole in the draw-plate E, which is 
lodged againft two ftrong iron pins, a a, fixed in the bench, 
and (landing up perpendicularly, fo that the plate bears 
againft them. 

The pincers are (hewn in Jig . 2. They are adapted to bite 
the end of the wire ; and the infide of the jaws, d d , are cut 
with teeth like a file, that they may hold the metal very 
tight. The oppolite ends of the handles are bent in form 
of hooks at e e ; and a triangular link of iron f> which is 
faftened to the end of the ftrap or chain C, embraces both 
hooks e e , and from its triangular figure, it tends to approach 
the two hooks at the ends of the tongs together : by thefe 
means, the ft rain of drawing the wire clofes the pincers, and 
makes them bite more forcibly in proportion as the wire 
makes a greater refiftance, fo that they rarely let the wire 
flip. 

The draw -plate, Jigs. 3 and 4, is a thick plate of fteel, with 
holes made through it of various fizes, and in a regular grada- 
tion from the largeft to the fmalleft. The holes are made large 
on that fide where the wire enters, and they diminifh with a 
regular taper to the other fide ; the goodnefs of the draw-plate 
is an obje& of the firft importance. The different holes muft 
diminifh by very fmall gradations, or there will be danger of 
breaking tne wire by forcing it too much at once. 

In fome draw-benches a rack and pinion are employed, in- 
flead of a ftrap or chain ; and a train of wheel-work may be 
ufed like that of a crane to obtain a fufficient power. ( See 
Jig. 5. ) If the workman turns the machine by a winch 
or handle, it is preferable to four levers, becaufe the motion 
is more regular ; this is of importance for fome purpofes. 
Suppofe a piece of elaftic metal is forcibly drawn through 
a hole in a plate with a tolerably quick motion, it will be 
compreffed at the moment of palling through the hole; but 
after it quits the hole, the metal will expand a little. When 
it is drawn very (lowly, this effe£t will not take place ; for if 
the comprefiion is continued long enough it becomes per- 
manent : hence, if a piece of large wire be drawn with an 
irregular motion, firft quicker, and then (lower, it will be 
fenfibly larger at all the parts which pafs quickly through 
the hole, and fmaller where it is drawn (lowly : if the 
motion is fufpended for a few feconds, that part of the wire 
which remains in the hole will have a ring or indentation 
round it. This is moft obvious in drawing hollow tubes, or 
copper-wire, which is plated over with gold or filver. 

In the machine which is ufed for drawing ftrong pieces 


of metal, and for the very largeft, the roller is ufually 
placed in a vertical pofition, like a capftan, with four levers, 
at which feveral men pufh, whilft they walk round in a 
circle to turn the capftan, and wind up the chain which 
draws the wire through the draw-plate. 

A powerful machine of this kind is described in our 
article Pipes, for drawing lead-pipe through a fteel plate. 

We have feen a very powerful wire-drawing, machine 
ufed for forming large hollow tubes of brafs or copper, on 
which the power to draw the tube was obtained by a ferew, 
like that of a prefs. This ferew was turned by a train of 
wheel-work, with a fly-wheel to regulate the motion. 

Another plan, which is perhaps the beft mode for a very 
powerful drawing-machine, is to apply the force of the 
hydroftatic machine originally invented by Pafcal, and re- 
vived by the late Mr. Bramah. ( See Machine, and Press. ) 
By this means, very large wires for pifton-rods of fleam- 
engines, and other fimilar pieces, may be rendered ftraight 
and true with little expence. 

All thefe machines are confined to draw pieces of metal, 
which are only a few feet in length, that is, the length of 
the bench. But when the metal by repeated drawing 
becomes lengthened into a regular wire, if it is required to 
reduce it to a (till fmaller fize, it muft be drawn through 
fucceeding plates, by wrapping the wire itfelf upon the roller 
or barrel, in Head of employing a long chain. This method is 
not applicable at firft, becaule a thick bar of iron could not 
be made to bend eaftly round a roller ; but when the wire 
becomes fmall and flexible, it can be pra&ifed very advan- 
tageoufly, and admits of drawing a very great length of 
wire by a fmall and commodious machine. 

The common wire-mills ufed in France do not, however, 
employ a roller or windlafs, but the pincers are attached to 
a lever, which draws them backwards and forwards alter- 
nately by the power of the water-wheel. 

The pincers are fo conftru&ed, that the jaws open when 
they move towards the draw-plate, and releafe themfelves 
from the wire ; but when the pincers are drawn back from 
the draw-plate, the link caufes the pincers to clofe and bite 
the wire with fuch force, that they will draw it through the 
plate. 

A machine of this kind is fliewn in Jig. 7. of the plate. 
The bafe of the machine is a very ftrong log of timber R ; 
one end of it is cut open to receive a wooden lever A B, 
which moves round an iron pin or bolt «, as a centre of 
motion ; this lever is (haped like the letter L. To the 
upright arm A of this lever, an iron link C is jointed, and 
the other end of this link is formed like a ring, to receive 
the handles of the pincers D. The pincers are fupported 
upon a plate of iron d , which is placed in an inclined pofi- 
tion, and there is a groove in the plate, into which the end 
of the pin or joint of the pincers is received, and they are 
by that means guided in their motion backwards and for- 
wards : a a are the pins which fupport the draw-plate E ; 
there are four of them, and the plate is faftened between 
them by wedges. 

The end B of the lever is operated upon by cogs fixed on 
the axis of the water-wheel, which, as it turns round, de- 
preffes the end B of the lever ; and the end A pulls the 
incers back, and draws the wire through the draw-plate ; 
ut when the cogs quit the end of the lever, it is returned 
by means of a rope faftened to the end of B, and going up 
to a ftrong wooden pole fixed on the roof of the building 5 
and it afts as a fpring. When the pincers return, they 
open to releafe the wire, and Hide down the inclined plate d 
by their own weight, till they are near the draw-plate j the 
wire being all the time included between the jaws, though 
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they do not bite. The next cog which feizes the end of 
the lever draws back the pincers, which immediately clofe 
upon the wire, and draw it hrough the plate. 

A wire-mill ufually contains three fuch machines of 
different fizes : the largeft only draws two inches of the 
wire at each ftroke, and makes *!;out forty eight ftrokes in 
a minute ; the fecond machine, four inches ; and the third, 
five inches. This works quicker than the other two, and 
makes fixty-four ftrokes per minute. This is a fimple 
machine, but very defe&ive, for much time is loll in the re- 
turning of the pincers ; they fometimes fail to take good hold 
of the wire, and they always make deep marks upon the 
wire at every place where they bite, which are not more 
than two inches diftance in the great wire, and five inches in 
the fmaller. 

Fine wire is always made from large wire, by reducing it 
and lengthening it out by repeated drawings. The large 
wire is ufually manufa&ured at the wire-mills in the country, 
and fomc part of it is reduced to fmall wire at the fame 
eftablifiiments, but more commonly the large wire is bought 
by thofe who have occafion for it, and they reduce it by 
drawing until it becomes as fmall as it is wanted. 

The hand*machinc for this purpofe, reprefented in Jig, 8, 
is extremely fimple. A is the roller on which the wire is 
wound up ; it turns round upon a vertical pin* fixed in the 
bench R, and to the upper end a handle B is fixed, for the 
workman to turn it round ; E is the draw-plate, and a a the 
pins againft which it refts. The wire which is to be drawn 
is put upon a fmall circular reel F, which turns round upon 
a vertical pin ; this pin is fometimes fixed in the table, or 
otherwife in a fmall calk containing ftarch-water, or beer 
which has become acid. The ufe of this i9 to loofen the 
oxyd from the furface of the wire, for it is neceffary to 
anneal or foften the wire very frequently, by putting it in 
the fire, and this produces a black coat of oxyd on the 
furface, which will be removed when the wire is again drawn 
through the plate, and the wire will come out bright and 
clean. The removal of this oxyd will be facilitated by 
fome (lightly corrofive menftruum. 

Fig, 9. is a very fimple and complete wire-drawing 
machine, to draw three wires at once. A R are two rollers 
or barrels with cog-wheeh, T V, on the ends of their axis, 
which wheels are engaged together. S is a pinion, which 
is turned round by means of a handle B, and gives motion 
to the wheels T V. Botli thefe wheels are fitted upon 
round parts of the axis of their refpe&ive rollers, fo as to 
(lip or turn freely round upon the fame ; but a fquare is 
formed on the axis outfide of the wheel, and a clutch or 
catch, t or v, is fitted on this fquare part, fo as to turn 
always round with the axis. The catch is at liberty to*flide 
upon the axis in the direction of its length, by means of a 
lever W, which operates upon both catches at once. When 
either of them is pufhed back in contadl with the wheel, it 
intercepts two ftuds which project from the face of the 
wheel, and then compels the axis and roller to turn round 
with the wheel ; but when the catch is drawn away from 
the wheel, then the wheel will lisp round upon its axis, 
without communicating any motion. By means of the 
lever W, only one wheel can be engaged at once, and the 
other mult be free. The draw-plate E is firmly fixed 
between the two rollers, and it has a great many holes ; the 
rollers are long enough to receive three wires at the fame 
time. Each roller has a groove in it parallel to the axis, 
into which a bar of metal is fitted, and will exactly fill it 
up. When the wbes are introduced through the holes in 
tne plate, the ends are laid acrofs this groove ; the bar is 
then put in and failened by a fimple contrivance, and it 
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fallens the ends of the wires beneath it, fo that they become 
attached to the roller ; then by turning the handle B round, 
the two wheels are put in motion in contrary directions ; and 
that wheel which is connected with its axle by its catch, 
will turn its barrel round, and wind up the wires fo as to 
draw them through the plate E. The other roller being at 
the fame time detached, its wheel is at liberty to turn round 
in a contrary direction to the wheel, as fall as the wires are 
drawn off from it. When the whole length of the wires 
has been drawn through the pla*.e, they are detached from 
the roller, the ends introduced through fmaller holes in the 
plate, and failened again to the roller; then the lever W is 
fhifted, to difengage that wheel which operated before, and 
engage the other. This being done, the rollers will be 
turned in an oppofite diredion, and will wind back the 
wires, although the handle B is turned the fame way round. 

After the wire has been then drawn three or four times, 
the metal becomes fo hard and fibrous, that it would not 
draw any more without breaking ; it therefore requires to be 
heated in the fire to reftorc its ouCtility ; for this purpofe it 
mull be taken off the barrels. A roller M is provided to 
wind the wire upon and draw it off from the barrel ; this 
roller is turned round by a handle m, fixed on the extremity 
of its axis ; and the wire which is wound upon it in a coil is 
flipped off fideways. This machine is well adapted to be 
worked by a mil!, becaufe the handle may always be turned 
the fame way. 

Fig, 10. reprefents the machine ufed at the wire-mills 
for reducing the wire which is to be ufed for mufical inftru- 
ments, or for making cards for wool and cotton. The 
rollers A are fituated in a vertical pofition, being fitted on 
the tops of iron fpindles, which are fuftained in a vertical 
pofition by bearings in the frame of the table or bench. 
Thefe fpindles are kept in continual motion by wheel- 
work fituated beneath the bench, but the fpindles are 
round, fo that the rollers A are not turned with the fpindles, 
unlefs any one of the rollers is lifted up upon the fpindle. 
A crofs-bar, which is fixed on the top of the fpindle, then 
engages with two projc&ing knobs fixed in the roller, 
within a hollow reccfs made at the top of it, and turns the 
roller round. The draw-plate E is fupported by two 
pins, as before deferibed ; and the wire which is to be 
drawn is wound on a reel, which is put into a calk of Hale- 
beer grounds, or llarch-water. The end of the wire, 
which is put through the draw-plate, is made fall to the 
roller, which does not turn round as long as it is dropped 
down upon the fpindle ; but when all is ready to begin 
drawing, the roller mull be lifted up, and the clutch at the 
top of the fpindle will engage with the two knobs within 
the hollow at the top of the roller. This puts it in motion, 
and draws the wire through the draw-plate. The drain of 
drawing is fufficient to keep the roller up upon the fpindle ; 
but as foon as the whole of the wire is drawn through the 
plate, the refillance ceafes, and the roller drops down on its 
fpindle, and becomes difengaged until the workman puts it 
again in adtion. 

Manufatlure of Iron Wire , — Iron is a very duftile metal, 
but requires a careful treatment in the procefs of wire- 
drawing, becaufe it becomes very hard and brittle when the 
fibres are greatly compreffed by repeated drawing. Its 
dudlihty mull then be reftored by heating the wire to red- 
nefs ; this is called annealing : it renders the wire foft, and 
it will then draw finer and longer ; but it will foon require 
annealing again, and fo on. 

The iron which is felefted for wire-drawing mull be of 
good quality, to bear the requifite extenfion without break- 
ing. It mu ft be of an uniform fubilance, without any grains 
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of hard or foft parts. The fofteft iron is not always found 
the beft, as it will diminifti by the ftrain of drawing it 
through the holes alone : and to obviate this, the workman 
mult draw fuch iron through a greater number of holes to 
obtain the required extenfion. 

The iron is wrought at the tilt* mills from fquare bars 
into round rods of a proper fize to commence drawing. 
The operation of tilting is nearly the fame as tilting of fleet. 
(See that article.) The tilt-hammer for a wire-work 
generally makes twenty ftrokes per minute, and weighs 
about fifty pounds. There is alfo a larger hammer worked 
by the fame mill, which ilrikes about 130 times per minute, 
and weighs 100 pounds. This hammer is only ufed for the 
firil preparation of the iron, or for welding a faggot of 
fmali bars together, in order to give the iron a better 
quality by a preparation fimilar to the German ft eel. To 
draw out the iron bars into rods of a proper fize to begin 
drawing, the workman heats fix or eight inches of the end 
of a large bar, which comes from the great forge where the 
iron is made, and when properly heated he works it regu- 
larly under the fmali tilt, until it is drawn out to a fmali 
and regular round rod of five or fix feet in length. A 
good workman can thus draw out two hundred weight of 
iron in a day, or an ordinary workman one and a half 
hundred weight. The lofs of metal in the operation is near 
26 per cent . by weight. 

The fmali rod, before it is cold, is taken by another 
workman, who ftraightens the rod with a hammer upon an 
anvil, then cuts it off, and places the end of the great bar 
again in the forge. This fame workman alfo fuperintends 
the heating of the iron, and muft be very careful not to 
overheat it, but to heat the whole regularly. 

It is a good pra&ice to pafs the iron-rod through a pair 
of grooved rollers, the grooves of the two rollers being 
oppofite, fo as to form a round between them. By thele 
means, the iron may be reduced fmali, and rendered very 
true, previoufly to beginning the drawing. For common 
wire, the whole reduction may be done by the rolling-mill 
without a tilt 5 but the hammer will give a more tenacious 
quality to the iron than can be obtained by rolling. 

A lmall round bar, thus prepared, muft be drawn through 
a hole in a draw-plate, by a ftrong machine with a chain, 
or elfe by the lever-machine, fig. 7. The end of the iron 
is firft reduced, fo that it will enter the hole in the draw- 


plate, and pafs through fufficiently for the pincers to take 
hold. This is don# at the forge by a hammer and anvil. 
By pafling through the plate the wire becomes lengthened, 
in proportion as it is diminiftied in fize. It muft then be 
annealed to foften it, the end pointed anew, and again put 
through a fmaller hole. 

The workman who attends the procefs muft ftudy the 
nature of the iron, and regulate the manner of drawing ac- 
cordingly. This he does by altering the figure of the hole 
through which the wire is drawn. The hole muft be conical ; 
the fmalleft part, being that which ads principally on the 
metal, muft be at that fide of the plate where the wire 
comes through. If the taper of the hole is not properly 
proportioned, the iron will be ftrained in drawing 5 for 
though the machine will force it through, grains of harder 
metal than the reft of the wire will form themfeWes, which 
will occafion the wire to break when it comes to be much 
reduced. This is particularly the cafe in foft iron. To 
avoid this, the hole muft be chofen very little fmaller than 
the iron, and muft be made with a regular taper. It muft 
be well fupplied with greafe, to diminifh as much as pof- 
fible the m&ion $ ana the motion of the draught mult be 
regulated according as the metal will bear it. 

Vo l. xxxvin. 


Much depends upon the quality of the draw-plate ; al- 
though the metal of the plate is fufficiently hard to draw 
the wire, it will not relift the blow of a hard fteel hammer 
and punch. The punch is driven into the hole from be- 
hind, until it enlarges it to the required fize and figure. In 
the operation of drawing, the hole becomes gradually en- 
larged, and that in a greater degree at the fmalleft end of 
the hole, fo that it becomes nearer to a cylinder. To rectify 
this, the punch muft be applied, or the wire would not pals 
eafily ; that is, if the fame degree of reduction in the fize of 
the wire was attempted, it would break or ftrain the wire, 
if the hole was cylindrical, although it would pafs through 
a regular taper hole. The hole fometimes wears irregularly, 
and lofes its circular figure. In this cafe, the plate is ham- 
mered around the fmali end of the hole, and the hole is 
thereby reduced. The punch is then driven in, to enlarge 
it again to the required fize : fometimes the punch is intro- 
duced at the fmali end, and then at the large end, as it may 
be required to form the hole. In all cafes, the punch 
muft be driven very gently 5 and after every llroke of the 
hammer it muft be loofened in the hole, and turned round 
before another blow is ilruck, and without this precaution 
it would fix fall in the hole. 

The French draw-plates are the moft efteemed 5 and, 
in time of war, a good French draw-plate has been fold for 
its weight in filver. M. Du Hamel, in Les Arts et Metiers, 
yoI. xv. gives the following account of the procefs of making 
the draw-plates for the large iron-wire. 

A band of iron is forged of two inches broad and one 
inch thick. This is prepared at the great forge. About 
a foot in length is cut off, and heated to rednefs in a fire of 
charcoal. It is then beaten on one fide with a hammer, fo 
as to work all the furface into furrowB or grooves, in order 
that it may retain the fubftance called the potin, which is 
to be welded upon one fide of the iron, to form the hard 
matter on which the holes are to be pierced. This potin 
is nothing but fragments of old caft-iron pots ; but thofe 
pots which have been worn out by the continued a&ion of 
fire are not good : the fragments of a new pot which has 
not been on the fire are better. 

The workman breaks thefe pieceB of pots on his anvil, 
and mixes the pieces with charcoal of white wood. He 
puts this in the forge, and heats it till it is melted into a fort 
of pafte ; and to purify it he repeats the fuiion ten or twelve 
times, and each time he takes it with the tongs to dip it in 
water. M. Du Hamel fays, this is to render the matter 
more eafy to break into pieces. 

By thefe repeated fufions with charcoal, the caft iron is 
changed, and its qualities approach thofe of fteel, but far 
from becoming brittle 5 it will yield to the blows of the 
hammer and to the punch, which is ufed to enlarge the holes. 
The bar of iron which is to make the draw-plate is covered 
with a layer of pieces of the potin, or caft iron, thus pre- 
pared. It is applied on the fide which is furrowed, and 
ftiould occupy about half an inch in thicknefs. The whole 
is then wrapped up in a coarfe cloth, which has been dipped 
in clay and water mixed up as thick as cream, and is put 
into tne forge. The potin is more fufible than the forged 
iron, fo that it will melt. The plate is withdrawn from 
the fire occafion ally, and hammered very gently upon the 
potin, to weld and in fome meafure amalgamate it with the 
iron, which cannot be done at once ; but it muft be re- 
peatedly heated, and worked until the potin fixes to the 
iron. The workman then throws dry powdered clay upon 
it, in order, they fay, to foften the potin. 

The union being complete, the plate is again heated, and 
forged by two workmen, who draw out the plate of one 
3Z 
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foot to a length of two feet, and give it the form it is to 
have. It is well known that call iron cannot be worked 
at the forge without breaking under the hammer ; but in 
the prefent infiance, it is alloyed with the iron-bar, and is 
drawn out with it. It has alfo acquired new properties by 
the repeated fufions with charcoal. 

The holes are next pierced whilft the plate is hot. This 
is done with a well-pointed punch of German Reel, applied 
on that fide of the plate which is the iron-bar. It requires 
four heats in the fare to pierce the holes, and every turn a 
finer punch is employed, fo as to make a taper hole. The 
makers of draw-plates do not pierce the holes quite through, 
but leave it to the wire-drawers to do it themfelves when 
the plate » cold, with (harp punches, and then they open 
the hole to the fize they defire ; and although this potin is 
of a very hard fubftance, the fize of the hole may be re- 
duced by gentle blows with a hard hammer, on the flat fur- 
face of tne plate, round the hole. 

A great many holes are made in the fame plate ; and it 
is important that they fhould diminifh in fize by very im- 
perceptible gradations; fo that the workman can always 
choofe a hole fuitable for the wire he is to draw, without 
being obliged to reduce it too much at once. 

To afeertain the fize of the wire, gauges are ufed. They 
are commonly made of a piece of wire bent in zigzag, as 
(hewn in Jig, 1 1 ; and the fpace between every bend is of a 
different width ; but a better fort is made of a fteel-plate, 
with notches on the edge. (See Jig, 12. for the fiandards. ) 
Thefe fhould be hardened, that they may not be fubjed to 
wear. 

Fig . 13. is another kind of gauge, which is very accurate. 
It confifts of two firaight rules of Reel, put together at an 
angle. The diameter of the wire is indicated by the depth 
to which it will enter into the angle ; the edges of the 
rulers are divided into equal parts for that purpofe, and 
numbered, to correfpond with the different fizes of wire. 

The wire manufa&ory of Meffrs. Mouchel, fituated at 
PAigle, in the department de POrne, is one of the moR 
confiderable in France. It furniRies annually, in cards for 
wool- combing only, an hundred thoufand quintals of iron- 
wire, each ioolbs. A part of this is confumed in France, 
and the reR is exported to Portugal, Spain, Italy, and even 
to the fhores of the Levant. 

They employ the iron manufactured in the departments 
of POrne and La Haute Saom*, as being of the belt qua- 
lity. The firR produces the beR wire for making (crews, 
nails, and pins, as much on account of its hardnefs as its 
fine polifh, which refembles Reel- wire. In this refpeft, it is 
fuperior to the iron of Haute Saone, but from its du&ility 
the latter can now be made extremely fine, and it appears to 
be moR free from heterogeneous particles. 

The fmelted iron, prepared and hammered, being in a Rate 
nearly fit for their purpofe, is tranfported, at a fmall ex- 
pence, to PAigle, by the rivers and canals. They have a 
forge to reduce the Heel and iron of Normandy, which 
arrives in large pieces, into fmall and regular bars. 

When the iron is formed into an irregular bar of about 
a centimetre, near four-tenths of an inch in diameter, they 
begin to draw it into wire. Although it be already 
much extended by hammering, it is in the firR place paffed 
four times through the drawing-plate ; then its molecules 
become difpofed lengthways, and exhibit fibres at their 
utmoR extenfion. The fibres muft be removed by means 
of heat, which difperfes and divides them ; and after that 
the wire may again be reduced three numbers. The fibres 
which are re-produced by this operation are again removed 
by heat. The whole procefs is five times repeated ; confe- 


quently the wire is paffed through fifteen numbers ; aftei 
which, a Angle expofure to the fire is fufficient to fit it for 
paffing fix others, whereby it is reduced to the thicknefs of 
a knitting-needle. 

The Reel-wire, being much harder, requiresto be paffed 
through forty-four numbers, and to be annealed every other 
time. 

The machine which draws the Reel-wire muR go flower 
than that which draws the iron ; for the firft being very 
hard, and offering more refiRance to the drawing-plate, 
fhould be pulled out with more care, fince the quicknefs 
ought to be proportioned to the refiRance, and reciprocally ; 
and if they depart from this principle, the refults will vary. 
Thus, for example, the iron of the department de POrne, 
which is more compact than that produced at Haute Saone, 
if drawn by the fame machines, augments in hardnefs, and 
is weakened when it is brought to too great a degree of 
finenefs. But this iron, which is very hard, and capable of 
receiving a very high polifh, is to be preferred for certain 
ufes. 

In order to anneal the wire, they formerly employed a 
large and elevated furnace, with bars of caR iron to fupport 
the wire in the middle of the flames. It contains feven 
thoufand pounds weight, fo contrived as to contain equal 
portions of each number. They are fo arranged that the 
thickeR wires receive the RrongeR heat ; therefore, the whole 
is equally heated in the fame lpace of time. The operation 
laRs three hours with a fire well kept up, and it might be 
imagined that this apparatus was completely adapted to the 
purpofe ; but there are imperfections in this method, be- 
cauie it leaves the wire expofed to the contact of the at- 
mofpheric air, the oxygen of which feizes it with extreme 
avidity; whence a confiderable quantity of oxyd is occa- 
fioned, and alio an operation to free it from the feales, 
which confiRs of beating the bundles of wire with a wooden 
hammer wetted with water. 

NotwithRanding this precaution, there often remains a 
portion of oxyd adhering to the furface of the metal, which 
fireaks the draw-plate, or fixes on the wire, and gives it a 
tarnifhed appearance, and caufes it to break when it is 
brought to a great degree of finenefs. This furnace is only 
ufed for the Reel-wire, or the iron from POrne, which is 
lefs liable to change, and befides being harder is not fo 
ealily attacked by the oxygen. 

In order to diminifh the waRe that the fire occafions, 
they have contrived another procefs, which confiRs in dip- 
ping the bundles of wire into a bafin of wet clay before 
they put them into the furnace ; and they are left in the 
furnace to dry before the fire is lighted, without which pre- 
caution the clay would peel off from the iron. 

For making wire for cards, M. Mouchel invented another 
furnace. It is round, and about one metre fix decimetres in 
diameter, and one metre eight decimetres in height, without 
including its parabolic arch and the chimney above it. The 
interior 19 divided by horizontal grates into three Rories 5 the 
loweff receives the cinders, the fecond is the fire-place, and 
into the third or upper place they Aide a roleau of wire, weigh- 
ing one hundred and fifty kilogrammes, which is inclofed 
in a fpace comprifed between two cafi-iron cylinders, being 
luted to prevent the admilfion of air between them. The 
flames circulate about the outfide of the firR, and within 
the interior of the fecond, which defends the wire from at- 
mofpheric air. The diameter of the largeft cylinder is 
about one metre four decimetres, that of the fecond one 
metre. Thus the fpace comprifed between them is two de- 
cimetres, on an elevation of five decimetres. There muft 
be feveral pairs of cylinders provided ; becaufe whilft one 
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pair is in the Furnace another muft be prepared to receive a 
frefh roleau of wire. They are changed every hour by 
means of a long iron lever, with which a fingle man can 
eafilypufh them in and draw them out again, as the cylinder 
Aides on cad -iron rails. 

They are very careful not to open the cylinders imme- 
diately on their being drawn out of the fire ; for the roleaus 
of wire contained in them, being Hill red, would oxydate 
quite as much as if they had been heated in the midft of the 
flames without the lead precaution. 

The opening contrived for the paflage is on the fide, and 
has a door of cad iron, with a groove which winds round the 
furnace. The fire-place has one fomething fimilar to it. 
That of the afh-hole is vertical,' in order that it may be 
raifed to increafe the fire at will. 

When the iron-wire is reduced to the thicknefs of a 
knitting-needle, it is made up in bundles of 125 kilogrammes 
(275 pounds) each, into a large iron veflel, in order to anneal 
it fufficiently to be reduced for the lad time. This veflel is 
placed uplidc-down in the middle of a round furnace, which 
is fo conitru&ed as to fuflain burning coals all round it, and 
of which it confumes 35 kilogrammes ( 77 pounds ) before the 
operation is completed. The cover muft be carefully luted, 
as the flighted adtniflion of air is fufficient to burn the ex- 
ternal furfaces of the wire to an oxyd, which cannot after- 
wards be reduced. 

When one of thefc veflels is fufficiently heated, it is filled 
with water, containing three kilogrammes (fix pounds and a 
half) of tartar, and fufpended over the flames of the fur- 
nace to make it boil. This folution, without attacking the 
metal, frees it from the greafe and the little oxyd that ad- 
heres to it. This is the lad operation in which the wire is 
expofed to the fire ; and it is then in the proper date for 
being reduced to the utmofl degree of finenefs it is capable 
of fudaining, and will preferve enough of the effect of the 
annealing to require it no more. But when the natural 
hardnefs of the iron varies, this lad expofure to the fire 
fhould take place in proportion to its thicknefs. As Heel 
lofes its capacity of extenfion much fooner than iron, it is 
annealed until it is no thicker than a fe wing-needle. The 
fpace which is left in the veflel is filled up with charcoal- 
dull, which prevents it from lofing the quality of fleel, and 
preferves the heat long enough to give it the proper degree 
of pliancy. 

As Meflrs. Mouchel always ufe iron and deel of the fame 
manufactory, they have been able to reduce their operations 
to a general fydem ; and to attain this end, have determined 
a graduated fcale, by which the wire will not be more 
dretched in the drawing-plate in one number or fize than 
another. The following is the method they contrived, in 
order to form this fcale for the iron-wire. They take a 
certain quantity of various thickneffes, which has been 
drawn as fine as the iron would bear. The fm ailed fize is 
100,000 metres ( 109,333 yards) in length to the kilogramme, 
2.2 pounds avoirdupois. They note the weight that each 
might be capable of fupporting without breaking. This 
being expreffed by figures, it is eafy, by a few interpola- 
tions, to expref8 them in a progreffive form. This kind of 
fcale has been partly formed by comparing the weight of 
the different fizes with equal lengths, from which gauges or 
calibres may be made for the ufe of the workmen. Thefe 
gauges are certain guides, which they cannot rnidake except 
through great careleffnefs. If they had not thefe guides 
they would often pafs the wire through holes in the drawing- 
plate that are too large for it, whence it does not acquire 
the ftrength it fhould have in proportion to its thicknefs, and 
lo£e« its hardnefs* They might alfo pafs it through holes 
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that were too fmall, which would weaken it, and render it 
very brittle. In the latter cafe, it frequently happens that 
the deel of the drawing-plate, being unable to luflain the 
force to which it is expofed, will give way, as if the plate 
were too foft ; and the wire will be brittle at the beginning, 
and foft and too thick at the other extremity. 

The greatefl part of the fine wire of Meflrs. MoucheFn 
manufactory is drawn by workmen who are difperfed about 
the country ; but they have alfo a machine which moves 
twenty -four bobbins in a horizontal direction, which only 
requires the workman to look after it. It is upon the bob- 
bins that the wire is reduced to the different degrees of thin- 
nefs defired ; therefore, this is the lafl operation in the art of 
making iron and fleel wire ; although it has all requifite 
qualities given to it in the work-fhop of the wire-drawer. 

Wire is Hill incapable of being made into needles and 
cardirig-hooks, until it has undergone another operation 
for dre fling or Heightening the wire, by which it is made 
to lofe the bend or curve that it acquires on the bobbins. 

This work confifls in drawing the wire between nails fixed 
in a piece of wood, and which ad to bend the wire, firft in 
one diredion, and then in the oppofite, in a waving line, of 
which the waves are at firfl larger, but dccreafe gradually, 
and the lafl bend of which tends to force the wire into a 
Hraight line. The drefler is obliged conflantly to adjuft 
the nails, by inclining or railing them with flrokes of the 
hammer. Alfo for each number of wires the pins mull be 
at different and calculated dillances. This requires a work- 
man of intelligence, diligence, and addrefs. 

An ingenious iuflrument in now appropriated to this ope- 
ration, and removes all difficulty. Six little puppets of 
very hard fleel are fubflituted for the nails of the ordinary 
inflrumcnt, and are fixed 011 parallel bars of metal, fo 
jointed together that the movement of them all will be pa- 
rallel, and the puppets are widened or brought nearer to- 
gether by ferews. The wire is drawn between thefe puppets 
in a zigzag or waving line, and the repeated flexures break 
the finuofitics of the wire. There is a conductor of the 
wire to the puppets, and another conductor which ferves to 
prevent the wire from being (haken. There are flight 
grooves at the extremity of the puppets, to give a paflage to 
the wire. A fcale fuitained by a ferew indicates the dif- 
tance at which the puppets ihould be placed from each other, 
to flraighten each fize of wire. This forms an invariable 
rule, and the drefler (who may be a child) faves a third of 
the time which is employed in regulating the nails of the in- 
ftrument formerly ufed. There is nothing more to be done 
hut to draw out the wire by means of a wlieel, on which he 
reels it, and then forms it into bundles to be delivered to the 
confumers. 

The Heel -wire of France is proper for many purpofes. 
It is brought from Meflrs. Mouchel, for making knitting- 
needles in the Englifh fafhion, fhoemakers’ needles, and 
other fimilar articles. It may alfo be ufed for needles of all 
fizes, and even for cards for wool -combing ; but as this 
fleel is much more cxpcnflve than the iron -wire, it is very 
feldom ufed for the latter purpofe. 

The method of preparing the draw-plates is deferibed 
by Meflrs. Mouchel, and is different from that before 
deferibed. 

For making wire for cards, two forts of drawing-plates 
are ufed, large and fmall ones. The firft, for the fort of 
wire that we have been deferibing, is drawn with the pincers, 
as Jig. 7, and with the bobbin or roller, which is a cylin- 
der adapted to the axis turned by the water-mill, and is ufed 
in preference, to avoid the marks made on the wire by the 
pincers. The fmall drawing-plates are ufed for fuch wire 
3 Z 2 
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as may be drawn by hand. The fteel which they employ 
for thefe drawing-plates fhould never varv in quality, ex- 
cept that the fmaller plates are made of the fined (feel. 
Several pieces of iron are difpofed in the furnace in the 
form of a box without a lid, their weight being according 
to the ufe for which they are intended to be employed. 

The workman fills each of thefe boxes with call fteel, 
and having covered it over with a luting of clay, it is ex- 
pofed to a fierce fire until the fteel be melted. His art 
confifts in feizing the proper moment to withdraw the plate 
from the fire : he raifes the luting, and blows on it through 
a tube, in order to drive off all heterogeneous parts, and 
then amalgamates it with the iron by light blows. After it 
is cool, he replaces it at the fire, where the fulion again takes 
place, but to a lefa degree than before ; he afterwards 
works the fteel with light blows of the hammer, to purify 
and folder it with the iron. This operation is repeated 
from feven to ten times, according to its quality, which 
renders it more or lefs difficult to manage. During this 
procefs, a cruft forms on the fteel, which is detached from 
it the fifth time of its expofure to the fire, becaufe this cruft 
is compofed of an oxydated fteel of an inferior quality. 
It fometimes happens that two and even three of thefe 
crufts are formed of about two millimetres, or one-fix teenth 
of an inch in thicknefs, which muft alfo be removed. 

After all thefe different fufions, the plate is beaten by a 
hammer wetted with water, and the proper length, breadth, 
and thicknefs, are given to it. When thus prepared, the 
plates are heated again, in order to be pierced with holes by 
punches of a conical form ; the operation is repeated five or 
fix times, and the punches ufed each time are progreflively 
fmaller. It is of importance that the plate never be heated 
beyond a cherry -red, becaufe if it receives a higher degree 
of heat, the fteel undergoes an unfavourable change. The 
plates, when finifhed, prefent a very hard material, which 
oevertheiefs will yield to the ftrokes of the punches and the 
hammer, which they require when the holes become too 
much enlarged by the frequent palling of the wire through 
them. 

When the plates have been repaired feveral times, they 
acquire a degree of hardnefs, which renders it neceffary to 
anneal them, efpecialiy when they pafs from one fize to 
another ; fometimes they do not acquire the proper quality 
until they have been annealed feveral times. Notwithftand- 
iog all the precautions which are taken in preparing the 
plates, the fteel ftill varies a little in hardnefs, and accord- 
ing to this variation they fhould be employed for drawing 
either fteel or iron wire ; and if the workman who proves 
them finds that they are too foft for either the fteel or iron, 
they are put afi ie, to be ufed by the brafs- wire drawers. 

A plate that is bed adapted for drawing fteeJ-wire is 
often unfit for the iron ; for the long pieces of this latter 
metal will become fmaller at the extremity than at the be- 
ginning, becaufe the wire as it is drawn through the plate is 
infeniibly heated, and the adhering parts are f welled, confe- 
quently preflVd and reduced in fize towards the latter end. 
The plates that are fit for brafs are often too foft for iron, 
and the effect refulting is the reverfe of that produced by a 
plate that is too hard. 

The fmalleft plates which Meffrs. Mouchel ufe are at the 
leaft two centimetres, or eight-tenths of an inch in thick- 
nefs, fo that the holes can be made fufficiently deep ; for 
when they are of a lefs thicknefs, they will feize the wire 
too fuddenly and injure it. This inconvenience is much 
felt in manufa&ories where they continue to ufe the plates 
for too long a time, as they become exceedingly thin after 
frequent repairs. One of Meffrs. Mouchei’s large plates 
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reduces 1400 kilogrammes (3080 pounds avoirdupois) from 
the large ft fize of wire to No. 6, which is of the thicknefs 
of a knitting-needle $ 400 kilogrammes (880 pounds) of this 
number are afterwards reduced in one fingle fmall plate to 
No. 24, which is carding wire ; and to finiih them, they are 
paffed through twelve times fucceffively. 

For the tenacity of iron wire, fee Iron. 

The firft wire-mill in England was fet up by a Dutch- 
man at Sheen, near Richmond, in 1663. 

Wires are frequently drawn fo fine, as to be wrought 
along with other threads of filk, wool, or hemp : and 
thus they become a confiderable article in the manufac- 
tures. See Ductility. 

Wire, Gold* See Gold- Wire, 

Mufchenbroeck records, that an artiftof Augfburgdrew a 
wire of gold fo (lender, that 500 feet of it weighed only 
one grain ; and Dr. Wollafton, fecretary of the Royal So- 
ciety, has (hewn, that a wire of gold may be drawn much 
finer than this, and that wires of platina may be drawn much 
more (lender, with the utmoft facility. Thofe wh j draw filver- 
wire in large quantities for lace and embroidery, fometimes 
begin with a rod that is about three inches in diameter, and 

ultimately obtain wires that are fo fmall as — of an inch in 

100 

thicknefs. If in any ftage of this procefs a rod of (ilver-wire 
be taken, and a hole be drilled through it longitudinally, 
having its diameter one-tenth part of that of the rod, and if 
a wire of pure gold be inferted, fo as to fill the hole, it 10 
evident that by continuing to draw the rod, the gold within 
it will be reduced in diameter exa&ly in the fame propor- 
tion as the fiiver ; fo that if both be thus drawn out 

together till the diameter of the fiiver is - 1 — of an inch, then 

500 

that of the gold will be only — — ; and of fuch wire, 550 

feet would be requifite to weigh one grain. In order to re- 
move the coating of fiiver that furrounds it, the wire muft 
be fteeped for a few minutes in warm nitrous acid, which 
diffolves the fiiver without any injury to the gold. Dr. W., 
in his endeavours to make (lender gold- wires by the method 
above-deferibed, found it difficult to drill the central hole 
in a metal fo fine as fiiver, and therefore tried whether pla- 
tina might not be fubftituted for the gold, as in that cafe its 
infufibility would allow its being coated with fiiver, with- 
out the neceflity of drilling. Having formed a cylindrical 
mould one-third of an inch in diameter, he fixed in the centre 

of it a platina wire previoufly drawn to the -i- of an inch, 

100 

and then filled the mould with fiiver. When this rod was 

drawn to his platina was reduced to — , and bv fuc- 
30 1000 1 

ceflive reduftion he obtained wires of — - — and — - - , and 

4000 5000 

excellent for applying to the eye-pieces of aftronomical in- 
ftruments, and perhaps as fine as can be ufeful for fuch pur- 
pofes. The extremity of a platina wire having been fufed 
into a globule near ^ of an inch in diameter, was next ham- 
mered out into a fquare rod, and then drawn again into a 

wire of an inch in diameter. The fufion was effe&ed 

2 53 

by the following fimple and eafy method fuggefted by Dr. 
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Marcet A piece of wire, about fix inches long, having 
been bent to an angle in the middle, one half of its length 
was held in the flame of a fpirit-lamp impelled by a current 
of oxygen, and its extremity was thus fufed in about half a 
minute. An inch of the wire above-mentioned duly coated 
with filver was drawn, till its length was extended to 
182 inches; confequently the proportional diminution of 
the diameter of the platina will be expreffed by the 
fquare root of 182, fo that its meafure had become 

= . The fpecific gravity of the coated 

253 x > 3-5 34*5 

wire was affumed to be io.y, and fince the weight of 100 
inches was 114 grains, its diameter was inferred to be 

~~ of an inch, and juft eighty times of the platina thus 
42*0 # 

contained in it. With portions of the platina wire thus 
obtained, and fucccffively reduced in diameter, its tenacity 
was afeertained ; and the refults of feveral trials /hewed in 
general, that the procefs of wire-drawing, which is known 
to improve the ftrength of metals within moderate limits, 
continued alfo to add fomething to the tenacity of platina, 

even as far as — ™ of an inch, which fupported 1 } grain 

before it broke ; but the wire in which the experiments 
were made began then to be impaired by repetition of the 
operation ; fo that although he afterwards obtained portions 

of it as fmall as of an inch in diameter, it was in 
30.000 

many places interrupted, and he could not rely on any trials 
of its tenacity. For other particulars with regard to thefe 
fine wires, we refer to the Phil. Tranf. vol. ciii. pt. 1. 

Wire, Silver, is the fame with gold wire, except that 
the latter is gilt, or covered with gold, and the other is not. 
There are alfo counterfeit gold and filver wires : the firft 
made of a cylinder of copper, filvered over, then co- 
vered with gold ; and the fecond of a like cylinder of 
copper filvered over, and drawn through the iron, after 
the fame manner as gold and filver wire. 

By 43 Geo. III. c. 68. feveral duties are impofed on 
wire imported, as fet forth in tables annexed to the ad ; 
and by c. 69. fched. A. duties are laid upon wire made in 
Great Britain ; and by 49 Geo. III. c. 98. new duties are 
impofed. Every wire-drawer who /hall draw any gilt or 
filver wire, commonly called ‘ big wire,’ /hall take out a 
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licence, for which he (hall pay 2/., to be renewed annually on 
pain of 20 /. 24 Geo. III. c. 41. One licence fuffices for a 
partner/hip. Notice is to be given of working on pain of 
20/., and the place of working is to be approved by the 
commiflionera under the fame penalty. Wire, and bars for 
making it, and utenfils, found in any private workhoufe, of 
which no notice hath been given, (hall be forfeited. 
Officers /hall be permitted to enter and furvey, and the 
penalty of obftruding him is 20 1 . 10 Ann. c. 26. Pre- 
venting him from taking a juft account incurs a forfeiture 
of 100/. 26 Geo. III. c. 77. Juft feales and weights (hall 
be kept on pain of 10/. Perfons ufing falfe feales and 
weights forfeit 100/. 10 Geo. III. c. 44. And the fame 
(hall be forfeited and feized. 28 Geo. III. c. 37. Ingots 
or bars of filver, defigned for gilt wire, (hall be weighed 
in the prefence of the excife officer, before they be covered 
with gold, and again weighed and marked after the gold is 
laid on, under penalty of 20/. 15 Geo. II. c. 20. 

By 10 Ann. c. 26. an allowance of one-fifth is made 
for waftc In reducing the big wire to fmall wire. Removing 
wire before it is furveyed incurs a penalty of 40 1 . ; ana 
unfurveyed wire is to be kept feparate,on pain of 10/. 5 and 
the puni/hment of concealing wire, &c. is a forfeiture of 20/. 
The wire made /hall be entered every month, on oath, on 
pain of 100/. The duty mull be cleared off in fix weeks 
after entry, on pain of double duty. 

By 15 Geo. 11 . c. 20. and 22 Geo. II. c. 36. no 
foreign embroidery, or gold or filver brocade, thread, lace, 
fringe, or work made thereof, or of copper, brafs, or 
other inferior metal, or gold or filver wire, or plate, /hall 
be imported. And by 10 Ann. c. 26. if any perfon 
/hall export any gold or filver thread, or lace or fringe 
made of plate wire fpun upon filk, lie (hall have a draw- 
back after the rate of cj. a pound avoirdupois, of fuch 
filver thread, lace, or fringe, and of 6x. 8 d. a pound of 
fuch gold thread, lace, or fringe. 

For regulations concerning the true making of gilt and 
filver wire, fee the ftatute 15 Geo. II. c. 20. and for pro- 
hibiting the felling or working up of foreign gold or filver 
lace or thread, fee 22 Geo. II. c. 36. 

Wire, Brafs, is drawn after the fame manner as the for- 
mer. Of this there are divers fizes, fuited to the divers 
kinds of works. The fined is ufed for the firings 
of mufical inftruments, as fpinets, harpfichords, mani- 
chords, &c. 

The pin-makers likewife ufe vaft quantities of wire of 
feveral fizes, to make their pins of. See Pin. 

Wire, Iron. See Wire fupra. 
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WOAD, in j1grtculturc % a plant cultivated in the field for 
the ufe of the dyers. It is a plant which has a ftrong 
thickifh fibrous root, which penetrates deep into the foil, 
and which is principally railed for the ufe of the leaves, 
which, after being properly manufactured, are made ufe of 
in the art of dyeing to produce a blue colour, as well as the 
bafis of black, and fome others. 

Soil . — It is evident from the nature of its root that it re- 
quires a foil which has much depth or ftaple, and which i* 
perfectly frefh, fuch as thofe of the rich, mellow, loamy, 
and deep vegetable kind. Where this fort of culture is car- 
ried to a confiderable degree of perfection, as in Lincoln - 
fhire, the deep, rich, putrid, alluvial foils on the flat traCts 
extending upon the borders of the different large rivers are 
chiefly employed for the growth of this fort of crop ; and 
it has been fhewn by repeated trials that it anfwers moft per- 
fectly when they are broken up from a ftate of fward im- 
mediately for it. In fome places, it is the practice to take 
lands of this description at high prices, for the purpofe of 
breaking them up and growing it upon them for two or three 
years ; on the more low rich foils, for four years, but on 
thofe of lefs fertility only for three ; and in fome, which 
are more elevated and expofed, two are confidered fufficient. 
For this fort of culture, people are employed, who move 
from place to place, and form a fort of colony. Mr. Cart- 


wright, in the above county, has however found, that it is ca- 
pable of being confined to one fpot with equal or greater 
fuccefs, by having a fufficient extent of ground for chang- 
ing the place of its growth as may be neceflary, and for 
appropriating an adequate proportion annually to the railing 
of the plant, by which the houfes and expenfive machinery 
that are neceflary for its preparation may be kept conftantly 
and regularly employed in the bufinefs. 

Preparation . — In order to prepare the land for this crop, 
it is advifed by fome to plough it up with a good deep fur- 
row, immediately before the winter commences, laying it in 
high narrow ridges, to have the full effeCt of the frofls ; 
and early in the ipring to give another ploughing in the con- 
trary direction, leaving the ground in the fame kind of 
ridge as before. When it has remained in this ftate fome 
length of time, and weeds appear, it Ihould be well har- 
rowed down with a heavy harrow, repeating the operation 
fo as to render it perfectly fine and clean. About the be- 
ginning of June a third ploughing Ihould be given to the 
full depth with a narrow furrow, and the land be afterwards 
well harrowed down as before ; the fourth or final plough- 
ing being given towards the beginning of July, in a light 
manner, leaving the furface as even as poffible for the feed. 
But fome take much lefs trouble in the bufinefs of prepare- 
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lion, in cafes where the foils are fufficiently dry, only 
breaking them up early in the month of February ; and 
where the contrary is the cafe, deferring it to a later period, 
taking care to plough the land in a perfeA manner to the 
depth of live inches, or more : and that the furrow-flices 
may be well turned, laid flat, and nicely jointed, a perfon is 
employed with a fpade for the purpole of adjufting them. 
This prevents the grafly matters from rifmg in the Teams. 
When this has been done, the furface is repeatedly harrowed 
over, to raife a fufficient depth of good mould for the drill 
to work in ; and before the feed is put in a roller is paffed 
over the land. 

It is probable, however, that this method is inferior to 
the former, as the land is not brought nearly to fo line a ftate 
of mould, or the grafly material io effe&ually covered and 
deftroyed, from which injury may be done to the woad 
plants in their early growth. 

But a method which is equally effectual with the firfl, 
more expeditious, and which has a fuperiority over it, in 
more completely deilroying grubs, infe&s, and other ver- 
min, which are apt to feed on the plants in their early 
growth, is that of paring and burning. This is, however, 
chiefly pra&ifed where the fward is rough, and abounds with 
rufhes, (edge, and other plants of the coarfe kind, but might 
be had recourfe to on others, with vaft benefit. 

Where the latter modes are made ufe of as foon as the 
feed has been put in, the land (hould be carefully drained by 
forming grips in fuitable directions, as wherever water flag- 
nates, the woad plants are liable to be injured or de- 
ftroyed. 

Seed . — In refpeCt to the feed, it fhould be collected from 
ground that has been left covered with the belt plants from 
the preceding feafon, as they only run up to Item and form 
feeds in the fecond year ; and in order to have good feed, 
the leaves fhould not be cropped at all or but once, the Items 
being fuffered to remain till the feeds in the bulks become 
perfectly ripened ; which is fhewn by their attaining a 
brownifh-yeliow colour, and the pods having a dark blackifh 
appearance. It fhould then be gathered as foon as poflible, 
by reaping the ftems in the manner of grain, and then fpread- 
ing them in rows thinly upon the ground if the weather be 
fine, when in the courle of a few days they will be in a ftate 
to be threfhed out from the hufks or pods. When they are 
fufFered to remain too long, the pod3 are liable to open, and 
fhed the feed. Although the pod m which the feeds are con- 
tained is of a large fize, the feeds are lefs than thofe of the 
turnip. New feed, where it can be procured, fhould always 
be fown in preference to fuch as has been kept for fome 
time ; but when of the latter kind, it fhould be fleeped for 
fome time before it is put into the ground. 

In regard to the quantity of feed which is neceflary, it 
muft be regulated by the foil, and the manner in which it is 
fown. Where the drill is employed, lefs will be required 
than in the broad-caft method. It has been found that a 
rood of land, where the crop is good, will in general afford 
feed fufficient for eight or ten acres ; and in lome cafes, in 
the broad-caft method, five or fix bufhels are made ufe of to 
the acre. In Kent they ufe ten or twelve pounds to the 
acre. 

Sowing .—' The time of fowing crops of this nature muft 
be regulated, in fome degree, by the mode of preparation 
that has been employed. Where the firft of the above me- 
thods has been followed, it will be much later than in the 
other cafes. But early fowing is in general to be preferred, 
as there will be lefs danger of the plants being injured 
by the attacks of the fly or grub. Where the weather is 
fuitable, and the land in a proper ftate of preparation, the 
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feed may be fown in the latter end of February or March, 
continuing the fo wings, in different portions of land, till 
about the middle of May, at fuitable intervals of time to 
vary the times of cropping the leaves of the plants. The 
late fowings are commonly executed about the latter end of 
July, or early in the following month at the fartheft. 

With refpeA to the manner in which the feed is fown, it 
differs according to the nature and ftate of preparation of the 
land. Where it is in a fine ftate of mould, the drill or ro.w me- 
thod is the method moftly pra&ifcd, which is by much the 
beft, as by it the plants may be kept more eafily clean and 
free from weeds, becoming more ftrong and vigorous, from 
the earth being more ftirred about the plants : but where 
the contrary is the cafe, the broad-caft mode is generally 
followed ; but which does not by any means admit of the 
plants being kept fo free from weeds, or the mould fo well 
ftirred about the roots of them. 

Where the firft method is had recourfe to, the feed ia 
fown by a drilling-machine, fuch as is ufed for turnips, in 
equidiilant rows, eight or nine inches apart, covering it in, 
either by means of a harrow attached to the implement, or 
by palling a light common harrow over the ground after- 
wards, once in a place, raking off any clods that may be 
prefent to the Tides, or into the furrows : but in the latter 
mode, it muft be difperfed by the hand in as equal a manner 
as poflible, over the whole of the land, being then harrowed 
in by a light harrow, fo as to leave the land in as even and 
level a ftate as poflible. The ground is frequently rolled 
afterwards, that the furface may be left as even as poflible. 

In favourable feafons with good feed, the plants moftly 
appear in the courfe of a fortnight, when much attention 
fhould be paid to fee that they arc not deftroyed by the 
turnip. fly, or the frofls in thofe of the more early fowings ; 
as, where that is the cafe, the land fhould be immediately 
refown ; as in fome cafes it is not uncommon to fow the 
greateft part of the crop two or three times over. In the 
very late fowings, where the crops rife thin on the ground, 
it is fometimes a pra&ice to give a better plant by forming 
holes with a hoe in the vacant fpots, and dire&ing feeds to 
be dropped into them by the hand by women or children. 
This is the cafe with the late fpring-fowings till the begin- 
ning of June, or a later period. 

Culture while growing . — From much of the goodnefs of 
the woad plants depending on the luxuriance of their 
growth, and the thicknefs of their leaves, it is neceflary to 
bellow great attention in the culture of the crop while 
growing. It is advifed that the fpring-fown crops, as well as 
thofe that are fown in the latter part of the fummer, fhould 
have the firft hoeings given them as foon as the plants are 
fully diftinguifhable above the ground, as by this means the 
weeds will not only be prevented from retarding the vegeta- 
tion of the plants, but thefe by being thinned out to greater 
diftances be more at liberty to advance and become vi- 
gorous in their firft or early growth, which is a matter of 
much confequcnce to the fuccefs of the crop ; and fecond 
hoeings fhould be given in the courfe of four or five weeks 
afterwards, when the plants fhould be thinned out to the full 
diftances at which they are to ftand, which may be fix or 
feven inches, or more, according to the goodnefs of the 
foil, conflantly leaving fufficient room to prevent the plants 
from being in any wav crowded. The work is fometimes 
executed in much the fame manner as for turnips, by hand- 
hoes ; but in others by fmall fhort (puds, ufed with one 
hand, while the other is employed in clearing away the 
weeds ; the labourers, moftly women and children, kneeling 
while they perform the work. When this, work has been 
done, nothing further is neceflary till the firft cropping of 
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tlie leaves has been performed, when the plants (hould be 
again immediately well weeded ; and after each cropping 
the fame operation be had recourfe to ; the extent of crop 
cleared in the day being, in mod cafes, weeded before 
night. 

With the late-fown crops, after the fecond weeding in 
Oftober, nothing further will be requifite till the fpnng, 
about the middle of April, when the work (hould be again 
well executed, the mould being completely ftirred about the 
roots of the plants, that they may derive the fulleft benefit 
from the operation. This will be fufficient to keep them 
clean till the taking of the firft crop ; after which they mull 
be again weeded, and the fame operation be had recourfe to 
after each cropping of the leaves, as in the above cafe. 

In rrfped to the bufinefs of gathering the crops with the 
fpring-fown ones, the leaves will generally be ready to be 

f athered towards the latter end of June, or beginning of 
uly, according to the nature of the foil, feafon, and cli- 
mate ; but for thofe put in at a later period in the fummer, 
they are often fit to be gathered earlier. This bufinefs 
(hould, however, conftantfy be executed as foon as the 
leaves are fully grown, while they retain their perfeCI green 
colour, and are highly fucculent ; as when they are let re- 
main till they begin to turn pale, much of their goodnefs is 
faid to be expended, and they become lefs in quantity, and 
of an inferior quality for the purpofes of the dyer. In fa- 
vourable feafons, where the foils are rich, the plants will 
often rife to the height of eight or ten inches ; but in other 
circumftances they feldom attain more than four or live : 
and where the lands are well managed in the culture of the 
plants, they will often afford two or three gatherings, but 
the beft cultivators feldom take more than two, which are 
fometimes mixed together in the manufacturing of them. It 
is neceffary that the after-croppings, when they are taken, 
are conftantly kept feparate from the others, as they would 
injure the whole if blended together, and confiderably di- 
minifh the value of the produce. It is faid that the beft 
method, where a third cropping is either wholly or partially 
made, is to keep it feparate, forming it into an inferior kind 
of woad. 

Upon an acre of land, when well managed, in favourable 
feafons, the produce is moftly from about a ton to a ton and 
a half. The price varies confiderably ; but for woad of the 
prime quality, it is often from twenty-five to thirty pounds 
the ton, and for that of an inferior quality fix or feven, and 
fometimes much more. 

Seeding- C rods . — With fuch parts of the crops as are re- 
ferved for feed, it is a praCtice with fome to crop the leaves 
two or three time 9 the firft year, and then leave the plants 
to run up to feed in the following one ; but it is a better 
pra&ice to only remove the fide-leaves, as in this way the 
plants are lefs weakened, and the produce of the feed mueh 
increafed. The plants are likewife fometimes fed down by 
fheep during the winter feafon ; but this, from its tendency 
to weaken them, is equally improper and prejudicial. 

Preparation of for the Dyer . — The woad, after it has been 

f athered, undergoes feveral proceffes to prepare it for the 
yer 5 but in the improved method it is conveyed in One- 
horfe carts, fo contrived as to be lifted from the axis, and, 
by folding doors in the bottoms, to difeharge their con- 
tents upon the floor above the mill, on being hoifted up to 
their proper fituation : round this floor holes are formed for 
putting the plants down through, in order that they may 
drop under the grinding-wheels. The mills for this pur- 
pole have feveral wheels for grinding the plants, which have 
lefs diameters on one fide than the other, and are about 
three feet in width, being conftru&ed with iron bars for 
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crulhing the woad. They are wrought by horfes, or any 
other power, as may be the moft convenient. The mate- 
rials are preferved under the grinding-wheels by proper con- 
trivances, which, as foon as they are fufficiently reduced, 
force it out of the tracks upon the (tone floors on the (idea ; 
thus making way for new parcels without the mill being 
Hopped. The bruifed woad is then thrown into rooms on 
the fides of the mill, deftined for its reception, by means of 
(hovels. In thefe it remains till the juice is fo much drained 
off as to leave it in a proper condition for being formed into 
balls ; which is done by labourers, with apparatus for the 
purpofe, and then laid upon trays to be conveyed to the dry- 
ing ranges, in which they are placed upon grating-fhelves 
that Aide on (ledges in the drying-boufes. Tnefe are placed 
on the fides of galleries, for the convenience of being eafily 
depofited upon them and removed again. It is kept in 
thefe till it is fufficiently dried to be laid up in other rooms, 
until the whole of the crop ha9 undergone the fame opera- 
tions, and the workmen are ready to manufacture it. 

It is dated in the Corrected Lmcolnfhire Report on Agri- 
culture, that to prepare it for ufe in the art of dyeing, it is 
neceffary for it to take on a proper ftate of fermentation, 
which is accompli(hcd in the courfe of feven or eight 
weeks, and, in the technical language of the art, is termed 
couching. It is effected by regrinding the balls, in the fame 
mill as before, to a fine powder, and then fpreading it 
upon the floors of the rooms in which the balls were formed, 
to the thickncfs of about three feet ; where it is then moif- 
tened with water, fo as to keep it in a proper (low ftate of 
fermentation ; and fo managed by turning that it may per- 
vade the whole in an equal manner. In this bufinefs, the di- 
rection of an experienced workman is neceffary. In the 
turning, it is of much importance that the parts of the ma- 
terials be perfectly divided, which can only be effected by a 
nice management of the (hovel : and it is added that much 
advantage has been found in the goodnefs of the woad, from 
the drying and (loring of it being performed in a careful man- 
ner. When this attention is neglected, the woad will not, 
on being broken between the finger and thumb, draw out 
into fine hair-like filaments, or, in the technical language of 
the manufacturer, heaver well ; as the ufe of this uibftance 
in the blue vat of the dyer, is not merely to afford the co- 
lour of the plant, but, by bringing on a very gentle fer- 
mentation, excite the indigo in the fame vat to yield its co- 
louring principle more perfectly. This is even neceffary for 
its own colouring-matter being fully imparted. The fub- 
ftance (hould, therefore, be fo prepared in the different opera- 
tions as to produce this cffeCt in the moft certain and perfeCt 
manner. When the heat in the procefs of couching has 
gone too far, the fubftance will be what is termed foxy ; and 
when it has not proceeded to a fufficient degree, it will be 
what is called heavy . If the material be good, it does not 
foil the fingers on being rubbed between them ; but fuch as 
is heavy does. In the conclufion of the procefs, the cool- 
ing is effected in fo gradual a manner, as to render it not 
fit for taking on the fame procefs ; and of courfe proper for 
being preferved in cafks, or in any other way. It is then 
ready for ufe. 

The preparation of woad for dyeing, as praCtifed in 
France, is minutely deferibed by Aftruc, in his Memoirs 
for a Natural Hiftory of Languedoc. The plant puts 
forth at firft five or fix upright leaves, about a foot long, 
and fix inches broad : when thefe hang downwards, and 
turn' yellow, they are fit For gathering : five crops are ga- 
thered in one year. The leaves are carried dire&ly to a 
mill, much refembiing the oil or tan-mills, and ground into a 
fmooth pafte. If this procefs was deferred for fome time, 
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they would putrefy, and fend forth an infupportable llencii. 
The pafte u laid in heaps, prefled clofe and fmooth, and 
the blackifh cruft, which forms on the outfide, re- 
united if it happens to crack : if this was negleCted, little 
worms would be produced in the cracks, and the woad 
would lofe a part of its ftrength. After lying for fifteen 
days, the heaps are opened, the cruft rubbed and mixed 
with the infide, and the matter formed into oval balls, which 
are preffed clofe and folid in wooden moulds. Thefe are 
dried upon hurdleB : in the fun, they turn black on the out- 
fide j in a clofe place, yellowifh, efpecially if the weather 
be rainy : the dealers in this commodity prefer the firft, 
though it is faid the workmen find no inconfidcrable differ- 
ence betwixt the two. The good balls are diftinguifhed 
by their being weighty, of an agreeable fmell, and when 
rubbed of a violet colour within. For the ufe of the 
dyer, thefe balls require a farther preparation : they are 
beat with wooden mallets, on a brick or Hone floor, into a 
grofs powder ; which is heaped up in the middle of the 
room to the height of four feet, a fpace being left for 
palling round the fides. The powder, moiftened with 
water, ferments, grows hot, and throws out a thick fetid 
fume. It is {hovelled backwards and forwards, and moif- 
tened every day for twelve days ; after which it is ftirred lefs 
frequently, without watering, and at length made into a 
heap for the dyer. 

The powder thus prepared gives only brownifh tin&ures, 
of different (hades, to water, to rectified fpirit of wine, to 
volatile alkaline fpirils, and to fixed alkaline lixivia ; rubbed 
on paper, it communicates a green [lain. On diluting the 
powder with boiling water, and after Handing fome hours in 
a clofe veffcl, adding about one-twentieth part of its weight 
of lime newly (lacked, digefting in a gentle warmth, and 
{lining the whole together every three or four hours, a new 
fermentation begins, a blue froth arifes to the furface, and 
the liquor, though it appears itfelf of a reddifh colour, dyes 
woollen of a green, which, like the green from indigo, 
changes in the air to a blue. This is one of the niceft pro- 
cedes in the art of dyeing, and does not well fucceed in the 
way of a fmall experiment. 

A (true propofes the manufacturing of frelh woad leaves 
in Europe, after the fame manner as the indigo plant is ma- 
nufactured in America ; and thus preparing from it a blue 
fecula fimilar to indigo, which from his own experiments be 
has found to be practicable. Such a management would 
doubtlefs be accompanied with fome advantages, Hough 
poffibly woad fo prepared might lofe thofe qualities which 
now render it, in a large bufinefs, preferable on fome ac- 
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counts to indigo, as occafioning greater difpatcli when once 
the vat is ready, and giving out its colour lefs haftily, fo as 
to be better fitted for dyeing very light (hades. Neumann’s 
Chem. by Lewis, p. 437, See. 

The ancient Gauls and Britons ufed to dye or (tain 
their bodies with this plant, and were probably led from this 
application of it to ufe it for dyeing cloth. 

Some hold that it was from this plant glafs took its deno- 
mination ; though others derive both glafs and glajlum from 
the Britifh glafs, which to this day denotes a blue colour. 
See Glass. 

A woad blue is a very deep blue, almoft black ; and is 
the bafe of fo many forts of colours, that the dyers have a 
fcalc, by which they compote the divers calls or degrees of 
woad, from the brighteft to the deeped. 

Woad, in Botany. (See Isatis.) There are four 
(pecies. 

The broad-leaved woad is cultivated in feveral parts of 
England (or the purpofes of dyeing, bein^ufed as a found- 
ation for many of the dark colours. 

Some feed down the leaves of woad in winter with (beep ; 
a praClice which Mr. Miller condemns. 

Woad grows wild in fome parts of France, and on the 
coafts of the Baltic fea : the wild woad, and that which is 
cultivated for the ufeof dyers, appear to be of the fame fpecies. 

Befide the plant properly (ignified by the name woad, 
which dyes a blue colour, we have two others known in our 
Englifti herbals under that name, as alfo that of mid or 
weld. Thefe are both called by the common people dye^t 
1 weed , and are the luteola and ihegentjla tindoria. 

The ancients confounded all thefe three plants alfo under 
the fame names. Paulus vEgincta feems to make them all 
the fame plant ; and Neophytus, fpeaking of the ifat'u, or 
our woad, properly fo called, fays, that it was called by the 
Latins lutum. This lutum has been by fome underftood to 
mean the luteola , and by others the gcntjla tindoria ; but the 
latter opinion only is right, for it is deferibed to us by the 
ancients as having leaves like the linum, or flax, and flowers 
like the broom. 

Woad -Mill and Houfc, that fort of mill and houfe 
which is neceffary and proper for preparing and fitting this 
kind of fubftance for the ufe of the dyer. The reprefent- 
ation of a mill and excellent apparatus for effecting the pre- 
paration of the woad plant, which is made ufe of by Mr. 
Cartwright, with much fuccefs and advantage, in Lincoln- 
(hire, may be feen in the fecond volume of the “ General 
Dictionary of Agriculture and Hulbandry.” 
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WOOL, in Natural H'tjlory and ManufaPures^ Latin 
lana y lanidum , Fr. laine, figiuties foft hair or down, inor? 
particularly that of (Keep, but is applied to the foft hair of 
other animals, as of the vicunna, commonly called Vigonia 
wool, that of the yak of Tartary, &c. ; and alio to fine 
vegetable fibres, as cotton. The Romans applied the 
term extenfively to the foft hair or down of all quadrupeds, 
and even to that of birds, as lana anferina, the wool or 
down of the goofe ; lana caprina, goat Vwool. 

They alfo applied the term to vegetable fubftances : 

“ Nemora aEthiopium molli canentia lana.” 

Virg. Georg, ii. 120. 

« The trees of Ethiopia, white with foft wool, or cotton.* 1 
The didindion between wool and hair is rather arbitrary 
than natural, confuting in the greater or lefTer degrees of 
finenefs, foftnefs, and pliability of the fibres. When they 
poflefs thefe properties fo far as to admit of their being 
(pun and woven into a texture fuffieiently pliable to be ufed 
as an article of drefs, they are called wool. The gradations 
between wool and hair on the Ikins of fome animals are often 
too minute to admit of accurate didindion. The fleeces of 
many fheep contain fibres l'o hard and coarfe, that they may 
mod properly be called hair ; and fome hairy animals produce 
on part of their ikins fibres poflefling all the properties of 
wool ; even in fleeces from the ftieep, we may lometimes 
obferve the very fame fibre to be a coarfe hair at one end, 
and at the other end a comparatively foft wool. The power 
of words, when inaccurately applied in retarding the pro- 
grefs of improvement, may frequently be traced in the molt 
common occurrences of life, and we are perfuaded it has 
had no inconiiderable effed in this indance, in preventing 
the cultivation of wool, in Europe, on the (kins of other 
animals befides (heep. No one will deny that it is'impoflible 
to produce wool on the backs of the ox or the afs, if we 
reilrid the term wool to the fleece of the (heep ; but if by 
wool we mean a foft fine hair, poilefiing all the properties 
which render it fuitable to be fpun, woven, and fulled, 
to make cloth, the oxen of Thibet and the alfes of Chili do 
produce and have for centuries produced fuch wool. Many 
of the alfes and oxen even in this kingdom have foft woolly 


tufts of hair on lome parts of their ki.is, and if fuch cattle 
were (dedal, and the breed cultivated, it is probable we 
might obtain from them a valuable addition to the materials 
on which national indullry might be profitably employed. 

Slicep’s-wool appears to be the produd of cultivation ; 
we know of no wild animal which refembles the wool- 
bearing (heep. The argali, from which all the varieties of 
(heep are fuppoled to be derived, is covered with fhort 
hair, at the bottom of which, dole to the (km, there is a 
fofter hair, or down. (See Akgali and 8hbki\) This is 
not peculiar to the argali ; almolt all quadrupeds inhabiting 
cold climateB arc covered in the fame manner with a fait 
hair or down, which is proteded by a coat of longer 
and coarfcr hair. By removal to a temperate climate, 
or when placed under the foltering care of man, and pro- 
teded from the inclemencies of tiie weather, and (upplied 
regularly with food, the coarfe long hair falls ofF, and tin* 
animal retains only the fofter and (horter hair, or wool. 
It is alfo oblerved that European (heep, removed to tropi- 
cal climates and much expofed, foon become languid and 
iickly, and lofe their fleece, which is fucceedcd by a cu* 
vering of Ihort coarfe hair. Sheep in expofed fituations in 
Europe often produce fhort coarfe white hairs called kemps, 
intermixed with the finer wool ; on removal to a warmer 
lituation, and to a richer patlure, the coarfe hairs fall off, 
and do not grow again. Thefe fads are fufficient to prove 
the effed of cultivation on the fleece ; and it mud be ob- 
ferved that (heepVwool of a good quality is never found but 
in thofe countries which have been the feats of the arts, and 
where a conliderable degree of luxury or refinement exills, 
or has once prevailed. This is a ftrong prefumptive proof 
that fuch wool has been originally obtained by a careful and 
long-continued attention to the feledion of thofe (heep 
which produced the fined and mod valued fleeces. 

Angora, the ancient Ancyra, the former feat of arts and 
manufadures, dill retains its breed of fine-woolled animals, 
among which the goat at the prefent time produces a fleece 
nearly equal to (ilk in ludre and finenefs ; and the cat and 
the rabbit of that didrid yet produce fine long wool. Da- 
mafeus, and the other ancient cities of Alia Minor, preferve 
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in their vicinity the traces of the former cultivation of fine- 
woolled animals. The Tarentine fine-woolled fheep, fo much 
valued by the Greeks and Romans, were obtained from 
Afia Minor, and were on that account fometimes called 
Afianae. It is highly probable that thefe (heep came ori- 
inally from the more eaftern feats of luxury, where the foft 
eeces are now grown, of which the (hawls and cloths of 
India are fabricated. 

In countries where manufa&ures have once flouri filed, 
their effcCs continue for a long time vifible in the race of 
Iheep which ftill remain there. Even in the prefent condi- 
tion of the fleeces from Barbary and the adjoining ftates, the 
experienced # eye may perceive the veftiges of a fine-woolled 
race of (heep, degenerated by utter negleC, in a climate 
naturally unfavourable to the production of fine wool. In 
Sicily and the fouthern parts of Italy, the remains of the 
ancient Tarentine breed preferve to the prefent day a race 
of fine-woolled Iheep, but greatly degenerated by neglect, 
in Portugal the fine-woolled fheep retain more of their ori- 
ginal punty, but are ftill much negledted. In Spain atten- 
tion to the growth of fine wool appears never to have been 
entirely loft fight of, and it is here that the race of fine- 
woolled (heep exift in the higheft degree of perfection, 
though, as we (hall afterwards ftate, probably inferior in 
fome important qualities to the original Tarentine race. 
Some writers have aflerted that fine wool is the refult of cli- 
mate and food ; but this is not the fad, though we admit 
that both have fome influence on the quality of wool. It is 
the breed alone that primarily determines the finenefs of 
the fleece ; this has been ably demon ft rated by the experi- 
ments of lord Sommerville, Dr. Parry of Bath, and others 
in this country, and by experiments on a larger fcale in 
Sweden, Denmark, Saxony, and France. 

It has been afeertained by Mr. Bakewell of Difhley, in 
Leicefterfhire, that the form of animals might be changed 
by fele&ing fuch as had any remarkable peculiarities, and 
continuing to breed from them for a few generations, when a 
new race is eftablifhed, in which thefe peculiarities continue 
permanent. It has been afeertained by careful obfervations, 
both of cattle-breeders and phyfiologifts, that in producing 
a new breed from two varieties of the fame fpecies, the fe- 
male has more influence over the form of the progeny than 
the male ; but with refped to wool the cafe is reverfed, the 
quality of the fleece depending more on the fire than the 
dam* Beginning to breed from a coarfe-woolled ewe and a 
pure fine-woolled ram, the produce of the firft crofs will 
have a fleece approaching one- half to the finenefs of that of 
the ram ; and continuing to crofs this progeny with a fine- 
woolled ram, equal to the firft in quality, the fleece of the 
fcore and crofs will approach three-fourths to the finenefs of 
the firft, and in a few erodes more will be brought to an 
jequal quality. If we ftate it numerically, and fuppofe the 
wool of the ewe to be twice as coarfe as that of the ram, or 
as 3*0 to 160, the firft crofs will have the fibre reduced to 
240, the fecond to 200, the third to 180, the fourth to 170, 
the fifth to 165, the fixth to 162^, which to all pra&ical 
purpofes may be regarded as equal to the firft number. This 
ratio of approximation may be ftated as correC on a large 
fcale of experiment. If we breed with a fine-woolled ewe 
and a coarfe-woolled ram, the feries would be reverfed, and 
in a few generations all veftiges of the fine-woolled race 
would be nearly, if not entirely, extinft. The ancient Ro- 
mans, in the time of Columella, feem to have been fully 
aware of the effcfti of breed on the finenefs of the wool, 
and as much as 200 /. fterling was paid for a fine-woolled ram. 

When a flock of fine-woolled fheep are once formed, 
they can only be kept puce by fdefting and preferring the 
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fineft-woolled rams, and moft carefully avoiding ail inter- 
mixture with fheep from coarfer-woolled flocks that may 
exift in the country. Where this is neglected, the quality 
of the wool will foon be debafed. 

But fuppofing all the flocks in a country were of the fine- 
woolled race, accidental varieties of coarfe-woolled fheep 
will occur among them, or of fheep having fleeces intermixed 
with coarfe hair. If thefe be not carefully examined and 
removed, the wool will deteriorate, and more lo where the 
climate is variable, and the fheep are expofed to great and 
fudden viciflitudes of temperature. 

What has been ftated may fufficc to explain the circum- 
ftanccof fine-woolled breeds of fheep being only found in the 
vicinity of prefent or ancient manufa&ures, or where they 
have been tranfported from fuch diftri&s. Wherever fine- 
woolled fheep are neglefted by man, the wool becomes 
either coarfe, or intermixed with coarfe hairs ; the latter is 
the cafe in the Shetland ifles, and in all countries where the 
arts and manufactures have been entirely deftroyed, and 
ignorant barbarians have fucceeded as the poffeffors of the 

foil. 

Mofl ancient writers on wool, and even many moderns, 
feem not to be aware of any difference in wools, except the 
finenefs or coarfenefs of the fibre ; but the length of the 
fibre conftitutes a far more important diftinCtive character. 
Long wool, or what is called combing-wool, differs more 
from fhort or clothing wool, in the ules to which it is ap- 
plied, and the mode of manufacture, than flax from cotton. 

SheepVwool may, therefore, be divided into two kinds* 
Short wool, or clothing-wool, and long or combing wool : 
each of thefe kinds may be fubdivided into a variety of forts, 
according to their degrees of finenefs. This procefs is the 
proper labour of the wool-forter. 

Short wool, or clothing-wool, may vary in length from 
one to three or four inches ; if it be longer it requires to be 
cut or broken, to prepare it for the further proceffes of the 
cloth manufacture. Short or clothing wool is always 
carded or broken upon an inftrument with fine fhort teeth, 
by which the fibres are opened and fpread in every direc- 
tion, and the fabrics made from it are fubjeCted to the pro- 
cefs of felting, which we fhall afterwards deferibe. By this 
procefs, the fibres become matted together, and the texture 
rendered more compact. 

Long or combing wool may vary in length from three 
to eight or ten inches : it is prepared on a comb or inftru- 
ment, with rows of long fteef teeth, which open the fibres, 
and arrange them longitudinally : in the thread fpun from 
combed wool, the fibres or filaments of the wool are arranged 
in the fame manner, or fimilar to thofe of flax, and the 
pieces when woven are not fubjeCted to the procefs of 
felting. 

The Ihorter combing-wools are principally ufed for hofe, 
and are fpun fofter tnan the longer combing-wools, the 
former being made into what is called hard worfted yarn, and 
the latter into foft worfted yarn. 

Short Clothing-Wool .— T he principal qualities defer ving 
attention in clothing-wools are the regular finenefs of the 
hair or pile, its fottnefs and tendency to felt, the length 
and foundnefs of the ftaple, and the colour. The wool- 
buyer alfo regards as important the clean ftate of the fleece, 
and to the grower its weight is particularly deferring atten- 
tion ; for in fleeces equally fine, from (heep of the fame fize, 
fome may be much heavier than others, the fibres of wool 
being grown dofer to each other on the (kin. 

The finenefs of the hair or fibre can only be eftimated to 
any ufeful purpofe, in the woollen manufacture, by the 
wool-forter or wool dealer, accuftomed by long habit to 
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dikern a minute difference, winch is quite imperceptible to 
common obfervers, and fcarcely appreciable by the moft 
powerful microfcopes. Of the various attempts that have 
been made to reduce the finenefs of wool to a certain 
ftandard, by admeafurement with a micrometer, we fhall 
afterwards fpcak. From fome experiments we have made, 
as well as from thofe made by Mr. Luccock, Dr. Parry, 
and others, we may eftimate the thicknefs of the hair of the 
fineft Spanifh and Saxony wool to be not more than the 
fifteen-hundredth part of an inch, and that of the fineft 
native Englifh to be from twelve to thirteen-hundredth 
parts, whilft the iuferior forts gradually increafe to the 
fix-hundreth part of an inch and more. A difference in the 
fize of thefe fibres, too minute to be noticed by the common 
obferver, may occafion a difference of 40 percent, or more in 
the value of the wool. The finet.efs of the hair has been 
ever confidered as an important quality fince the clothing 
manufacture emerged from its rudeft (late. Fine wool was 
formerly valued becaufe a finer thread could be fpun from 
it, and a thinner fabric made, than from the coarfer wools ; 
but fince recent mechanical improvements have been intro- 
duced into the woollen manufacture, it has been found 
practicable to fpm coarfe wools to the fame length as the 
finer wools were formerly fpun to. It is well known, how- 
ever, to cloth-manufa&urers, that whatever be the finenefs 
of the yarn, unlefs the wool be fine, it i3 impoffible to make 
a fine, compaCt, and even cloth, in which the thread fhall be 
Covered with a thick foft pile ; nor would a thin cloth 
made from coarfe wool have the fame durability or appear- 
ance as one from fine wool of equal weight per yard. Fine 
wool will, therefore, always preferve a fuperior value to 
the coarfe ; indeed it was long confidered as the principal 
and almoft the only quality deferving the attention of the 
wool-grower, the wool-ftapler, and the clothier. 

The regular finenefs of the fibre is alfo an objeCt of con- 
fiderable importance ; the lower end of the itaple, or that 
part of the fleece neareft the fkin, will fometimes be very 
fine, and the upper part coarfe. In fome fine fleeces there 
will frequently be an intermixture of long, filvery, coarfe 
hairs, and in other fine fleeces an intermixture of fhort, 
thick, opaque hairs, called kemps. When the wool is thus 
irregularly fine or intermixed, it is technically called not 
being true grown. The fine fleeces of Spain and Portugal, 
particularly of the latter country, are many of them injured 
by the intermixture of the long filvery flairs before-men- 
tioned : whether this be owing to the original Tarentine 
breed having been croffed with the coarfe-vvoolled native 
fheep of Spain, (fee the article Sheep,) and dill preserving 
a tendency to revert to their firft condition, or whether it 
be the effeCt of heat on the fkin, is uncertain. The Saxony 
fleeces, from the fame breed, removed to colder climates, 
are generally free from this defeCt. The coarfe fhort hairs, 
or kemps, are not uncommon in fome of the fine-woolled 
flocks of England and Wales, particularly thofe which are 
more expofed to the inclemencies of the weather, and have 
a fcanty or irregular fupply of food. It has been ob- 
ferved, in the firft part of the article Sheep, that in fome 
flocks the proportion of fine wool in each fleece is much 
greater than in others, for in few or none is the wool grown 
uniformly fine over the whole body. 

On the Merino fheep the fleece is more regular, whatever 
be the degree of finenefs, than on any of our native Eng- 
lifh fine-woolled breeds. The Merino fierce admits of a 
divifion into four forts, the refina , the fina, and the tercera , 
with a very minute portion of coarfe from the (hanks and 
head, which is not fent to market. The three forts are 
diltinguifhed in commerce by the marks R, F> and T. 
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On the average, there will be in each fleece nearly three- 
fourths of the beft or R wool. The fecond and third forts, 
or the F and T, will alfo contain a confiderable portion as 
fine as the beft ; but being fhorter and difcoloured, or in- 
termixed with coarfe hairs, which require their locks to be 
feparated from the beft fort, or the refina. 

In the native Englifh fleeces, however fine fome part may 
be, the proportion of the beft fort rarely exceeds one-third 
part, and is frequently not more than one-fixth part of the 
whole fleece. 

The value of the beft part of a Spanifh fleece, or the 
R wool, varies greatly in different flocK3. When this fort, 
from the moft efteemed flocks, may be worth fix (hillings 
and fixpence per pound in the Englifh market, the R wool 
from another flock may not be worth more than three (hil- 
lings and fixpence. The F and T wools are from 25 to 
50 per cent, lower than the firft fort : thus, the inferior forts 
from the fineft piles may be of greater value than the beft 
fort or R wool of other piles ; but they are never inter- 
mixed by the dealers, as they are applicable to different 
fabrics. In the Englifh mode of wool-forting, there will 
frequently be eight or ten forts in a fingle fleece ; and if the 
beft wool of one fleece be not equal to the fineft fort, it is 
thrown to a fecond, third, or fourth, or a ftill lower fort, 
which is of an equal degree of finenefs with it. The beft 
Englifh fhort native fleeces, fuch as the fine Norfolk and 
South Down, are generally divided by the wool-fcrter into 
the following forts, varying in degree of finenefs from each 
other, vhich are called, 

Prime, 

Choice, 

Super, 

Head, 

Downright 8, 

Seconds, 

Fine abb, 

Coarfe abb, 

Livery, 

Short coarfe or breech wool. 

Befides thefe forts of white clothing wool, two and 
generally three forts of grey wool are made, confifting of 
locks which may be black, or intermixed with grey hairs. 
Some wool-forters alfo throw out any remarkably fine locks 
in the prime, and make a fmall quantity of a fuperior fort, 
which they call picklock. The origin of fome of the above 
names is obfeure, but the names of the finer forts appear to 
indicate cither a progreflive improvement in the quality 
of the wool, or in the art of wool-forting. The relative 
value of each fort varies confiderably, according to the 
greater demand for coarfe, fine, or middle cloths ; and the 
variation during and fince the late war in the Spanifh penin- 
fula has been much increafed by temporary caufes. Before 
that period, when the R wool of good Spanifh piles fold at 
from five (hillings and fixpence to fix (hillings per pound, 
the prime from Hcrefordfhire fleeces was fold at about 
three (hillings and fixpence, and that from the Norfolk and 
South Down from three (hillings to three (hillings and two- 
pence per pound. The higher price of the Herefordfhire 
was in part owing to its being in a cleaner (late. The 
Spanifh wool is alfo cleaner than any of the Englifh wools, 
being fcoured after it is {horn ; but the latter is only im- 
perft&ly wafhed on the fhee;>, previoufly to its being morn. 
A pack of Englifh clothing wool of 240 pounds weight, 
in its marketable fiate, will wafle about 70 pounds in the 
procefs of the manufacture : the fame quantity of Spanifh 
wool, as fent to market, will not wafte more than 48 pounds 
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on die average. Thia contributes to enhance the difference 
between die prices of each, as well as the fuperior finenefs 
of the latter. 

Different wool-forters make a confiderable variation in 
their modes of forting the fame kind of fleeces : fome divide 
them into more forts than others ; but the following table 
will (hew what may be taken as the average relative value of 
each fort, when the prime is worth about three {hillings and 
two-pence per pound, and may ferve to (hew the (kill re- 
quired to eftimate the value of fine Englifh wool in the 
fleece. 


Prime 


3 

d. 

0 

to 

s. 

3 

d . 
4 

Choice 


2 

4 

to 

2 

8 

Super 


2 

0 

to 

2 

2 

Head 


1 

8 

to 

1 

10 

Downright 3 


1 

5 

to 

I 

6 

Seconds 


1 

3 

to 

I 

4 

Fine abb 


1 

0 

to 

1 

1 

Coarfe ditto 


0 

9 

to 

0 

10 

Livery 


0 

8 

to 

0 

10 

Short coarfe 

- 

0 

7 

to 

0 

8 


The demand for coarfe woollen goods having greatly 
increafed of late, the prices of the lower forts are confider- 
ably advanced from the above-dated prices, and are at pre- 
fent as under : 

*. d . 

Short coarfe - 14 

Livery - 15 

Fine abb - 16 

Seconds - - 17 

DownrighU - » ^8 pound mLondon . 

Super - - 20 

Choice - - 22 

Prime - - 2 6 

Picklock - 30 

The Softnefs of fine clothing Wool is next in importance to 
the finenefs of the fibre, though it has been too little at- 
tended to in the culture of Englifh wool. This quality is 
not dependent on the finenefs of the fibre ; it confifts in the 
peculiar feel which approaches to that of filk or down, but 
in which the wool of all European fheep is inferior to that 
of Eaftern Afia, or to the wool of the vicunna, or lama of 
Peru and Chili. In foreign European wools there are differ- 
ent degrees of this property, where the fibre is equally fine. 
In our native Englifh wools, the like difference exifts be- 
tween the foftnefs of wool poffeffing the fame degree of fine- 
nefs, but grown in different diftrifts. In the harder wool, 
the fibre is elaftic and hard to the touch, and cloth made 
from it has the fame harfh feel 5 it is alfo more loofe in its 
texture, and the furface of the thread is generally more bare. 
The difference in the value of cloth from two kinds of wool, 
equally fine, but one diftinguifhed for its foftnefs, and the 
other for the contrary quality, is fuch, that with the fame 
procefs and expence of manufacture, the one will make a 
cloth more valuable than the other from twenty to twenty- 
fivtper cent* 

Though the Englifh woollen manufactures had been car- 
ried on for fo long a period, the caufe of this difference in 
cloths made from wool equally fine was but very imperfeCtly 
known rill the prefect century. Mr. Robert Bakewell, then 
of Wakefield in Yorkfhire, firft directed the attention of 
wool-growers and manufacturers to this fubjeft, in a work, 
entitled “ Obfervarions on the Influence of Soil and Climate 
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on Wool.” The reafon why the manufacturers remained 
fo long ignorant refpeCting it arofe, he obferved, from 
the manner in which the woollen-trade had been carried 
on in Yorkfhire, the great feat of the manufacture ot 
Englifh clothing-wool, the divifion of employment there 
not permitting the wool-dealer, or even the clothier, to 
witnefs the final refult of the procefs. The wool-buyer 
in the diitant counties, and the wool-forter, who divided the 
fleece, were equally unacquainted with the cloth manufac- 
ture. The Yorkfhire clothier fold his goodrin an undreffed, 
and often in an undyed flate ; they were bought and finifhed 
by the cloth merchant, who was formerly unacquainted with 
the previous proceffes of the manufacture, or the qualities of 
wool. In a promifeuous lot of undreffed cloth bought at 
the fame price, and apparently of the fame quality in the 
rough ftate, if fome pieces were finifhed much better and 
fofter than others, it was attributed to lucky chance, the 
patron divinity of the ignorant. Mr. Bakewell proved that 
the hardnefs of Englifh wools does not depend on the nature 
of the food, or even entirely on the breed ; it is the effeCt 
of the foil afting on the furface of the fleece. The wools 
from chalk didriftB, or light dry calcareous foils, have the 
natural yolk or moifture abforbed by the particles of cal- 
careous earth that penetrate the fleece, and the wool is 
thereby rendered hard. The fame effeft is produced on a 
fkin where lime is ufed 5 it may alfo be produced by keeping 
wool for a longer or fhorter time in a dry hot temperature ; 
and when wool has been fo dried, no procefs will reftore to 
it its pridine foftnefs. On the contrary, wools grown on 
rich loamy argillaceous foils are always diftinguifhed for 
their foftnefs. The quantity of greafe or yolk in the fleece 
has a confiderable degree of influence on the foftnefs of 
Merino wool, the pile being fo clofe as in a confiderable de- 
gree to prevent the earthy particles from penetrating the 
neece ; but in all Englifh fleeces the wool is grown thinner 
on the fkin, and admits the more eafy accefs of the abforbent 
particles. Expofure to the direft rays of a fummer fun has 
alfo a tendency to injure the foft auality of the wool. We 
fhall have occafion to refer to the methods recommended 
by Mr. Bakewell to improve the foftnefs of wool on foils 
naturally unfavourable to its growth. 

Of fine European wools, the Saxony generally poffeffes a 
greater degree of foftnefs than the Spanifh, which we believe 
to be owing to the fheep being lefs expofed to the aftion of 
light and heat. The native fine Italian wool, before the in- 
troduction of the Merino race, poffeffed a confiderable 
degree of foftnefs, judging from wools which we have feen 
from thence, but they were deficient in foundnefs, and not 
true grown. The wools on the chalk foils in the fouthem 
and eaftern fide of England are generally hard, except, as in 
Kent, where the chalk is covered by thick argillaceous 
beds. Nottingham foreft, Chamwood foreft in Leicefter- 
fhire, and fome parts of Shropfhire, produced not the fineft, 
but fome of the fofteft wools in England before the late in- 
clofures. The Cheviot hills in Cumberland are not 
paflured by the fineft-woolled Englifh fheep, but their 
fleeces poffefs a degree of foftnefs exceeding any from the 
other did rifts of England, and they are rendered foft by 
artificial means, which we fhall deferibe. It is ilill fome- 
what uncertain, whether there are two diftinft breeds of 
fheep, from which the fine fhawl wool of India are grown ; 
or whether one fpecies of the animal which yields it is not 
to be claffed with the goat. The fleeces from India, which 
we have feen, are grown on a very fmall fheep ; clofe to the 
(kin, there is a wool as foft as the fofteft fur; this is covered 
by long coarfe hairs growing through it. When the wool 
is once fborn, the reparation of thefe hairs from the foft 
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wool is a work of extreme difficulty ; but on the back of 
the (beep we believe the reparation can be made with great 
eafe. The foftnefs of the Indian wool is not even diftantly 
approached in the very fofteft Merino fleeces from Saxony 
and Spain ; this may be proved by comparing the fineft 
caffimere cloth from Saxony wool, with the fhawls or (bawl- 
cloth oT India. The ancient Tarentine fheep, called by 
way of excellence 4 molics oves,* were treated with pecu- 
liar care by the Romans, and clothed in fkins, which we 
believe was intended to preferve the foftnefs of the wool, as it 
is ftill pra&ifed in fome parts of Afia for that purpofe. In 
Europe no experiments have been made direftly to improve 
the foftnefs of wool, though wool approaching in foftnefs 
to that of India would be a moli valuable acquifition to 
our manufa&ures. To be convinced of this, it need only 
l>e Hated, that the yarn from Indian wool has been fold 
here at three guineas per pound, not on account of the 
fuperior fineneis of the fpinning, but for the foftnefs of the 
wool. For coarfe goods, indeed, fuch as blankets, car- 
pets, and cloths called duffields, raifed with a hairy pile, a 
confiderable degree of hardnefs or elallicity of the fibre is 
an advantage ; but in all the finer articles of the woollen or 
worded manufacture, the oppofite quality is of great 
value. 

The felting property of wool is intimately conne&ed 
with its foftnefs, the fofteft wools having the greateft ten- 
dency to felt, and the hard wools are all defective in this 
refpedt. The felting property appears to depend on a 
peculiar ftrudture of the furface of the fibres, by which they 
are difpofed to move in one direction more cafily than 
another. This is perceptible in drawing a hair through the 
fingers, firft from the end to the point, and again from the 
point to the end ; in one direction the hair feels perfectly 
fmooth, in the other direction a peculiar roughnefs is felt. 
The caufe of this is fuppofed to be owing to the furface of 
the fibres having laminae, like the feales of fifhes, with the 
edges laid over each other. Indeed in the furs of fome 
animals we have obferved with a powerful microfcope, that 
the furface is compofed of laminae laid over each other, 
refembling the arrangement of the leaves of the artichoke. 
On this property the procefs of hat-making depends ; the 
ftiort fibres of the fur being repeatedly comprefled, move 
and interlock with each other, fo as to form a compaCt fub- 
ftance ; this motion is further aided by heat and moifture. 
A fimilar procefs takes place to a certain degree in cloth 
fubje&ed to the ftrokes of a fulling-mill ; the fibres cohere, 
and the piece contra&s in length and breadth, and its tex- 
ture is rendered more compad and uniform. This procefa 
is eflential to the beauty and ftrength of woollen cloth ; and 
it is obferved, that the fofter wools felt in much lefs time 
than the harder, and form a clofer pile on the furface of the 
cloth, on which account it is a common pra&icc to mix a 
certain quantity of foft wool with the hard, to enable the 
former to felt with more facility. 

The length and foundnefs of the ftaple of clothing wool is 
the quality next to be confidered. By the ftaple of wool is 
meant the feparate locks into which the fleece naturally 
divides in the fkin, each lock confiding of a certain number 
of fibres, which collectively are called the ftaple. 

The beft length of ftaple for fine clothing-wool, if found, 
is from two to three inches. If it be longer it requires 
breaking down to prepare it for the procefs of carding. 
Saxony wool, being generally more tender than the Spanim, 
and more eafily broken down, is fometimes four or five 
inches long ; but as it works down eafily, it is preferred, on 
account of the length of its ftaple, for fuch goods which 
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require fine fpinning, as caffimeres, pelifTc cloth, and fhawls, 
Much of the Englifh clothing-wool of a middle quality 
is grown longer than is defirable for the purpofe of the 
clothier, and when found is thrown out for the hofiery 
trade, if the demand for the latter be great. As the grower 
could not fhorten the length of the ftaple without diminifhing 
the weight of the fleece, he has no motive to induce him to 
grow fhorter wool ; but the object might be obtained with 
much benefit to himfelf by {hearing twice in the year, once 
the latter end of April, and again the latter end of Auguft j 
the wool would then be grown of a fuitable length for the 
card, and from experiments that have been made we believe 
the weight would exceed what can be obtained from one clip : 
the increafe would not be lefs than fifteen per cent.y and 
the condition of the fheep thereby improved. 

The foundnefs of the ftaple in clothing-wools is not fo 
important as in combing-wools ; but for iomc kinds of co- 
lours which injure the wool, it is particularly defirable that 
the fibre fhould be found and ftrong ; this is judged of by 
drawing out the ftaple and pulling it by both ends. The 
foundnefs and ftrength of the ftaple depend primarily on 
the healthy ftatc of the animal, and on a fufficicnt fupply of 
food. The ftaple on fome parts of the fleece will always be 
more tender than on other parts, but by mixture they tend 
to form a denfc pile on the furface of the cloth. 

The colour of the fleece fhould always approach as much 
as poflible to the pureft white, bccaufe fuch wool is not only 
neceflary for cloths drefl'ed white, but for all cloths to be 
dyed bright colours, for which a clear white ground is re- 
quired, to give a due degree of richnefs and luftre. It is 
probable that all fhecpVwool was firft of a black or 
reddifh colour : the latter is often referred to by the ancients. 
Before the invention of dyeing, coloured wool muft have 
had a preference to white ; but after the a& of communi- 
cating beautiful colours to the fleece, white wool would be 
in the greateft demand, and thofe fheep which had white 
fleeces would be fele&ed to breed from. The molt ancient 
flocks of fheep which we have any record of are thofe of La- 
ban and Jacob, deferibed in the book of Genefis. The fleeces 
appear to have been principally brown, or fpotted and ftriped, 
which was in all probability the general colour of the flocks 
throughout that part of Afia. We learn that in the courfe 
of twenty years a great change was effected in the colour of 
a large portion of the fheep of Laban: though Jacob ap- 
pears to have concealed from his father-in-law the method 
by which thi6 change was effedted, we are exprefsly told in 
the fequel that it was by croffing with rams which had fleeces 
of the colours required. 

Dark-brown or black woolled fheep are not uncommon in 
many parts of the European flocks, but fuch wool being 
of lefs value than the white, thefe fheep ought always to be 
expelled. Some of the Englifh fine-woolled fheep, as the 
Norfolk and South-Down, have black or grey faces and 
legs. In all fuch fheep there is a tendency to grow grey 
wool on fome part of the body, or to produce lome grey 
fibres intermixed with the fleece, which renders the wool 
unfit for many kinds of white goods ; for though the black 
hairs may be too few or minute to be detedted by the vool- 
forter, yet when the cloth is ftoved they will become vifible, 
forming reddifh fpots, by which its appearance is much in- 
jured. The Herefordfhire fheep, which have white faces, 
are entirely free from this defedl, and yield a fleece without 
any admixture of grey hairs. We have no doubt that by 
carefully rejedting thofe fheep from the South-Down flocks, 
in which the grey is moft apparent, this defedt might be 
gradually removed. It is particularly defirable with refpedt 
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tr> thefe (Keep, as the wool grown on chalk foils, though 
lefs foft than on other foils, is generally whiter, and better 
fuited to fuch goods which require the procefs of bleaching 
or ftoving, and do not require to be fo much fulled as many 
other cloths. 

The ancients were fo well aware of the neceflky of ex- 
pelling dark-coloured wool from their flocks, that in feleft- 
ing the (Keep to breed from, they did not trull to the colour 
of the fleece alone, but carefully examined the mouth and 
tongue of the ram, and if the lcaft blacknefs or fwarthinefs 
appeared he was immediately rejefted; and though fome 
moderns have* doubted the ufc of this precaution, we believe 
it was well founded. 

“ Ilium autem, quamvis aries fit candidus ipfe, 

Nigra fubeft udo tantum cui lingua palato, 

Rejice, ne maculis infufeet vcllera pullis 
Nafcqntcm.” Vir. Georg, iii. 

Pliny alfo Hates, that particular attention was on this 
account had to the colour of the mouth. u Arictum maxi- 
ma fpeftantur ora.” We are informed that this kind of 
infpeftion takes place in the Spanifh flocks at prefent, a 
praftice in all probability derived from the Roman fhep- 
herds, as we believe the flock to have been from thofe of 
Italy, or th^ Tarentine breed. The colour of the foil on 
which ftieep graze, if very dark or red, communicates to 
the wool a tint more or lefs ftrong, which is indelible, and 
renders fuch wool lefs proper for cloths or hofiery goods 
that are to be finifhed white ; for though the colour may be 
improved by ftoving, yet on wafliing the cloths, they foon 
return to a brownifli or yellowifli tint. The tint from 
the foil is, however, rarely of fufficient ftrength to be re- 
garded for dyed goods, excepting for exceedingly light 
colours. 

The cleannefs of wool is principally regarded by the pur- 
chafer, as it affefts the weight. To the grower thofe fleeces 
are generally the moft profitable that are well filled with 
the greafe, or yolk as it is called, becaufe it keeps the wool 
in a found ftate, and improves its foftnefs. It ought, how- 
ever, to be wafhed out as much as poflible before it is ex- 
pofed to fale. The fleeces of the Merino fheep are more 
plentifully fupplied with yolk than thofe of any of our 
native fine-woolled breeds ; indeed it is fo abundant, that 
the Englifli mode of wafhing on the back of the fheep will 
fcarcely produce any effeft upon the fleece. The yolk or 
greafe in the fleece appearb, from the experiments made 
upon it by M. Vauquelin, to be a native foap, confiding 
principally of animal oil combined with potafh. It is moft 
copioully produced in thofe breeds which grow the fineft 
and fofteft wool, and is always moft abundant on thofe parts 
of the animal which yield the fineft parts of the fleece. To 
this fubjeft we fhall again refer in treating of the improve- 
ment of wool. This yolk, though fo beneficial to the wool 
in a growing ftate, becomes injurious to it when fhorn ; for 
if the fleeces remain piled in an unwafhed ftate, a ferment- 
ation takes place, the yolk becomes hard, and the fibre is 
rendered hard and brittle. This effeft takes place more 
rapidly in hot weather. The Spaniards remove this yolk in 
a great meafure by wafhing the wool after it is fhorn and 
forted. In Saxony fine-woolled fheep of the fame race are 
wafhed in tubs with warm water, foap-lees, and urine, and 
afterwards in clean water. 

In England the wool is wafhed on the back of the fheep 
by immerging the animal in water, and fqueezing the fleece 
with the hand. From thefe different modes of wafhing, the 
wool is left more or lefs pure. Mr. Bake well, in his Ob- 


servations on the Influence of Soil and Climate on Wool, has 
given the {allowing table, containing a ftatement of the quan- 
tity of neat wool in every hundred pounds, taken on an 
average of each fort, and fuppofing each to be free from 
lumps of pitch employed in marking the wool, and cleared 
from what are called the dog*locts % The fir ft column repre- 
sents the average weight after the wool has been fcoured 
perfectly clean with foap and water, and dried j the fecond 
the amount of wafte. 


Pure Wool. 

I oo lbs. of Englifh wool wafhed on the ] 
fheep’s back - ■ 

Ditto Saxony fleece-wool 
Ditto Spanifh R, or refine 
Ditto Spanifh and Portugal unwafhed - 
Ditto Englifh fleeces unwafhed - 
Ditto lightly greafed wools of Northum-1 ^ 
berland wafhed on the fheep’s back j ^ 


*}» 

- 80 

- 88 

75 
6o 


Wafte. 

25 

20 

12 

55 

40 

35 


Hence it is obvious, that the ftate of the fleece with 
refpeft to cleannefs is an objeft of great importance to the 
wool-buyer. The Englifh Merino fheep, from the diffi- 
culty of wafhing the wool on the fheep’s back, have ge- 
nerally been fhorn in an unwafhed ftate, and the wool 
offered for fale in this ftate. The purchafers were fre- 
quently unacquainted with the great amount of the lofs it 
would fuffer by wafliing, and were much difappointed at 
the refult. This circum (lance, we conceive, more than any 
other, tended to prejudice the manufacturer againft the 
Anglo-Merino wool. The wool is alfo injured by remain- 
ing in the greafe, as we have before ftated, and though this 
lias been contradifted, we have no hefitation in afferting the 
faft from our own experience. Indeed the French manu- 
facturers of fine cloth affert, that the beft wools from Spain, 
though cleared in a great meafure from the yolk, yet Hill retain 
fufficient to injure the wool if it be fuffered to grow old when 
it is packed, the yolk becoming rancid and hard, and commu- 
nicating the latter property to the wool. We have frequently 
obferved this effeft in the wools from Portugal, that retain 
a greater portion of the yolk than thofe from Spain. 

After wool has been wafhed in the ufual manner prac- 
tifed in England, and piled or packed, a certain procefs 
takes place in eight or nine weeks, called /wearing. This 
is well known to wool-dealers and manufafturers, but has not 
been before noticed by any writer that we are acquainted with. 
It is evidently an incipient fermentation of the remaining 
yolk ; and the inner part of the pack or pile becomes fen- 
fibly warm. This procefs produces a certain change in the 
wool, whereby it becomes in a better condition for manu- 
facturing, being what is called in the north of England lefs 
fuzzy. This effeft refults from a diminution of the natural 
elafticity of the fibre. 

When this fermentation takes place in unwafhed wool, it 
proceeds farther, and injures the colour and foundnefs of the 
itaple or fibre. A fimilar effeft is produced in wool or 
cloth which has been oiled, and remains fome time in an un- 
fcoured ftate. Inftances of fpontaneous combuftion from 
heaps of refufe wool remaining in a greafy ftate have been 
known to occur, and occafion the moft ferious accidents in 
woollen faftorie6. 

The weight of the fleece is an objeft of great import- 
ance to the grower. It i6 generally fuppofed by the Eng- 
lifh wool-dealers, that an increafe of weight implied an in- 
creafe of coarfenefs ; indeed the words coarfe and heavy are 
confidered by them as fynonymous, but this is not abfolutely 
xo 
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the cafe 5 a fleece grown upon the fame animal may be in* 
creafed in weight either by the fibres becoming coarfer, or 
by their being grown longer, or by a greater number of 
fibres being grown in the Tame fkin. To the wool* grower 
it can never anfwer to increafe the weight of the fleece on 
fmall fine-woolled fheep, by growing the wool coarfer ; if 
this be his objefk, the long. woolled creeds of fheep are to 
be preferred. He may produce wool fomewhat longer by 
increafing the quantity of food ; but it generally lofes fome- 
thing of its finenefs, and is lefs fuitable for the cloth trade. 
He may, however, increafe the weight confiderably by fe- 
le&ing fuch breeds as grow the wool clofe upon tne fkin, 
and are thickly covered with wool over every part of the 
body. In this refpeft, the Merino fheep have greatly the 
advantage over any of the native breeds of Englifh fheep ; 
many ofthem yielding from three to four poundsof pure wool, 
whilft the fineft Englifh fleeces rarely exceed two pounds, and 
would lofe one-fourth of this weight when brought to a pure 
ftate by fcouring. It has been doubted whether all fhcep’s- 
wool, when clean, pofTefTes the fame fpccific gravity ; but ad- 
mitting there may be fome variation in the wool from different 
piles, we conceive that it is too minute to deferve the atten- 
tion of the wool-grower or ma»ufa6lurer. 

The filaments of fine wool being fo minute, it requires 
an eye habituated by long experience to appreciate the re- 
lative finenefs of two piles, which may differ in value as 
much as twenty-five per cent . Even thofe who have been 
long pra&ifcd in fuch examinations find it difficult to form 
immediately a correct opinion of the finenefs, if they are 
removed for a few weeks from all opportunity of viewing 
wool. It is not furprifing then that the wool-grower, who 
only dire&s his attention to the fubje& during one part of 
the year, fhould often be unable to judge whether his wool 
has improved or not fince the preceding fummer. On this 
account it would be highly defirable that fome eafy and 
correct method of admeafurement by the micrometer xould 
be invented, which might enable the obferver to decide this 
with certainty. Mr. Daubenton employed a graduated 
fcale, adapting it to the eye-piece of a compound micro- 
fcope ; but his method does not admit of accuracy. Mr. 
Luccock made ufe of a more fimple inftrument, which 
we have feen ; it confiiled of a lens about half an inch 
in focal length, adjufted to a graduated fcale. On this 
fcale a number of fibres were ftretched and compreffed 
by a Aider and ferew into a given fpace ; the filaments 
covering this fpace were then counted by the aid of the 
lens, and a number of admeafurements being taken of 
the fame fort, the mean of the whole was iuppofed to 
give the correct diameter of the filament. In this me- 
thod, however, fome of the filaments muft unavoidably 
overlap part of the others, on which account a greater num- 
ber will be feen in a given fpace than there would be were 
the whole diameter of each fibre vifible. The error refult- 
ing from this may be ftated at one-fifth. Thus Mr. Luccock 
makes the beft Englifh wool to meafure the four teen - 
hundredth part of an inch, which is finer than the beft 
Spanifli, as meafured by Dr. Parry, by a more accurate 
but more laborious method. According to Mr. Luccock, a 
fample of moderately fine Spanifli wool reached to the 
fixteen-hundredth part of an inch ; according to Dr. Parry, 
the very beft Spanifli is not fmaller than the fourteen- 
hundredth part of an inch. 

With the above dedu&ion of one-fifth, which we believe 
to be a near approximation to corre&nefs, the diameter of 
the fibres of the beft EnglifR wool, as forted in the ufual 
method, will be nearly as follows : 
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The method of meafurement adopted by Mr. Luccock 
might be fufficiently correft with the dedu&ion of one-fifth, 
were the inftrument always ufed by the fame perfon, and a 
fimilar degree of preffure given in ea 'h experiment ; but a9 
thia is required, it becomes uncertain in its rcfults, and 
inadequate to pra&ical purpofes. 

Dr. Parry’s method of meafurement is effected with an 
inftrument fimilar in principle to the lamp micrometer of Dr. 
Herfchel, of which an account is publiftied in the Philosophi- 
cal Tranfa&ions for 1782. ( See Micro*. t ter. ) A ti object 
of a known diameter being placed in the focus of a compound 
microfcope, and ftrongly illuminated, a piece of white paper 
is placed horizontally at fome diftance beneath it ; then 
looking through the microfcope with one eye, and keeping 
the other fteadily open, you will fee the objedfc apparently 
projected on the paper, which is to be meafured, whilft 
viewing it, with a pair of compaffes. Divide the length of 
the image fo meafured with the known diameter of the ob- 
je&, which will give the magnifying power of the micro- 
fcope. This being found, place the obje& you wifli to 
meafure in the focus, and proje&ing its image on the paper 
as before, meafure it with the compaffes, and divide the re- 
fult by the magnifying power, which will be the real mag- 
nitude of the objedt required. 

The light of a lamp is to be preferred to day-light, and 
the fibres to be mpafured are to be fir etched on a glafs, and 
waxed down at both ends. The under fide of the glaf9 
fhould be blackened with Indian ink, except in three parts, 
the middle, and near the two ends. The unblackened lpaces 
being placed in the focus of the microfcope, ten or more 
filaments may be examined and meafured fucceffively, bot.h 
in the middle part of the glafs, and near the ends, which 
will give the diameter of the filament at the upper and lower 
end of the ftaple, and in the middle. Each lock of ten 
filaments being thus examined in three different parts, the 
mean of the three meafurements muft be taken for the mean 
diameter of each filament, and the mean diameter of the 
ten filaments may be taken for the finenefs of the whole 
lock. 

In place of the blackened glafs, we would recommend a 
thin Aide of ivory or brafs, about five inches in length, 
and half an inch in breadth, with three tranfvcrfe Aits or 
openings, one in the middle, and the two others about 
three-fourths of an inch from each end. On this Aide the 
filaments may be ftretched, it will not be liable to break, and 
the edges of the filaments will be more corre&ly defined 
than when a plate of glafs is placed under them. 

The farther the paper is removed from the eye, the larger 
will be the apparent fpace covered by the image of the 
obje&, but it muft not be too far for the hand to meafure it 
with compaffes. But if in place of the compaffes we have 
a Iheet of pafteboard graduated into minute divifions from a 
black line upwards, and a Aiding index be adjufted, the 
pafteboard may be placed at a much greater diftance, the 
obferver adjusting the Aide, until the edge of it and the 
black line coincide with both edges of the filament. An 
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horizontal pofition for the microfcope will be the moll con- 
venient, illuminating the objeft with a lamp and lens. In 
this way, the apparent diameter may be greatly increafed, 
and we think the obfervations might be made with greater 
eafe and accuracy. 

By the above method the diameter of very minute fila- 
ments may be ascertained, and minute differences detected, 
which the unaffilted eye is unable to dete&. We are aware, 
however, that it requires fome addrefs and time to enable 
the obferver to manage the inftrument, on which account it 
cannot, we fear, be made generally ufeful. 

The following admeasurements of different fine wools 
were taken with Dr. Parry’s inftrument 5 the firft column 
reprefents the outward end of the filament, the fecond 
the middle, and the third the bottom, in fra&ional parts of 
an inch ; the latter column the mean of ten filaments of 
the fame wool. 


Table of comparative Diameters of the Filaments of 
various Clothing Wools, by Dr. Parry. 
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Long Wool, or Combing Wool, being prepared for fpinning 
by a procefs entirely different from that of fhort or clothing 
wool, and the pieces made from it being finifhed in a very 
different manner, the qualities mofl required in this kind of 
wool are length and foundnefs of the ftaple, without which 
the fleece is unfuited for the comb. The finenefs of the 
hair is a fecondary quality, required only in certain kinds of 
goods. The wool-comb is an inftrument of Ample con- 
ftru&ion, confifting of a wooden handle, with a tranfverfe 
piece or head, in which are inferted three rows of long fteel 
teeth. The wool, which is to be combed after being clean 
fcoured, dried, and oiled, is firft drawn upon thefe teeth 
with the hand, until the comb is fufficiently loaded. It is 
then placed on the knee of the comber, and another comb of 
a fimilar kind is drawn through it, and the operation is re- 
peated till all the hairs or fibres are combed fmooth in one 
dire&ion. This operation requires confiderable ftrength, 
but the comb being previoufly heated, and the wool tho- 
.roughly oiled, facilitates the procefs. When completed the 
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combed wool is drawn off with the fingers, forming what 10 
called a Jliver ; the fhorter part of the wool fticks in the 
teeth of the comb, and is called the noyh this is fold to the 
clothiers. 

From the above defeription, it is evident that if the ftaple 
of the wool be not found, the greater part of it will be 
broken by the procefs of combing, and form noyls. The 
ftaple muft alfo have a fufficient degree of length for the 
combs to operate upon it. Length and foundnefs of the 
ftaple are therefore the moft eflential and chara&eriftic qua- 
lities of combing-woob. 

Long wools may be claffed into two kinds : firft, thofe 
fuited For the manufa&ure of hard yarn for worfted pieces 5 
and fecond, thofe fuited for the manufa&ure of foft yarn 
ufed for hoficry. The former require a greater length of 
ftaple than the latter. The firft may therefore be called 
long combing-wool, and the latter fhort combing-wool ; 
between theie there are gradations of wool, which may be 
applied to either purpofe. 

Long combing-wool fhould have the ftaple from fix 
inches to eight, ten, or even twelve, in length. Before the 
recent improvements in fpinning by machinery, a very great 
length of ftaple was confidered as an excellence in long 
combing-wools ; and on this account the hog-wool, or the 
firft fleeces from (beep which had not been (horn when 
lambs, was more valuable than the wether wool from the 
fame flock, and bore a higher price than the former, by at 
leaft fifteen per cent. Since that time the wether wool has 
rifen in relative value on account of the evennefs of the 
ftaple, each lock being nearly equally thick at both ends; 
but the ftaple of hog-wool is pointed, or what is technically 
called fpirey . Eight inches, if the wool be found, may be 
regarded as a very proper length for heavy combing-wools. 
The longer ftapled wool was formerly worked by itfelf, 
and ufed for the finer fpun yarn, or mixed in fmall 
quantities with the wether wool, to improve the fpinning. 
It is found that an equal length of ftaple contributes to the 
evennefs of the thread when fpun by machinery, and a very 
great length of ftaple is rather injurious than otherwife in 
the procefs of machine fpinning. To the wool-grower, 
however, it muft always be defirable to increafe the length 
of his heavy combing fleeces, as he thereby materially in- 
crcafes the weight ; and we have not yet learned that the 
price has ever been reduced on this account, for if the wool 
be too long for fome branches of the worfted manufa&ure, 
there are others in which it may be worked with advantage. 

The length of the ftaple may be increafed by a plentiful 
fupply of nutritious food. The fame effe& may alfo be 
produced by letting the wool remain a longer time on the 
(beep before it is (horn. We have feen a ftaple of Lincoln- 
ihire wool which was twenty inches in length : it had grown 
two years without {hearing. This, however, would be un- 
attended with any advantage to the grower. The more 
frequently fheep are fhorn, provided the wool is fufficiently 
long, the greater will be the weight grown in a given time 
on the fame animal ; for, from obfervations which we have 
made, we are fatisfied that wool is grown more rapidly inw 
mediately after the fheep are fhorn than at any other time. 
Length of ftaple in wool depends primarily on the breed, 
but may be more affe&ed by culture than many other quali- 
ties of the fleece. The foundnefs of the ftaple may be eafily 
judged of by pulling both ends of it with the fingers witn 
confiderable force. In weak or unfound wool the ftaple 
eafily breaks in one or more parts, and on obferving it, it 
will be feen that the fibres are much thinner in the part 
which breaks. This is occafioned either by a deficient fup- 
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ply of food, by difeafe, or by inclement felons, which 
caufe a ftoppage in the growth of the fleece. This goes on 
to a greater or lefs degree. In fome inftances, the ftoppage 
has been fo entire that the upper part of the ftaple is nearly 
feparated from the lower, and is only conneded with it by 
a few filaments : in fuch cafes, the ftoppage has continued 
for a confiderablc time, and the bottom part of the ftaple 
may be confidcred as a new fleece, protruding the old one 
from the (kin. Conneded with the foundnefs of wool, 
there is another property required ; this is, that the ftaple be 
free and open, or that the fibres (hall not be matted or 
felted together ; an effeft which takes place frequently when 
the wool is unfound. It is in fad a natural felting of the 
wool on the back of the animal, when by any caufe it has 
ceafed to grow. Sometimes the lower part of the fleece 
next the Ikin will be fo completely matted as to form a fub- 
ftance nearly as hard as a hat, and will hold to the fkin by a 
few hairs only. Thefe are called cotted fleeces; all ap- 
proach to this Hate is peculiarly injurious to combing-wools. 
The wool-buyers generally throw out the cottcd and un- 
found fleeces when they pack the wool from the grower, and 
buy them at a very reduced price. The foftnefs of combing- 
wool, though of lefs importance than in clothing-wool, yet 
enhances its value, as it is found that fuch wool makes a 
clofer and fofter thread, and in every procefs of the manu- 
fafture finiflics more kindly. Combing-wools grown on light 
calcareous foils are deficient in this refpeCt ; fuch are the 
combing-wools of Oxfordfliirc and the Cotfwold hills, 
which are formed of that foccies of lime-ftone called oolite, 
or roe-done. A copious lupply of the yolk is neceflary to 
the healthy condition of the fleece, and as this in many 
flocks is nearly equal in weight to the wool, the fleeces 
contain from fix to eight pounds or more of it before 
they are waflied, for in the unwafhed Hate they often weigh 
eighteen pounds in many of the long-woolled flocks in 
England. 

The whitenefs of the fleece is lefs important in the long 
combing than in clothing wool, provided it be free from 
grey hairs. The latter circumftancc does not frequently 
occur in combing-wools. There is, however, a peculiar 
colour communicated by the foil, which is fometimes fo 
deep as to injure the wool for particular ufes, and what is of 
more importance, there is a dingy-brown colour given to the 
fleece by impoveriflied keeping or difeafe, which is called a 
•winter Jlain ; it is a furc indication that the wool is not in a 
thoroughly found Hate, and fuch fleeces are carefully thrown 
out by thc wool-forter, being only fuited for thofc goods 
which arc to be dyed dark colours. 

The finenefs of heavy combing-wool is of lefs importance 
than the other qualities. In every fleece of this kind there 
will be a certain fmall portion of fhort clothing-wool on the 
(hanks, the belly, the throat, and the buttocks. The 
clothing-wool from fuch fleeces is not often divided into 
more than two or three low forts, and the combing-wool i6 
feldom thrown into more than four forts, that is, two forts 
of t :ie hog-wool, and two forts of the wether-wool, of 
whici three -fourths, if the fleece be good, will form the 
beft iort in each. 

There is, however, a fine long combing-wool which is re- 

S uired for bombazines and the finer kinds of worded goods ; 

lis is moft frequently feledted from the longer parts of 
clothing fleeces, and admits a divifion into four or five 
forts, Uic fineft being equal in hair to that of the head or 
f uper in clothing-wool ; whereas the bell fort of the com- 
mon heavy combing-wools feldom ranges higher in point of 
finenefs than the coarfeft fort of clothing-wool above the 
breech locks ; viz. the low abb and the livery. 


ShorL combing or heiiery wool requires a different length 
of ffaple, according to its fineuefb : for the better forts, 
the ftaple fhould not be (horter than four or five inches ; the 
lower forts may range as high as eight inches. A greater 
length than this is not defirable for any kind of foft worited. 
What has been faid of the foundnefs and iinenefs of ftaple 
required for long combing-wool, applies equally to the 
hofiery wool, but in this the iinenefs of the hair and foftnefs 
are of more importance. Moft of the fleeces which yield 
fine combing-wool produce nearly an equal quantity of lhort 
wool, which is thrown in the fame manner as the regular 
clothing forts. The combing forts for the hofiery arc gene- 
rally called, 

Super matching, 

Fine matching, 

Fine drawing, 

Altered drawing, 

Brown drawing, 

Saycaft. 

The names of thefe forts derive their origin from ancient 
procefTcs of the manufacture, with which we are unac- 
quainted at prefent. The lower fort, or faycaft, was pro- 
bably at fir fl the long coarfe combing-wool, thrown out for 
the manufacture of lays, of which we have frequent men- 
tion in the earlieft hiftory of the woollen trade in England. 
The relative value of thefe forts, compared with each otlit'i, 
varies according to the demand for the finer or coarfer kind* 
of hofiery, and is alfo affeCted by the clothing trade. Wlieu 
any clothing fort which ranges in finenefs with one of tie 
combing furls is in great demand, the wool-forter will break 
down the (horter combing-wool of this fort, and throw it to 
the clothing-wool, which enhances the price of the former 
by making it fcarce. The finenefs of thefe forts out of the 
bed combing-wools, dated numerically, as compared with 
clothing forts, will be nearly as under, in the fractional 
parts of an inch. 

Super matching - - 

Fine matching - - 

Fine drawing - - T f rv 

Altered drawing - - 

Brown drawing - - 

Saycaft 

Mod of the heft forters throw out the hog combing-wool 
from the beft forts, making a fuperfine hog for the bomba- 
zine trade, hog- wool being lefs fuitable for the hofiery, 
which does not require yarn fo finely fpun as for hard yarn. 

As all the different forts of fhort combing-wool, together 
with feveral forts of clothing-wool, will frequently occur in 
one Engliih fleece, it is obvioufly the filtered of the grower 
that his fleece fhould produce a3 great a proportion of the 
bed; forts as can be done without materially diminifhing the 
weight. 

Skin Wool , or Pelt WooU is the wool feparated from the 
(kins of flaughtered fheep by the fellmonger. The quantity 
of this wool, in a country like England, where fo much ani- 
mal food is confumed, is very confiderable, and has been 
eftimated at near 50,000 packs of 24olb9. per annum , for 
England and Wales. Soon after (hearing, the fkin-wool is 
too fhort to be worked by itfelf, and is generally kept and 
mixed in with the longer wools. The procefs by which 
wool is feparated from the (kins has a tendency to make it 
hard, anil deftroy or injure its felting or milling property, 
on which account fhort-lkin wools are feldom ufed for the 
manufacture of cloth, but more generally for flannels, ferges, 
and thofe kinds of goods which require little or no milling ; 
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the fined kinds are much ufed for dockings made of 
yarn from carded wool. In the fpring, when the wool on 
the (kins has acquired a confiderable length, it is thrown 
into combing forts; the finer kinds are ufed for knitting 
hofiery yarn, and the coarfer for hard yarn for the warps 
of ferges and other goods, having a warp of combed and a 
weft of carded wool. The value of fkin -wool is fcldom 
equal to that of fleece-wool of the fame degree of length 
and finenefs, owing to the felting property being injured, 
which renders it more unfit for tne manufacture of woollen 
cloth. 

Lamb's Wool — The wool of the lamb is, with certain 
exceptions, fofter than that of fheep’s-wool, from the fame 
flocks. It poffeffes the property of felting in a remarkable 
degree, and on this account is principally manufactured into 
hats, except fkin lamb’s-wool, which lofing its felting pro- 
perty in a great degree, is employed in the manufacture of 
flannels and woollen yarn for lamb’s-wool hofiery. In the 
northern parts of Europe, the lambs of fome of the breeds 
of fheep poflefs a fleece fo delicately foft, that it con- 
ftitutes a mod valuable fur, being dreffed on the fkin, and 
ufed as a coflly article of attire. According to Pallas, the 
inhabitants of the Ukrain and Podoli, as foon as the lamb is 
dropped, ( which comes into the world with a pretty wavy 
fkin, even without the affiftance of art,) to augment its 
beauty, and make it bring a higher price, few it up in a 
fort of coarfe linen fhirt, fo as to keep up a conftant gentle 
preffure on the wool, pouring warm water over it every day 
to make it foft and flcek ; only letting out the bandage a 
little from time to time as the animal increafes in frze, but 
ftill keeping it tight enough to effeCf their purpofe, which 
is to lay the wool in beautiful glofly ringlets, and thereby 
produce a delicate fpccies of fur in great requeft for lining 
clothes and morning-gowns. By this treatment, the ftaple of 
the fine foft wool which rifes in the infancy of the lamb takes a 
handfome arrangement ; and the animal is killed younger or 
older according to the fpecies of fur intended to be pro- 
duced ; from a fhort glofly nap, like fatin, only fit from its 
thinnefs for the purpofe mentioned above, to a warm thick 
fur for a winter great-coat. The firfti of thefe furs in efti- 
mation and price is a fine black, that looks like filk damafk ; 
an inferior black fur comes next, much thicker, ufed for 
pelifles, or Jhubes> as the upper winter garb worn out of doors 
is called ; and the leafl in eftimation is the whiteft, except it 
be of a very pure colour and filky appearance, where it is a 
rival to the firfl ; efpecially for night-gowns, a very common 
drefs both morning and evening amongft the Ruffians ; par- 
ticularly in the interior parts of the empire. 

The Boucharian fheep, as deferibed by Pallas, grows a corn- 
pad, foft, and elaflic wool, which is elegantly formed into 
frizzled ringlets. In the lamb, the wool is formed into 
delicate little circular waves, as if prefled clofe to the fkin 
by art ; but when taken from the mother, or killed imme- 
diately after birth, they are Hill more beautiful, and often 
elegantly marbled with feathered waves, like filk damalk. 
Thefe three furs are the fineft and moft precious of the kind 
known to Europe and the Eaft ; they are brought to us by 
the Boucharian Tartars and Perfians, who fell them dear. 
The moft prized are, the blue , the black, and the filver grey ; 
but of the unborn lambjhtu , as the fine glofly thin furs are 
called, which fo much rcfemble filk damafk, the fine black 
is deareft and moft efteemed. To obtain thefe valuable furs, 
the Boucharian Tartars purchafe whole flocks of male lambs 
juft dropped from their mothers : as to kill a female till paft 
the age of breeding is held as a kind of crime by all Tartar 
hordes ; fuch is their reverence for an animal which confti- 
tutes their greateft riches, and the propagation and care of 
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which are the great bufinefa of their lives ; fo that all the fur 
we fee of this fpecies fold by the Tartars are from young 
rams. The Boucharians are of opinion, that art is neceflary 
to preferve thefe furs in their greateft beauty ; and under 
that idea, keep the lambs under fliades, &c. during ihe me- 
ridian ardour of the fun ; but Dr. Pallas has reafon t» think, 
that thefe precautions are ufelefs, as he obferved that the 
fame variety of fheep produced the fame fine hues equal in 
every rcfpe&, without any fort of care, in the hands of the 
Kirguite Tartars. 

It is very remarkable that the lamb’s-wool, in many of the 
Merino flocks, is coarfer than the fheep’s-wool. In fome 
of the flocks, the lambs are at firft covered with coarfe 
hair, which falls off afterwards, and they produce the fineft 
wool. 

Wool from other animals befides the fheep is employed 
in manufa&ures, and fpun and woven into fabrics of different 
kinds, either unmixed or mixed with fheep’s-wool. The 
goats of Thibet, which grow the fine fhawl wool, produce 
it as a fine down at the bottom of the long coarfe hair, with 
which the animals are covered. Many of the common goats 
in Europe grow a fimilar down, which, by cultivation, 
might become a valuable article of commerce. It is not, 
however, yet clearly afeertained, whether the fhawls and 
fhawl cloth of India are all manufa& ured from goat’s-wool ; 
part of it appears to be made from fheep’s-wool peculiarly 
foft and fine. The Angora goat grows a hair extremely 
fine and filky, which is much ufed in fome of the French 
worfled goods mixed with filk. This goat is properly a 
long-woolled animal. Dr. Andcrfon fays, that the Angora 
goat will profper and preferve its peculiarities in France 
and Sweden. The wool of the vicunna, called Vigonia wool, 
is generally of a reddifh-fawn colour ; it is peculiarly foft and 
filky, but intermixed with long coarfe hairs, which are very 
difficult to feparatc. (See Vicunna.) From the lama and 
pacos of Peru a ftronger and longer ftapled wool is obtained, 
which is fometimes white. Under a liberal government 
which prote&ed and encouraged commerce, we have no 
doubt the fleeces of thefe animals might be greatly improved, 
and would become an article of great value. The wool 
from the yak of Tartary, and the mufk ox of Hudfon’s bay, 
has yet received little attention. We have feen flocking* 
made of the latter, and which are worn in that country ; 
the wool was foft but not fine, and much intermixed with 
long coarfe hairs. 

The quantity of fheep’s-wool annually grown in England 
and Wales was eftimated, by perfons in the wool trade 
examined before the houfc of commons in the year 1B00, at 
fix hundred thoufand packs. Mr. Luccock, in his Treatife 
on Wool, feems to confider this eftimate as greatly exceed- 
ing the real amount, and has given an eftimate founded on 
the fuppofed extent of furface paftured by fheep, and the 
quantity of fheep per acre in each county. This table we 
lubjoin, as the only attempt that we know of to determine 
the queftion on certain data ; though we confider it only 
as an approximation to truth, and are inclined to believe 
that the quantity is under the real amount. Such is alfo 
the opinion of the moft intelligent perfons in the wool 
trade, whom we have had an opportunity of coufulting. 

From this table, it will appear that the total amount, in- 
cluding ikin-wool and lamb’s-wool, is fomewhat fhort of 
four hundred thoufand packs, which is probably one-fourth 
below the true quantity, could it be afeertained. Mr. 
Luccock is inclined to believe that the flocks of fheep in 
England and Wales are not fo numerous as formerly, but 
be lays thofe of Ireland and Scotland are rapidly in- 
creafing. Even in England and Wales, he fays, we have 
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more than three millions of acres capable of being improved, 
and carrying a more numerous ftock. We have two mil- 
lions of fheep whofe fleeces are fcarcely wool, and which 
might be brought to contribute their (hare to fupport the 
woollen manufa&ure, and to increafe the wealth of the 
country. 

It may be proper to remark, that the quantity of wool 
grown annually in England is more variable than is ge- 
nerally fuppofed, owing to the variable temperature of our 
climate. In long-continued and fevere winters, the (beep 
not obtaining the fame quantity of food, and being alfo ren- 
dered lefs vigorous by the cold, do not grow fo much wool 
as in milder feafons. The difference between the weight 
of the fleeces grown in fevere and in very mild feafons, 
may be ftated at one-fifth of the whole annual clip : indeed 
we believe it exceeds that proportion. About the year 
1 700, the annual value of Englifh wool was eftimated at 
two millions fterling. If we fuppofe the average price at 
that time to have been eight-pence per pound, or eight 
pounds per pack, this will make the total weight of 
wool two hundred and fifty thoufand packs. Indeed when 


we confider the improved Hate of our agriculture, the 
great increafe of our population, and of our woollen exports, 
we may fairly ftate the prefent weight of wool grown to be 
double the amount of what it was at the period referred to. 
In a fubfequent part of this article, it will be feen that the 
cloth manufaftures of Yorkfhire, principally from Englifh 
wools, have increafed eight-fold in the laft eighty years 5 and 
though the woollen manufactures have removed from fome 
other fituations, yet the great increafe on the whole in Eng- 
land cannot be doubted. Since the date of Mr. Luccock’s 
table in 1805, in confequence of the high price of long 
combing-wool, the growers have paid more attention to the 
weight of their fleeces ; and many who had rendered their 
fleeces lighter by exchanging the Lincolnfhire for the 
Leicelter breeds of fheep, have fince been reverting to the 
former breed, or rather to a mixed breed, endeavouring to 
combine the improved form of the Leicefter fheep with the 
heavy fleece of the Lincoln. The quantity of long comb- 
ing-wool grown annually is greater than it was even ten 
years fince ; the high and increafing price and demand 
operating naturally as a premium for its cultivation. 


Table I. — Shewing the Produce of Englifh Long Wool. 


Diftrict. 

County. 

No. of Acres. 

No. of Sheep. 

Weight of 
Fleece. 

No. of Picks. 

Teefwater 


’Durham - 


IO0800 

67200 

9 

2520 

• 

[Yorkfhire - 


61250 

14310 

8 

477 



r Holdemefs , 


127680 

84000 

8 

2800 



Lincoln rich land 


413875 

1241625 

9 

46561 



marflies - 


175000 

87500 

K 

2916 

Lincoln 


mifcellaneou 9 land - 


758485 

505657 

8 

16855 



Norfolk .... 


55428 

38500 

7 

1223 



Cambridge - 


187600 

41688 

8 

139° 



Huntingdon - 


87500 

87500 

7 

2552 



' Leicefter - - - 


398650 

380528 

7 

moo 



Northampton - 


560000 

640000 

6 

16000 

Leicefter 


Rutland - 


117000 

I 14000 

5 

2370 



Warwick .... 


182875 

160000 

5 

3333 



^ Stafford - - - 


14000 

372° 

7 

”3 

Kent - 


r Romney Marfti - 
} Other Marlhes - 


46920 

65000 

1 85000 
108330 

7 

7 

5400 

3160 

Devonfhire . 

South Hams 


38750° 

19375° 

8 

6458 

Cotfwold 

Gloucefter .... 

- 

200000 

200000 

8 

6666 




3939563 

4 1 533 ° 8 


1 3*794 


Slaughtered 

1176770 Sheep 





196128 Producing long.fkin wool 572c Packs. I 





Carrion wool 

286 

5434 





Neat Total 

137228 
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Table II. — Englifh Short Wool. 


Diftrilt. 

County. 

No. of Acres. 

No. of Sl eep. 

Weight i f 
Fleece. 

No. of PhlIo.. 



' Norfolk 

1260572 

683704 

2 

5697 



Suffolk 

817000 

497000 

2* 

5176 



Cambridge - 

817600 

67744 

4 

1128 



Huntingdon - 

I440OO 

108000 

4 « 

2000 



Bedford - 

268800 

204000 

5 

4250 

Norfolk - • 


Eflex 

778400 

5 I 9OOO 

3 

64 86 



SufTex Downs - 

21 1200 

316800 

2 

2640 



Low Land - 

623840 

547000 

3 

6837 



Kent 

728000 

5 2 4475 

3 i 

7000 



Hampfhire - 

774900 

5 I 6600 

3 

6457 



Ifle of Wight - 

875OO 

6l000 

3 i 

Sco 



_ Surrey ..... 

327600 

283000 

3 , 

354 ° 



'Wiltfhire Downs ... 

437000 

583500 

2 i 

6684 



Pafture 

235OOO 

117500 

3 

1460 



Berk fh ire ..... 

408800 

306600 

34 

4151 

Wiltfhire 

< 

Oxford 

380730 

304584 

Various. 

5303 



Bucks ..... 

408800 

222968 

3 

2787 



Herts - 

369600 

2770CO 

4 i 

5297 



^Middlefex .... 

760OO 

45000 

4 

750 



'Dorfet - 

700000 

632240 

34 

9880 



Devon 

87370O 

436850 

4 

7280 

Weftern 

< 

Cornwall 

8 1 2000 

203000 

4 

33 82 



Somerfet - 

851200 

500700 

4 a 

9338 



Gloucefter 

528000 

355000 

Various. 

5400 



' Hereford - - - - - 

672000 

500000 

2 

4200 



Monmouth .... 

322625 

177619 

Various. 

* 43 * 



Worcefter .... 

369600 

330504 

s* 

4820 



Shropfhirc .... 

739200 

422034 

2 -i- 

4397 



Stafford 

549360 

183120 

2 

1526 

nCicIUtU 

< 

Warwick - 

365925 

182962 

3 

2287 



Leicelter 

50000 

20000 

3 f 

291 



Lincoln ..... 

309120 

123648 

si 

2 ®33 



Nottingham - 

435680 

2 55‘47 

Various. 

4112 



Derby 

553280 

3624OO 

3 

4530 



' Cheftcr ..... 

588000 

65OOO 

Various. 

926 



Lancafter - - - - - 

952000 

3 1 0000 

Si 

4522 



York Weft Riding ... 

1429250 

383122 

Various. 

6678 



Eaft Riding - 

454720 

306240 

Tr 5 

638O 

Heath - - 


North Riding ... 

1 200000 

365326 

tinouSi 

5939 



Weftmoreland .... 

43 1 200 

378400 


3262 



Cumberland - 

856800 

378400 

3 l 

59 i 5 



Durham 

414400 

> 59 3*5 

5 

33 2 o 



Northumberland ... 

1 108800 

538162 

Si 

| I2 333 


\ 

s North Wales .... 

2035200 

683O4O 

2 

5692 

w eim 

« 

1 

South Wales .... 

2284800 

571200 

l i 

! 3570 



Ifle of Man .... 




, 




28412202 

14854299 


202737 





Packs Skin Wool. 



Slaughtered - 

3.2 c 

4221748 fheep 

28580 



Carrion - 

211087 


1429 



Slaughter of long- wool fheep 

980642 

3 

12258 



Carrion of ditto brought forward 

- 

- 

286 





. 


42553 



Total of fhort woo! 

. 

245290 



Ditto long ditto 

- 

137228 


Wool from lambs flaughtered 

. 

. 

2918 



Ditto fhorn 

. 

. 

7800 







10718 



Grand total ... 

393*36 






N B — The average fleece of England,' 


Do. 

fhort wool 

Do. 

long wool 

Do. 

flock per acre ini 

England 

-i 

Do. 

do. long wool 

Do. 

do. fhort wool 

Do. 

produce per acre! 

long fleece wool - - - f 

Do. 

do. fhort do. 1 

Do. 

do. long fkin wool 0 

Do. 

do. fhort do. - 0 

Do. 

do. fkin wool ofl 


the kingdom, nearly - -J 
The wool of Scotland may, perhaps, be eflimated at 
70,000 packs, of which the greater part, particularly that 
grown in the Highlands, is or the very coarfefl kind. Of 
the quantity of ,vool grown in Ireland, we can form no cor- 
rect eftimate, but it cannot be great. From the returns at 
the Cuftom-houfe, it appears that the quantity of wool im- 
ported from Ireland and the Ifle of Man in 1 816 amounted to 
about 2 Goo packs ; whilil the value of woollens imported from 
England was upwards of 500,000/. flcrlinj*. The woollen 
and worllcd mamifadurcft in Ireland are no wncre on an exten- 
11 ve fcalc ; perhaps 60,000 packs are the full amount of the 
wool annually {horn in Ireland : this was the amount dated 
about a century lincc. 

The quantity of wool imported into England may be 
feen from the following return at the Cudom-houfe for the 
year 1817, amounting to about thirty thoufand packs. 
The qualities we have annexed in the lad column. 

An Account of the Quantity of Sheep and Lamb’s Wool im- 
ported into Great Britain, in the Year ending 5th January 
a : h : :/i • .1 r< * • f 1 : . ~ j 


Coarfe. 

Principally coarfe. 
Coarfe. 

Fine clothing -wool. 
Principally ditto. 
Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Coarfe. 

Principally fine. 
Fine. 

J Various, none 
\ very fine. 

Fine Merino. 
Ditto. 

Various. 


Countries from whence 

Year ending 

imported. 

*>th Jan. 181 7- 

Ruffia - - - j 

lbs. 


228,673 

Denmark 

80,646 

Iceland and Ferbe 

33*395 

Pruflia - 

16,712 

Germany 

2,816,655 

Holland - 

* 43*39° 

Flanders - 

77.625 

France - 

2 21.595 

Portugal, &c. - 

493> 2 77 

Spain 

2,958,607 

Gibraltar - - - 1 

25,692 

Italy - - - | 

108,234 

Turkey - 

26,821 

Ireland and Ifle of 1 
Man (produce) J 

600,377 

( foreign ) 

i.i 7 1 

New Holland 

13,611 

Cape of Good Hope 

9,623 

United States of Ame-1 
rica -J 

43>465 

Spanifh colonics in 1 
South America -3 

206,454 

Brafils - 

5>5 12 

Britifh Well Indies - 

6,329 

Total 

8,117,864 


WOOL 

The whole of the imported wool, with fcarcely an ex- 
ception, is worked on the card, none of it being fuited for 
the comb# The coarfer kinds are principally employed 
for carpets, See . ; and the fine from Spain, Germany, Por- 
tugal, and France, fupply our manufactures of fuperfinc 
broad cloths, caflimeres, &c. So large a portion being of 
the finer kinds, the total value cannot be lefs than one 
million and a half pounds Iterling. 

Wool of New Holland . — The annual value and amount of 
the fine wool imported into Englaud for our own manufac- 
tures being fo great, we mult furely applaud the meritorious 
exertions of thofe who attempt to fupply the demand with 
the produce of our own country, or of our dependent colo- 
nies, and more particularly if they can raife this fupply from 
parts where no wool was before grown. In this view, it can- 
not fail to be highly interfiling to learn, that the exertions 
of one enlightened agricnlturill have been eminently fucecfs- 
ful in fpreading over an immenfe region dependent on Eng- 
land the very fincfl-woolled Ihecp, where the foil had nevei 
before yielded any produce {Serviceable to civilized man. 

John Macarthur, efq. defeended from an ancient family 
in Argylelhirc, captain in a regiment then commanded by 
general Grofe, went to New Holland in 1789. Fortunately 
for the future profperity of the colony, his adlive fpirit of 
inquiry and enterprife led him to direct his attention to the 
natural advantages which the foil and climate prefented to 
the agriculturiil, and having by purchafe and grants ob- 
tained a confiderable tra£l of country, he quitted the fervice 
in 1793, an< l commenced his farming operations. His Hock 
at fir it confided only of a few oxen and thirty Bengal ewes, 
growing a coarfe kind of wool or hair. About the year 
1795, obtained from captain Kent, of the Royal Navy, 
one Merino ram and two ewes, purchafed from the Dutch 
governor of the Cape of Good Hope. With thei’e he 
began to crofs his coarfe -haired Iheep, and to fele& the 
finelt-woolled progeny to breed from. Having occafion to 
return to England in 1802, he brought over fpecimens of 
his wool, which were (hewn to a body of the clothiers from 
the wed of England, then in London on public bufinefs, 
who were fo fenfiblc of the advantages which might rcfult 
from encouraging the growth of fine wool in the colony, 
that they presented a petition to the privy council, by whom 
Mr. Macarthur was examined. His plans being approved, 
the privy council recommended the fecretary of date for the 
colonies to give him an additional grant of land, in a tra& of 
country, from its fertility, called the cow-pad urcs, forming part 
of Camden county. On his return he took with him three 
Merino rams and two ewes, purchafed from his majefly’s 
flocks ; and thus encouraged, he proceeded with rapid fteps 
in the increafe and improvement of hia flocks, the climate 
being every way fuited to fecure the healthy condition of the 
fheep, and preferve the finenefs of the wool. 

The numbers increafe four-fold every five years, fo that 
his flocks already amounted to about four thoufand fheep and 
lambs, including the fine and mixed breeds, when the unfortu- 
nate difputes with governor Blight, and the fubfequent arrefl 
of j,he latter, obliged Mr. Macarthur once more to return to 
England, and in iome degree interrupted the progrefs of im- 
provement. In 1817 his flocks had mcrcafed to about feven 
thoufand, and the wool which has been fent to this country 
at different times, is become an important fource of profit, 
the better fort being equal to the beft Merino piles from 
Spain or Saxony. What we have feen more nearly re- 
fembles the latter, and were they both in the fame {late of 
cleannefs, the mofl experienced eye could not difeern any 
difference between them in finenefs of the hair, length of 
flaple, foundnefs, colour, or other properties. 

4L 


Vox. XXXVIII. 



WOOL 


441 


The wool has been hitherto wafhed on the fheep’s back 
in the Englifh method, by which it is not rendered fo clean 
as by the Spanifh or German mode ; but making allowance 
for the additional wafte, its value is equal to that of the 
very beft Merino wool imported from any part of Europe. 

The quantity imported this year is about eighteen thou- 
fand pounds weight, and a farther arrival is expe&ed. 
The laudable example of Mr. Macarthur has been followed 
by other perfons in the colony, and the total amount 6f 
wool fent from thence this year is about fifty thoufand 
pounds weight ; and fuch is the fpirit of agricultural im- 
provement, that at the annual fales of fheep eftablifhed by 
Mr. Macarthur, rams and ewes have been fold at from ten 
to thirty guineas each. Though the abfence of Mr. Mac- 
arthur impeded the progrefs of improvement, yet this will 
be more than compenfated by the valuable information he 
has obtained with refpe& to the management and improve- 
ment of his flocks, from observations made on the continent ; 
and he has further benefited the colony by taking back 
with him a fele&ion of olive-trees, vines, and oranges. The 
drynefs and mildnefs of the climate of New Holland, and 
the almofl total abfence of briars and underwood, arc ex- 
tremely favourable to fheep. His flock is divided into 
flocks of about four hundred, with fhepherds and Spanifh 
dogs to each. Under thefe propitious circumftances, and 
as the flocks double in number every thirty months, we may 
anticipate, that in the courfe of twenty or twenty-five years, 
the importation of fine wool from this colony will be fully 
equal to the total amount at prefent imported into England 
from all the different countries of Europe. It might repay 
the exertions of this enlightened agriculturifl, and of the Bri- 
tifh government, could they procure from India the animals, 
whether fheep or goats, which yield the peculiarly foft 
wool for (bawls. This would be a mod valuable article, 
and is much wanted by our manufacturers. 

There can fcarcely be a doubt, that under the favourable 
climate of the Britifh fettlements in New Holland, all the 
Afiatic wool-bearing animals, particularly thofe of Cafhmere 
and Thibet, might be introduced with every profpeCt of 
fuccefs. The coarfe wool grown in the colony is chiefly 
manufactured in the country for domeftic ufe. It is efti- 
mated that there are at prefent fixty thoufand fheep in the 
colony, and a little perfeverance and attention would fuffice 
to change the coarfe-woolled brt eds into finer ones ; a 
change which is at prefent rapidly taking place, and deferves 
the greateft encouragement, as wool is the only article of 
produce which the colonifts have at prefent to export in 
exchange for Britifh manufactured goods. 

The Improvement of Wool depends primarily on attention 
to the breed of (heep, but there are various circumftances of 
foil, climate, and food, which are important to be regarded. 
The experiments that have been made in various parts of 
Europe within the laft half century, have fufficiently re- 
moved the prejudice that long prevailed, rcfpeCfcing the im- 
poffibility of growing the fineft clothing-wool in almoft 
every part of the globe where fheep will lubfift and thrive. 
It is different with the long combing-wools, to grow which 
in perfe&ion, luxuriant paftures feem abfolutcly requifite, 
and thefe cannot be obtained under a parching fun, nor 
could the animal fubfift in tropical climates, covered with 
fuch a load of wool as is grown on our (hcep in Lincoln- 
fhire. Under fuch circumftancce, an entire change feems to 
take place in the animal fyflem 5 the long-woolled fheep 
become difeafed and feverifn, and only recover by calling 
the fleece, which is replaced by a coat of fhort hair . The 
rich pafture in England, and the oppofite coafts of Flanders, 
feem more favourable to the growth of heavy combing 
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fleeces, than any other counlry in Lhe known world ; and the 
Leiceflerfhire and Lincoinfhire fheep feem every way well 
fuited to thefe paftures, and the prices of the wool ob- 
tained at prefent are fufficient to fecure attention to 
its cultivation. At one period, indeed, during the Ameri- 
can revolution, the price of long combing- wool not being 
more than about three-pence per pound, the growers turned 
their attention principally to the improvement of the car- 
cafe, and neglefted the weight of the fleece. At prefent 
the price is about eighteen-pence, and the average weight 
being about eight pounds, the wool forms an important ob- 
ject, and the growers are endeavouring to increafe the weight 
of their fleeces. For the common purpofes of the worfted ma- 
nufa&ures, this wool is fo well fuited as to leave nothing fur- 
ther to be defired ; and it is this kind which foreign manufac- 
turers are fo defirous to obtain from us. In many fituations, 
however, where heavy long-woolled fheep are introduced, 
and where the foil is not fufficiently rich to grow it in per- 
fe6lion, it would be poffible to grow a fleece weighing five or 
fix pounds of very fine combing-wool, by eroding the long- 
woolled ewes with the Anglo-Merino rams. The increafing 
demand for finer goods, and the great improvement made in 
the fpinning of combing-wool by machinery, make fuch a 
change defirable where the paftures are not fufficiently rich 
to bear the heavy long-woolled breeds of Leicefter and 
Lincoln. 

In many cold and expofed fituations it would be defirable 
to provide better fhelter for the flocks ; and the practice of 
greqfing, hereafter deferibed, might be introduced with great 
advantage, and would tend to preferve the fheep ana im- 
prove the quality of the wool. 

The experiments made on the fine-woolled fheep on a 
large fcale in different parts of Europe, prove that the pe- 
culiarities of food and climate have comparatively fmall in- 
fluence on the quality of clothing-wool, and that it may be 
grown equally fine in fituations where the fheep are conhned 
and kept on dry meat a great part of the year, as in Saxony, 
Sweden, and Denmark. It may alfo be grown in the 
richeft paftures, provided the paftures be over-flocked, to 
keep the herbage bare. There cannot, however, be a doubt, 
that a dry light foil, particularly in the moift climate of 
England, is moft favourable to the health of the fheep, and 
to the quality of the wool. 

The experiments that have been made in England on 
the Merino fheep have not been fo fuccefsful as iu other 
countries, principally arifing from two caufes. 

In the firft place, the demand for meat in England will 
always make the wool but a fecondary objeffc with the gra- 
zier, and no crofs of the Merino fheep with the Englifh has 
yet produced a race that equal in fymmetry of form the 
South Down fheep, or that will produce the fame quantity of 
meat to the butcher in the fame fpace of time, and with the 
fame food. In the fecond place, the mode of waihing the 
Merino and Anglo-Merino wool in England will, fo long 
as it is pra&ifed, prevent the wool from obtaining its proper 
value in the market. From the great quantity of natural 
yolk or greafe in the Merino fleece, it is impoflible to wafh 
the wool on the (beep’s back by mere immerfion in water. 
In Spain no attempts are made to wafh the wool upon 
the fheep’s back, but all the fleeces of a pile are regu- 
larly forted, and the different forts fcoured and dried be- 
fore the wool is packed. But where the quantity of 
wool which any one grower pofTeffes is fmall, as in Eng- 
land, it would not anlwer to fend for wool-forters from a 
diftance ; and to wafh the wool before it is forted, would fo 
intermingle the fine with the coarfe locks, as to render 
the regular forting extremely difficult and expenfive. In 
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Saxony and Sweden the wool is waflhed on the (heep’s backs. 
The following account of the procefs is thus defcribed by 
baron Schulz. The fheep are firft wafhed with one part 
clear ley, and two partB lukewarm water, and then in an- 
other tub with lefs ley in the water ; after which the (heep 
are waihed, laying them always on their backs, with their 
heads up, in a tub with clean water ; and laftly, there is 
poured on the {heep, when ftanding on the ground, a fuf- 
licient quantity of water, which is as much as poflible 
fqueezed out of the wool. The (heep are afterwards driven 
into an unpaftured meadow adjoining, and remain there, to 
prevent their foiling themfelves in the (heep-houfe. They 
remain there a day and a night, or longer, till the wool be 
dry, which in fine weather will be in three days. Some 
perfons wa(h their fheep twice, but the wool becomes harder 
in confequence of it, and has a greyer appearance. 

The great quantity of greafe which the fineft Spanifh 
wool contains at the firft wafhing mixes with the ley-water, 
and makes it quite foapy ; but this greafe is wanting in the 
fecond wafhing, fo that the water is not in the lead foftened. 
Some mode of wafhing like the above muft be introduced 
in England, before the manufacturer will encourage the 
Anglo- Merino wool ; for after his purchafe, when he thinks 
lie ha 9 obtained fuilicieBt allowance in the price to cover the 
wafte, he is generally much difappointed in finding the lofs 
in the manufacture fo greatly to exceed his expe&ation, and 
he is deterred from making a fecond trial. 

In the northern counties of England, and in Scotland, 
a practice has long prevailed of greafing the fheep with a 
mixture of tar and butter, to preferve the animal from the 
effeCts of moifture, and the inclemency of the weather in 
hilly and expofed fituations. This praCtice feems at prefent 
peculiar to Britain, but the ancients evidently made life of 
mixtures of the dregs of olive wax, tar, wine, and other in- 
gredients, to protcCi the fldn of fheep aflcr {hearing, and 
to foften and improve the wool. Such was the praCtice of 
the Italian fhepherds, as defcribed by Virgil : 

“ Aut tonfum trifti contingunt corpus amurca, 

Et fpumas mifeent argenti vivaque fulfura, 
ldacafquc pices et pingues unguine ceras 
Scyllamque hclleborotque graves nigrumque bitumen.” 

Georg, lib. iii. 

That this praCtice was extremely beneficial in warm cli- 
mates, by protecting the fkin of the fheep from infeCts after 
/hearing, and by keeping the wool in a foft ftate, cannot 
be doubted. 

The praCtice of greafing the fheep in Scotland, and the 
northern counties of England, with a mixture of tar and 
butter, feems to have been introduced merely to preferve the 
fheep, and was generally fuppofed to be injurious to the 
wool. Indeed the great proportion of tar, too frequently 
employed, gave fome ground for entertaining this opinion ; 
and the breed of fheep, on which this mixture was moft ge- 
nerally applied, is naturally the worft which exifts in Britain 
for the production of wool, the fleeces more nearly refem- 
bling coarfe hair than wool ; but Mr. Bake well, in hisTreatife 
on Wool,obferves, that “ in Northumberland, where the fine- 
woolled fheep have received the benefit of greafing with a 
mixture in which the proportion of tar was merely lufficient 
to give it due tenacity, the wool is greatly improved by the 
procefs, but the ignorance or felfifhnefs of the wool-buyers 
for a long time prevented the acknowledgment of the faCt.” 
Many were afraid to purchafe the wool on account of its 
dirty appearance, but its value is now better underftood in 
the Yorfcfhire markets, and it is purchafed by the manufac- 
turers of coloured doth in preference to the up greeted wool 
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of the fame degree of finenefs. The fame preference is alfr* 
given to the cloths in the halls, where they arc fold in an 
undrefftjd ftate. When thefc cloths are finifhed, their fupe- 
riority is more apparent, poffefflng a degree of foftnefs far 
beyond the ungreafed wool. Thefc wools appear to im- 
prove in every procefs of the manufacture, and yield a cloth 
of greater value by twenty or thirty per cent, than the 
ungreafed hard wools, though the latter may be equally 
fine. 

But even in Northumberland, where the wool is fo 
greatly improved by the praCtice, its good effe&s in this 
refpeCt are not fufficiently known, and the operation is delayed 
till the approach of winter. By this delay, the upper part 
of the (tuple winch is firft grown, is deprived of tne advan- 
tage of being kept in a moift foft ftate during the fummer 
heat. When the operation has taken place, a perceptible 
improvement may be obferved in the wool which is after- 
wards grown. The line of diftin&ion is clearly masked by 
the (lain which the unguent leaves mi the ftaple, the bottom 
part of which, where it is applied, is finer and fofter than 
the upper part which was grown before its application. 
This difference is fo great, that a careful examination of the 
fine-greafed wools of Northumberland might alone be fuf- 
ficient to deraonftrate the advantage of the pra&ice, and 
the inconvenience of delaying the operation to the end of 
the year. To derive the moft advantage from the oint- 
ment both to the wool and the fhoep, it ftiould be ap- 
plied immediately after (hearing, and again at the approach 
of winter. By the firft greafing, the wool will be kept foft 
and moift during the fultry heats of July and Auguft, and 
the top of the ftaple would not become harfh and dif- 
coloured, which is frequently the cafe with Englifh wool. 
One acknowledged advantage of greafing immediately after 
(hearing fhould not be overlooked ; it deftroys the (heep- 
tick, and has a tendency to prevent cutaneous diftempers, 
and to proteft the (kin from the bite of the fly. The man- 
ner of preparing the ointment in Northumberland is as fol- 
lows : — From fixteen to twenty pounds of butter arc placed 
over a gentle fire, and melted ; a gallon of tar is then added, 
and the mixture ftirred with a (lick until the tar and butter 
are well combined, and form a foft tenacious ointment. 
Some (kill is required in its application, the want of which has 
prevented the praCtice from prevailing more generally. If the 
ointment be rubbed on the wool, it coileCts on the top of the 
ftaple, where it detains the loofe foil, and becomes hard, and 
i9 injurious to the wool. The proper method is to divide the 
(tuples or locks with one hand, and apply the ointment with 
the finger immediately upon the (kin $ it is thus kept con- 
ftantly foft by the warmth of the animal, and is equally 
diffufed through the fleece. Attention to this circum- 
(lance is of the greateft importance to the fuccefs of the 
praftice. The quantity laid on each animal varies in dif- 
ferent diftriCU. In the lighter mode of greafing, one gallon 
of tar and twenty pounds of butter wul be fuflicient for 
fifty (heep. In Scotland, where greafing is applied merely 
to preferve the animal againft the inclemency of the clr- 
mate, a much larger portion of tar is ufed : this would be 
very injurious to the wool, were it of any other than the 
very coarfeft kind. 

Could a cheap fubftitute for tar be found, which would 
poffefs equal tenacity, the ointment might be applied with 
great advantage to all our native breeds of Englifh (heep, 
both for the prefervation of the animal and the improve- 
ment of the wool. Mr. Bakewell dates, that long combing- 
wools, which have been greafed in this manner, produce a 
fofter and fuperior yarn to any ever made from wool of the 
native Englilh breeds which have not undergone the pro- 
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ce (s. On all chalk and light calcareous foils, the wool is 
always much har flier than wools of the fame degree of 
finenefs grown on argillaceous or filiceous foils ; and this 
arifes from the calcareous earth penetrating the fleece* and 
abforbing the natural greafe, and thus rendering the fibres 
hard and elaftic. Thefe foils cover a large portion of the 
fouth-eaftern counties of England, and of fome of the mid- 
land counties ; and it is well known to cloth manufacturers 
that the wool from thefe diftri&s do not work fo well, nor 
make fo foft a cloth, as wool on filiceous or argillaceous 
foils. Nor will this wool felt in the fulling-mill like the 
fofter wools. The praCtice of greafmg would be of un- 
doubted advantage m cab areous diftridts, applying the 
ointment more fparingly than in the northern counties. 
Perhaps twenty-five pounds of butter, and one of tar, or two 
of bces’-wax, might be fufficient for one hundred South- 
Down fheep ; and if the mixture were applied once after 
{hearing, and again in October, the expence would be 
abundantly compenfated by the improved condition both 
of the fheep and wool. The fofuirfs of wool appears to 
be effentially connedted with the property of felting, and 
depends partly on the ftru&ure of the furface of the fibre, 
and partly on its poffeffing but a moderate degree of elailicity. 
The procefs of felting is beft illuftrated in the hat manu- 
facture, where the fibres of wool or fur are brought into 
conta& by preflure and warmth, and form a compaCt fub- 
ilance without the aid of fpinning and weaving. In fome 
parts of Tartary, coarfe cloth for tents is manufactured by 
fpreading the wool on the ground, and piefling it in warm 
water with the feet ; this was probably the firft mode of 
making cloth. All good woollen cloth is {till woven com- 
paratively loofe, and is made firm and clofe in the fulling- 
mill. The fibres of wool or fur have a tendency 
to move more eafily in one dirC&ion when prefled, than 
in the oppolPe dire&ion. This motion has been compared 
to that of an ear of barley placed under the coat- flee ve, 
with the points of the beards downwards ; by the a&ion of 
the arm the ear is moved in a retrograde direction, until it 
has advanced from the wriit to the fliouldcr. When 
we draw a hair of wool or fur through the fingers 
in a direction from the points to the root, we can 
feel a fenfible degree of roughnefs, which is not felt if 
the hair be drawn from the root to the point. Hence 
we may fuppofe, that the furface is covered with a number 
of points or rings, which are too minute to be obferved by 
the micro fcope, except in fome kinds of fur, as in that from 
the South-fea feal, in which, with a powerful microfcope, 
we have feen the furface covered with diftinct leaves or 
points, {haped like thofe of the artichoke. We have a 
ftriking illuitration of this tendency of the fibre to move in 
one direction in that particular procefs of hat-making, 
where it is intended to cover the felt or fubftance of the 
hat with fur of a fuperior kind. The felt on which this 
fur is to be laid being finifhed, the hair of the beaver is 
uniformly fpread upon the furface, and being covered with 
a cloth, it is prefled and agitated by the hand for a certain 
time. The fibres of beaver-hair introduce themfelvcs by 
their roots into the felt, and proceed to a certain depth, 
and become firmly fixed in it. If the preflure were con- 
tinued for a longer time, the hairs would pafs entirely 
through the felt, going out at the under furface, as each 
hair follows the direction it acquired at the beginning of 
the procefs. 

As the felting property, therefore, feems to depend on 
the minute ftruCture of the furface of the fibre, it is eafy 
to conceive how this may be injured by a dry calcareous 
foil, and how this propesty is beft preferved in thofe furs 
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which are gtown umiei a coveting oi coarfe hair, and pro- 
tected from external injury. The procefs of greafing is in 
fome refpeCts a fubftitute for fuch a covering, and not only 
defends the furface, but prevents the fibre from becoming 
dry, harfti, and elaftic. The ancient Greeks and Romans 
were in the praCtice of covering their foft-woolled {heep, 
called molles oves , with {kins : this has been fuppofed to 
have been intended merely as a protection from briars and 
underwood ; but we have no doubt that wool fo covered 
would be much fofter than wool expofed to the aCtion of 
light, and of the foil. That the rays of the fummer fun 
have a tendency to make wool both coarfer and harftier, 
may be feen in the effeCt produced on (heep that are ex- 
pofed to it without {belter immediately after {hearing. 
The top point of the ftaplc which was grown at that time 
is almoft always coarfer and harder than the bottom of the 
ftaple which has been grown under the cover of the upper 
part of the fleece, and confequently more protected from 
light. An analogous effeCt is produced on the {kins of 
horfes kept in coal-mines, which become fleck and foft. 
Thefe faCts may fuggell to wool-growers defirous of im- 
proving their wool, the advantage of providing fhade for their 
flocks during the fultry heats of fummer. The natural in- 
ftmCts of fheep might teach them the impropriety, not to fneak 
of the cruelty, of keeping their (heep in fummer int loied in 
pens, and unlheltered, upon a dry foil, where the animals are 
alriioft roatttd alive ; a pradtice not lefs injurious t* »• health 
of fheep than to all the beft qualities of the wool. ’* xt to a 
regular fupply of food, protection from the effeCts A heat 
and wet are objcCts of the firft importance in the manage- 
ment of fheep ; and it maybe Hated as an undoubted truth, 
that whatever contributes to the comfort of the animal, 
will enable it to fatten with a fmaller quantity of food, will 
tend to preferve it in a healthy ftate, and will alfo increafe 
the quantity and improve the quality of the wool. 

Wool, Chemical Examination of. The chemical proper- 
ties of wool are very fimilar to thofe of hair, and as we 
omitted to fpeak of thefe m their proper place, we (hall 
introduce them here. 

From the experiments of Achard and Hatchett, it ap- 
pears that hair contains gelatine, to which it owes its fup- 
plcnefs and toughnefs. When hair is boiled in water, this 
principle is feparated, and the hair becomes much more 
brittle than before. Indeed, if the procefs be continued 
long enough, the hair crumbles to pieces between the 
fingers. The portion infoluble * ' water poffeffes, according 
to Mr. Hatchett, the properties of coagulated albumen. 

Mr. Hatchett ha:; concluded, from his experiments, that 
the hair which Jcfes its curl in moift weather, and which is 
fofteft and moft flexible, is that which yields its gelatine 
moft readily ; whereas ftrong and elaftic hair yields it with 
the greateft difficulty, and in the fmalleft proportion. 
This conclufion has been confirmed by a very confiderable 
hair merchant in London, who allured him that the firfl 
kind of hair was much more injured by boiling than the 
fecond. 

Vauquelin has publifhed a curious fet of experiments on 
human hair of different colours. He found it completely 
foluble in a Papin’s digefter. During this procefs, ful- 
phuretted hydrogen was evolved. The folution thus ob- 
tained contains a Kind of bituminous oil, which is depofited 
very flowly. This oil was black when the hair was black, 
but yellowifh-red when red hair was the fubjeCt of experi- 
ment. When this oil was removed, nut-galls and chlorine 
produced copious precipitates. Silver was blackened, and 
acetate of lead precipitated brown. When concentrated 
by evaporation, it did not concrete into a jelly. 
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Water containing only fbui per tent, of potafli diffolveahair, 
'while hydro-fulphuret of ammonia is evolved. If the hair 
be black, a thick dark-coloured oil, with fome fulphur and 
iron, remain undifTolved. If the hair be red, this oil is yel- 
lowifh. Acids throw down from this folution a preci- 
pitate, foluble in excels of acid. 

Sulphuric and muriatic acids become red when firlt 
poured on hair, and gradually diffolve it. Nitric acid 
turns hair yellow, and diffolves it, while an oil feparates, 
varying in colour, as before-mentioned, according to the 
colour of the hair employed. The folution contains a 
great deal of oxalic acid, betides bitter principle, iron, and 
lulphuric acid. Chlorine reduces it to a fubftance of the 
contiftence of turpentine, partly foluble in alcohol. 

Alcohol, digefted on black hair, extracts from it two 
kinds of oil. The firft, which is white, fubtides in white 
fhining feales as the liquor cools ; the fecond is obtained 
by evaporating the alcohol. It has a greyifh-green colour, 
and at laft becomes foiid. From red hair alcohol alfo ex- 
tracts two oils, one white, as above, the other red as blood. 
After this latter has been extracted, the hair becomes 
chefnut. Hence its red colour appears to depend upon 
this oil. 

Hair on incineration yields iron and manganefe, fulphate 
and carbonate of lime, muriate of foda, and a confiderable 
proportion of tilica. The a(hes of red hair contain lefs 
iron and manganefe. Thofe of white hair ftill lefs ; but in 
thofe we find magnefia, which is wanting in the afhes of other 
hair. The allies of hair do not exceed .015 of the hair. 

Hence, according to this analyfis, hair conti its of 

1. Animal matters conftituting the greateft part. 

2. A white foiid oil, fmall in quantity. 

3. A grey iih -green oil, more abundant. 

4. Iron, ftate unknown. 

5. Oxyd of manganefe. 

6. Phofphate of lime. 

7. Carbonate of lime, very fcanty. 

8. Silica. 

9. Sulphur. 

Vauquelin infers from thefe experiments, that hair 
depends for its colour upon a kind of oil, which varies ac- 
cording to the colour of the hair in which it is found. He 
alfo fuppofes, that fulphuret of iron contributes to the 
colour of black hair. The fudden change of colour in hair 
from grief, he thinks, is owing to the evolution of an acid. 
Bichat, however, attributes this change, perhaps with 
greater probability, to the abforption of the colouring prin- 
ciple. To whatever caufe it be owing, the fad appears 
undoubted ; and it ihews a clofer conne&ion between the 
living powers and the hair, than many phyfiologifts are in- 
clined to admit. 

Wool appears, according to the experiments of Berthollet, 
to coincide almoft exa&ly in its chemical properties with thofe 
of hair above-mentioned. When growing on the back of the 
animal, it is enveloped in a greafy matter, called the yolk, 
and which appears to be a kind of foap ; or, more properly 
fpeaking, according to the experiments of Vauquelin, who 
has examined it, of 

1. A foap of potafli. 

а. Carbonate of potafli. 

3. A little acetate of potafli. 

4. Lime. 

5. A little muriate of potafli. 

б. An animal matter. 

This fubftance appears to have the property of protecting 
the animal from infeds to a certain degree, and of preferring 
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the foftnefs of the wool, which are perhaps its ehief ufes. It is 
removed from the wool before it is manufactured, by the pro* 
cefs termed fcovring. The affinity of the animal matter of 
wool for ail colouring principles is very great, and in general 
far exceeds that of the different vegetable fibres, as cotton, 
flax, &c. for fuch principles. There is one kind of coarfe 
wool, however, which, according to Dr. Bancroft, does not 
poffefs this property, and receives colours with great diffi- 
culty. Sec Dyeing, and the preceding article. 

Wool, Laws relating to . The jeakmfy entertained on 
the fubjeCt of our wools, may be learnt from the legal re- 
flridion which has been made in relation thereto ; as alfo 
with the view that as much employment as is poffible may 
be found for the labouring claffes. This is effeCted by the 
prohibition of the exportation of wool in an unmanufac- 
tured ftate, as will be feen below. It muft be obvious, 
however, that it would be to little purpofe to be thus ftriCl 
refpeCting the article itfrif, if that which produced it was 
not equally guarded ; therefore as early as 13 Sc 14 Ch. II. 
c. 18. it was made felony to export fheep from England or 
Ireland, or even to Scotland : now however the penalty is 
forfeiture of every ram, fheep, or lamb, and the veffel in 
which fuch is fhipped with intent to exportation from Great 
Britain and the iflands belonging thereto ; and offenders arc 
to forfeit 3/. for every fheep, &c. fo fhipped, and to fuffer 
three months folitary imprifonment, and till the forfeiture 
be paid, but not to exceed twelve months ; and for any 
fecond offence 5/. for each ram, &c. and fix months impri- 
fonment, and till the fine is paid, but not to exceed two 
years. 28 Geo. III. c. 38. § 2. 

By the 9th and 37th lections, no wool, woolfells, mort- 
lings, yarn, or worfted made of wool, woolflocks, cover- 
ings, cruels, waddings, or other manufactures, or pretended 
manufactures flightly wrought up fo that it may be reduced 
to wool again, or mattreffes, or beds fluffed with wool 
combed or fit for combing or carding, may be fhipped or 
exported, or carried or moved for that purpofe, from Great 
Britain, or Guernfey, Jerfey, Alderney, Sark, or Man, to 
any foreign place, on forfeiture of the wool, with the car- 
riage, (hip, or cattle on which it is laden or removed ; but 
00 fheep may be fent annually from Liverpool or White- 
aven to the Ifie of Man (51 Geo. III. c. 50. ); and the 
perfon offending to forfeit 3/. for every pound weight, or 
50/. in the whole, and to be imprifoned three months, and 
till the penalty is paid, but not to exceed fix months ; but 
for a fecond offence he is to forfeit the like fums, and to be 
imprifoned for fix months, and till fuch fine be paid, not 
exceeding two years ; but this is not to extend to lambfkins 
dreffed for furs and linings. 

And perfons qualified by the governors of the following 
iflands may export the rcfpeCtive qualities fet againft them 
from Southampton to thofe places in every year : 



Tods. 

To Jerfey 

4000 

To Guernfey 

- 2000 

To Alderney 

- 4 OO 

To Sark 

- 200 


28 Geo. III. c. 38. § 16 , 17. And 20,000 pounds weight of 
worfted and woollen yarn may be exported annually from 
London to Lower Canada, by permimon of his xnajefty in 
council. 47 Geo III. c. 9. 52 Geo. III. c. 55. 

By the 48 Geo. III. c. 44. wool may be fhipped in Eng- 
land for exportation to Ireland, on being duly entered and 
bond given for its true exportation there ; and upon obtain- 
ing a licence under the hands of the commilfioners of the 
cuftoms to allow it. 
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No wool (hipped to be fent coallwife from one part of 
Great Britain to another, until due notice be given and bond 
entered into, and a licence obtained under the hand of three 
commiffioners of the cuftoms. Penalty, forfeiture. 28 
Geo. Ill c. 38. f 34. And wool mult alfo be (hipped 
coallwife in Britifh (hip, Britifh owned and manned, the 
owner of which does not refide out of Great Britain. $ 19. 
and 12 Car. II. c. 18. Formerly there were penalties and 
forfeitures for keeping or removing wool in Kent and Suf- 
fex within certain diftancesof the fea (ten and fifteen miles), 
without entry and bond, and procuring certificates or per* 
mits, and alfo for removing wool within five miles of the 
fea-coaft of Great Britain before fun-riftng and after fun- 
fet; but by the 54 Geo. III. c. 78. all the regulations 
formerly required antecedent to the removal of wool on land 
throughout England are repealed. 

Wool to be packed in packs, or truffes of leather, or can* 
vas, called * Pack-cloths,’ or in linen or woollen, and to be 
marked ‘ Wool , 1 in letters three inches long, on forfeiture 
of the wool, and u.per pound. 28 Geo. III. c. 38. ( 28. 

Perfons packing wool, &c. into boxes, barrels, caiks, 
or chefts, and other than as above, or preffing or (leaning 
the fame, to forfeit the goods, and 31. per pound. Ibid. 
# 30,31. 

Infurances for the conveyance of wool contrary to this 
ad void, and the parties may be puniihed. } 45, 46, 47, 48. 

King’s (hips empowered and required to fearch (hips for 
wool (hipped without licence. $ 40, 50, 51. 

No perfon can feize wool unlawfully removing but 
officers of cuftoms, excife, and falt-duties, or perfons ac- 
companied by a conftable (j 52.); and perfons negleding 
their duty to forfeit 20/., and making collufive feizures or 
agreements to be fubjed to like penalties as exporters, 
(f 53 * 55 ) Hindering, obftruding, or beating officers, 
lubjeds offenders to tranfportation ; and bribery of them, 
whether accepted or not, to the penalty of 300/. j yd, 57. 

If any quellion arifes upon the growth of the wool, the 


emu prokndi is to lie upon the owners. $ 60. 

Informations may be laid in any court of record, and 
penalties, &c. under 200/. may be determined before two 
juffices of the peace ; and juftices at quarter.feffions may 
dired (hips, goods, wool, &c. to be fold, j 62, 63. 

Profecutions to be commenced within three years. 
$ 77 - 

Wool the growth of Ireland may be exported to Eng- 
land, and no where elfe. 1 W. & M. c. 32. 7&8W.III. 
C. 28. 10 fit 1 1 W. III. c. 10. 26 Geo. III. c. 1 1. 

And the Admiralty is to appoint three (hips of the fixth 
rate, and eight or more armed (loops, to prevent the ex- 
portation of wool from Ireland to foreign ports, j Geo. II. 
c. 21. 

Wool the produce of any of the colonies, &c. in America, 
or countries on the continent of America, fubjed to any 
foreign European dates, imported into certain Britifh Weil 
India iilands, may be imported into Great Britain under the 
regulations of the 12 Car. II. c. 18. 

Thofe places are, Jamaica, Granada, Dominica, Antigua, 
Trinidad, Tobago, New Providence, Crooked ifland, St. 
Vincent, Bermuda, Caicos, Tortola, Curacoa, and the 
Bahamas. 27 Geo. III. c. 27. 45 Geo. III. c. 57. 
47 Geo. III. feff. 2. c. 34. 

Britifh hare or coney wool may not be exported, (except 
to Ireland, 39 & 40 Geo. III. c. 67. ) on penalty of 
forfeiture. The owner or (hipper to pay 100/., and the 
mailer of the (hip 40/. 24 Geo. III. c. 21. 

Wool, Cheefe made under , in Rural Economy , a term 
applied to that fort of high-tailed ewe cheefe which is 
made before the fheep are ihom. See Cheese. 

Wool, Pad of, a quantity of wool packed up clofely 
together in a large bag of tne fack-cloth kind, which in 
London is conftituted of two hundred and forty pounds. 
See Wool. 
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WOOLLEN Manufacture, Progrefs of the . The 
origin of the woollen manufacture, like that of many other 
ufeful arts, is not precifely known. At a very early period, 
domeftic (heep were extend vely fpread over Weftern Afia. 
The introduction of (heep into Europe is not recorded by 
ancient writers, unlefs we fuppofe the expedition of the Argo- 
nauts to Colchis refers to this event. Sheep were probably 
firft domefticated for their milk, and afterwards for their 
(kins, which muft have been the firft drefs of paftoral nations. 
Sheep and goats, in the early ages of fociety, were nearly of 
equal value. The Greeks, who oftentatioufly refer all ufeful 
difeoveries to their own country, and rank their inventors 
among the gods, have aferibed to Minerva the invention of 
fpinning ana weaving. Thefe arts appear, however, to have 
been firft praCtifed, at a very early period, in Egypt, and 
applied to the fpinning and weaving of flax. At what time 
they were ‘firft applied to wool is unknown. Though Pliny 
informs us, that Nicias of Megara difeovered the art of full- 
ing cloth, the property which wool poffeffed of felting was 
known in the Eaft at a much earlier period, and probably 
gave rife to the firft manufacture of woollen goods which 
were not woven, but felted like the fub fiance of hats. 

On this fubjcCt, Mr. Luccock, in hisTrcatife on Wool, ju- 
dicioufly remarks, “ whilft thefkins of fheep dreffed with their 
wool on ferved as clothing, it is obvious that only one ufeful 
fleece could be obtained from one animal, and as the fleece 
is generally caft, or falls off once a year, this produce muft 
have been wafted. In a very early period, however, the 
property which wool poffefTes of felting was difeovered, or, 
in other words, it was found that by preffure and moifture 
the fibres of wool might be made to adhere together, and 
produce a compaCt pliable fubftance, quite as durable and 
more convenient than the (kins formerly ufed. This ap- 
pears to have been the firft effort to produce a woollen ma- 
nufacture.” It is probable the felting property was dif- 
eovered by accident, as fome fleeces willfelt upon the fheep’s 
backs; among farmers, thefe are called cotted fleeces. 
When the application of this difeovery was firft made, the 
knowledge of the art was foon widely fpread. The tents 
of the Arabs and Tartars are, at the prefent day, all made 
of felt from the wool of (heep, mingled with the hair of 
goats, camels, and other quadrupeds, and may be confidered 
as remains of the original art of cloth-making. 

The art of fpinning and weaving threads made from wool 
was, in all probability, derived from the Eaft ; they are alluded 
to by Moles as exifting nearly fifteen hundred years before 
the Chriftian era, and it appears that the early patriarchs had 
numerous flocks of (Keep. 

The greater part of thefe (heep, we are informed, were, 
at firft, either dark-coloured or fpotted ; hence we may infer 
that the art of dyeing wool was then unknown. When the 
fele&ion and cultivation of white wool gave to woollen cloth 
the property of receiving the tints of the dyer, the value and 
ufe of wool muft have greatly increafed, owing to the great 
eftimation in which richly -coloured garments are held by 
people advancing to a date of civilization. 

Thus, in addition to the fuperior pliability and coraiot i 
of woollen cloth, compared with (kins or felts, the tafte for 
it muft have been widely fpread by the art of dyeing. It 
had alfo the great recommendation to its general, adoption, 
that it could be fabricated with eafe m every family. The 


machinery required for the purpofe was extremely Ample. 
The diftaff and the loom, fays Mr. Luccock, were little more 
in the hands of the firft manufacturers, than the fpade in 
thofe of the hufbandman. Spinning and weaving, as we 
have already obferved, were in ufe at lead fifteen hundred 
years before the Chriftian era ; but the manner in which they 
were performed is not related until about three centuries 
afterwards. Then the loom confided of a frame of wood, 
in fomc rcfpeCt different from the modern one, but well 
adapted to the fame purpofes. 

The alterations which have been made in it confift, per- 
haps, more in the pofition of the beam, and the mode of 
opening the web for the paffage of the (huttle, than in any 
other circumftance. Nor was the earlieft mode of fpinning 
lefs perfeCt, than that which was praCtifed in the mod cele- 
brated manufacturing countries for many ages afterwards. 
It was performed by means of a rod or ftaff, about which 
the wool to be fpun was carefully wrapt, and held in the 
left-hand, while a rough kind of fpindle, quickly twirled be- 
twixt the right-hand and the thigh, was fuffered to continue 
its motion when fufpended by the thread which the artift gra- 
dually lengthened with his fingers. This lead complex of 
fpinning-machine8 is not entirely laid afide even now. A 
few years lince it was not uncommon in the county of Nor- 
folk, and its continuance in ufe through fo many ages is the 
beft proof of its excellence. 

The preparing of wool for fpinning was probably firft 
effected by the fingers, and afterwards by the fuller’s teazle 
or thiftle, the dipiacus fullorum, which with its rough and 
hooked points was well adapted to the purpofe, and has 
continued in ufe to the prefent day. The card afterwards 
ufed was probably a fubftitute for the carduus, or teazle. 
The application of the wheel to a fpindle, or the fpinning- 
wheel, is, we believe, unnoticed in biftory. Whenever thefe 
inventions took place, it is probable their firft introduction 
contributed more to increafe the quantity, than improve the 
quality of the yarn and cloth. For a confiderable period 
after the commencement of the woollen manufacture, the 
improvements made in fpinning or weaving of wool were 
effected by the improved addrels and (kill of the manufac- 
turer, rather than by any alteration in his machinery, as we 
now fee the manufacturing nations of the Eaft execute very 
elaborate works with inttruments of the moft fimple con- 
ftruCtion. In proportion as luxury and refinement increafed, 
the ckmand for fuperior fabrics would induce the growers 
of wool to pay great attention to the. fleece, and to feleCt 
and preft*rve for breeding thofe (heep which produced the 
fofteft and fined wool ; with the ancients thefe terms were 
fynonymous. The produce of fine white wool from (heep 
is entirely the refult of cultivation ; it has never been grown 
except in countries were the woollen manufactures have 
flourifhed. The race of fine-woolled (heep has, however, 
been partly preferved in thofe countries after the ddtruCtion 
of their trade. The grower would alfo foon learn to pay par- 
ticular attention to the whitenefs of his fleeces, as a clear 
white ground is neceffary for receiving the moft brilliant dyes. 
Blue, purple, and fcarlet, were the tints moft admired ; and 
though the ingredients, by means of which they were pro- 
duced, are in fome meafure unknown, yet we have the moft 
indubitable teftimonies to their excellency, and the eftimation 
in which they were held. To produce them in their richeft 
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1 afire, a feie&ion of the wool mod adapted to receive them 
mult be made, and this would operate with great precifion 
upon the wool-forter*s attention. 

While the manufaAurc of wool was confined to the 
houfes of the grower, and the bufinefs of it tranfaAed by 
his domeftics in a fecluded (late, there was lefs room for the 
Simulation and exercife of invention than in after -ages, when 
it became the appropriate calling of one particular part of 
the community, and their fuccefs depended upon the opinion 
which others formed of the fabric. Yet in the fimpleit days 
of Greece, it was not deemed an employment unfuitable to 
palaces, nor did a princefs degrade her dignity by fuperin- 
tending the labours of the loom, the diftaff, and the dyeing 
vat. 

We have little information refpeAing the woollen manu- 
faAures of the Greeks and Romans, as diftinA from their 
domedic manufactures ; but large eftablifhments were necef- 
fary for the clothing of diftant armies, and for foreign com- 
merce. That the Romans had carried the manufacture of 
fine woollen cloth to a high degree of perfection, is proved 
by a variety of circumftances, and particularly by the great 
attention paid to the cultivation of fine-woolled (heep, and 
by the high prices at which the wool and (heep were fold, 
as appears from the writings of Pliny, Varro, and Columella. 
Pliny deferibes two kinds of (heep : the one which grew 
co&rle long wool, and was on this account called hirtum or 
hirfutum , and from its hardinefs and ruder treatment colo - 
nicum or ruftic ; the other breed was called mollc } from 
the foftnefs of the wool, and generofum or noble, from its ex- 
cellence ; alfo pellitum , from its being clothed with (kina to 
proteA the wool. The race is fometimes alfo called -Taren- 
tinum, Apulum, Calabrum Atticum, and Graccum, from the 
neighbourhood or diftriA in which it chiefly lived ; but what 
i3 of more importance, as (hewing the origin of the fine- 
woolled (heep of Italy, the race is called Afianum ; and, 
according to Pliny, a fimilar race exifted in his time at 
Laodicea in Syria. The defeription given of thefe (heep 
by Pliny agrees with the prefen t race of Merino (beep. 
There is not, fays Dr. Parry, throughout Europe, any breed 
of (hort-woolled (heep now exiding befides the Merino, of 
which the males are horned and the females not. 

That the Romans imported their Tarentine (heep into 
their weftern colonics, with the art of manufaAuring fine 
cloth, we learn from Strabo and Pliny. The former writer, 
who flourifhed in the reign of Auguftus, fays, that in Tur- 
detania in Portugal, then a part of Spain, •• they formerly 
imported many garments, but now their wool was better 
than that of the Coraxi, and fo beautiful, that a ram for the 
purpofe of breeding was fold for a talent, and that fabrics 
of extraordinary tninnefs were made of this wool by the 
Saltratae.” Probably this was fimilar to the (bawl cloth of 
India, and woven in the fame manner, as Pliny calls it 
fcutulatus, a term which he applies alfo to the fpiderVweb. 
The little attic talent of filver is eftimated to equal in 
value 216/. of Engiifh money, which (hews the higheftima- 
tion in which the bed wool was held even in the colonies of 
Rome. 

All ranks of people of both fexes among the Romans 
chiefly wore woollen garments. In the reign of Aurelian, 
270 years after Chrift, a pound of filk, according to Vopif- 
cus, was equal to a pound of gold. A people fo pre- 
eminent in wealth, ana in all the refinements of art, would 
naturally be folicitous to attain the highed degree of ex- 
cellence in the manufaAurc of thofe fabrics, which were 
calculated to gratify their paffion for adorning their perfons, 
and it was equally as neceifary to confult their eafe as 
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their vanity. The fummer-heat of Italy was fo great, that 
the affluent could fcarcely have fupported a woollen drcfs, 
had it not been made of the lighted and thinned cloth. We 
find alfo, that during the Augudan age, and for a confider- 
able time afterwards, it was the fafhion to wear cloths which, 
as at prefent, were furniflied with a raifed nap or pile. Such 
cloths were called fex in contradidinAion to tritae or 
thread-bare. Thus Horace : 

“ Sj f or te fubucula pexae 

Trita fub ed tunicse rides.** 

“ You laugh if you efpy a thread-bare ved 
Under a well-dreffed tunic.* * 

And alfo Martial : 

“ Pexatus pulchre, rides mea, Zoile Irita.** 

The term pexatus, applied to cloth, leads us to fuppofe 
that the nap or pile was raifed with a comb, having very 
fine teeth. Pliny informs us, that in his time the price of 
wool had never exceeded 100 federtii the libra, or pound j 
now the Roman federtius being about 8 d, of our money, 
and the libra about 5245 grains, it folio wb that an avoirdu- 
pois pound, or 7008 grains, would have cod about 1 /. u. of 
our money. From the intercourfe with Perfia and the Ead, 
the Romans would become acquainted with the (h awl -cloths 
of India, and would naturally wi(h to imitate fo beautiful 
and delicate a fabric. Thefe are made from very foft fine 
lhort wool, and not from combed wool, a6 has been gene- 
rally fuppofed in this country. The exidence of that ma- 
nufaAure in Hindoodan for many age6, is a proof of the 
high degree of perfeAion to which the fabrication of woollen 
cloth had been carried in former times. For (hawl-cloth is 
only woollen cloth, woven with a twill, and unmilled, but 
it is fpun to a great degree of finenefs, and from wool 
fo peculiarly foft, that it has never been rivalled by any Eu- 
ropean nations. The perfeAion of the colours, and the 
(kill difplayed in the weaving, we have no reafon to believe 
are greater now than in the time of Alexander the Great ; 
and if thefe manufaAures were fucccfsfully imitated by the 
Greeks or Romans, or even didantly approached in the ma- 
nufaAure of their fine cloths, we may form fomc idea of 
the perfeAion to which they had arrived. When m the 
decline of the Roman empire, their colonies were overrun 
by favage barbarians, all their public edablifliments and ma- 
nufaAures were dedroyed, but the art of producing from 
the fleece a warm and fubdantial clothing was never entirely 
lod, even during the darked days of ignorance. It began 
to revive, and became the feparate occupation of one clafs 
of the community about the middle of the tenth century in 
the Low Countries, where it remained the glory of the 
people, a ? id the fource of their opulence, through more 
than four hundred years. The wool which it con fumed for 
the fird few years was the produce of their own padures, 
which had but lately been reclaimed from the fored ; but as 
the manufaAure extended itfelf, the demands became larger, 
and were fupplied from a greater didancc. The wealth 
which it diltributed was foon vifible, and people crowded 
into the country, engaged in its commerce, and pu(hed 
their (peculations. with increafing vigour through a hundred 
and fifty years, when an inundation of the fca threatened to 
involve the art, the artid, and the country, in one general 
dedruAion. The difperfion of the people who fled from 
the calamity which appeared to overwhelm thur hopes, in- 
dcadof deftroying the infant manufaAurc, gave it additional 
vigour, and was the means cf eltablifhiog a conneAion be- 
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tween the Netherlands and foreign countries, which proved 
of the higheft importance to commerce. It contributed to 
a much more fpeedy recovery of the arts conne&ed with the 
woollen manufacture, from the ruin which feemed to 
threaten them, and gave a ftriking inftance of their partia- 
lity for the feats where they have once flouriftied, under the 
patronage of a government liberal enough to encourage, and 
fufficiently powerful to protect them, even in fituations at- 
tended with natural difadvantages. The influence of thefe 
manufactures upon the fleeces of the Low Countries mult 
have been very confiderable ; for before the year 960 we have 
no reafon to fuppofe that their quality was fuperior to that 
which we find in the neighbouring diftriCts ; yet it was not 
very long ere Flanders and Brabant became famous for the 
manufacture of fine cloths, even at a period when they im- 
ported but little foreign wool. Perhaps the fabrics might 
not be equal to thofe which we now produce from the 
fleeces of Spain, or even from the improved ones of our own 
flieep, but they were preferable to thofe of England and the 
nations of the continent, Italy and Spain excepted. It was 
about the year 1 200 that the merchants began to import the 
wools of other countries, to extend their connections much 
more widely, and to grow by this means ftill more rich and 
powerful. The manufactures required a larger quantity of 
the faw material than ufual, and the population of the country 
had readied that extent which does not admit of a great 
number of (heep being kept, even though the employment 
of the people depend upon the fleeces, and their fubfiilence 
upon the food which they furniflt. We fhall obfene in- 
ftances of a fimilar kind when wc treat more particularly of 
England. The operation of thefe two caufes was evidently 
fumcient to induce the manufacturer to go farther from 
home, and to feek the moft convenient methods of fupplying 
his looms. It might have been expeCted that he would have 
turned his attention to France and to Germany ; but inde- 
pendent of the hoftile difpofitions of fome of the neighbour- 
ing fovereigns, the raw material was too bulky to be con- 
veyed at an cafy expence through the bad roads of a half 
cultivated country ; and the (hips of Spain and of Britain, 
who found an intereft in fupplying the wants of the Nether- 
lands, unladed their cargoes almoft at his very door, and fo- 
licited in payment but little elfc than the goods which he 
had manufactured. 

Spain was the firft country on the weftern fide of Eu- 
rope, where the Tarentine breed of finc-woolled fheep 
were cultivated with fuccefs by the Romans. Sec Sheep. 

This breed, intermixed with the native flocks, gave rife 
to the prefent fine-woolled iheep of Spain ; and it does not 
appear that this valuable race was ever greatly negle&ed in 
that country. That it abounded in flieep in what is called 
the middle age cannot be doubted. At the period when 
the Saracens extended themfelves in Spain, about the eighth 
century, to ufe the quaint words of Roderic, archbifliop of 
Toledo, “ it was fruitful in corn, pleafant in fruits, de- 
licious in fiflies, favoury in milk, clamorous in hunting, 
and gluttonous in herds and flocks ,” — gulofa armentis et 
gregibus . He wrote in A.D. 1243. England at that 
time fheep were fo fcarce, that a fleece was eftimated at 
two-thirds the value of the ewe which produced it, together 
with the lamb. 

Into Spain the invaders either carried the arts of luxury, 
or, what is more probable, improved them by their fuperior 
induftry. The revenue of one of their fovereigns m the 
tenth century amounted to fix millions (ter ling ; a fum, fays 
Gibbon, which at that time probably furpafled the united 
revenues of the Chriftian monarchs. When, feveral centuries 
afterwards, the Saracens were gradually expelled by their 
Vol. XXXVIII. 
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Chriftian neighbours, Spain faw nothing but the change 01 
religion to compenfate the lofs of population, of agricultural 
and mechanical fcience, of induftry, and wealth. On the re- 
covery of the Seville from the Moors in 1 248, not lefs than 
16,000 looms are faid to have been found in that city. Of 
thefe, the greater number was probably employed in the 
fabric of woollen cloths. According to Uftarix, “ Theory 
and Praftice of Commerce,” the manufa&ures of Segovia 
flouriflied moft, both in point of number and quality, and 
were in high efteem, being the beft and fineft that were 
known in ancient times. The temperature of the climate, 
and the luxurious propenfities of the inhabitants, would natu- 
rally determine thefe fabrics to be of the lighteft and fofteft 
kinds. Hence in the midft of the boafted ancient manu- 
fa&ures of England, we read only of two or three instances 
of the importation of Englifh cloth into Spain. The 
Spaniards had certainly at that time their own native fleeces 
beft adapted to their own tafte and climate. 

We are told by Dillon, in his Hiftory of Peter the 
Cruel,” that the woollen cloths of Barcelona were in high 
efteem in Seville in the reign of that prince, and in the 
preceding century. So far back as 1 243, the woollen cloth 
of Lerida is fpoken of in terms of great eftimation. A few 
years after, Baurlas, Valis, Gcrena, Perpignan, and Tor- 
tofa, were remarkable as manufa&uring towns, and for the 
finenefs of their cloths, fuftians, and ferges. So great was 
their exportation, that in 1353 there were 935 bales of 
cloth taken on board a (hip from Barcelona to Alexandria 
by a Genoefe privateer; and 1000 bales of cloth were 
taken on board three Catalonian fliips in 1412, by Antonio 
Dorco, in the port of Callus. We are told by the fame 
author, that, according to records ftill extant in Barcelona, 
confiderable orders for wool were fent to England in 1446, 
in order to be manufa&ured there and returned to England 
in the form of cloth, the Spaniards themfelves difdaining to 
wear it. 

According to Lucius Marineus Siculus, who wrote in 
the time of the emperor Charles V., Spain was then full of 
herds and flocks, more efpecially it contained innumerable 
(heep ; fo that many (hepherds, whom he knew, had flocks 
of 30,000 each ; on which account Spain not only fupplied 
its own people moft abundantly, but alfo foreign nations, 
with the very fofteft wool. 

This account is confirmed by what is related by Sandoval, 
who ftates, that in an infurre&ion in Spain in 1519, the 
army of infurgents, among whom were many cloth-workers, 
ftipulated, among other points, that the cloths imported 
into Spain ftiould be of the lame fize and goodnefs as thofe 
wrought there ; and that the merchants and clothiers might 
have leave to feize, in order to work up, half the wools fold 
for exportation, paying the owners the price at which they 
had been bought. Hence we learn the fuperiority of Spanim 
cloth, and the great fale of Spanilh wool to foreign countries 
at that time. 

Damianus a Goes, who was page to Emanuel, king of 
Portugal, in 15 1 6, has written a fliort account of the me- 
morable things of Spain, which he dates at Louvain in the 
year 1541. In this work he fays, that there are annually 
exported from Spain to Bruges 40,000 facks of wool, eacn 
felling at the loweft for twenty gold ducats. 

Now from an authentic acquittance, preferred in the 
Feeders, from queen Elizabeth to Cofmo de Medici, for a 
fum borrowed by him of Henry VIII., we find that the 
gold ducat or florin was in 1545 equal to five {hillings of 
our money. In this year, the 36th of Henry VIII., the 
bafe Coinages began 5 but as queen Elizabeth teems to have 
continued receiving the inftaknentt of the Florentine debt 
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for fcverai years at the fame rate, when the (hilling was of 
fomething more than the prefent value, we think it pro- 
bable that the rate was fixed at the beginning of the year 
1545, when the (hilling was at ij. i}d. of our prefent coin. 
This wool was, therefore, worth at lead 5/. 14^ 7 d. the 
fack of i8i|lbs., and 1ll.gs.2d. the fack of 364^8. 

In 1560, in the time of Guicciardini, Spanidi wool in 
the Netherlands was at a fomewhat lower price. He tells 
us, “ that they ufed formerly to fend annually from Spain to 
Bruges more than 40,000 facks, but that in this year the 
Spaniards, having made more cloth at home, had fent only 
25,000 facks, at 25 crowns each.” The crown being 4 x. and 
the (hilling ix. cj/f. of our money, this would be 10/. ix. id. 
the fack of 364 pounds. The depreciation feems in truth 
to have arifen from a diminifhed demand for this wool in the 
Netherlands. The wools imported into the Netherlands 
from Spain were the lower or coarfer kinds. 

The fuperfine wools of Spain feem to have been firft in- 
troduced among the Italian dates. Thus Damianus a Goes 
in 1541, after having fpecilied the 40,000 facks to Bruges, 
as before -mentioned, adds, “ and alfo to Italy, and other 
cities of the Netherlands, are annually fent about 20,000 
facks, of which thofc ufed in Italy, being of the choiceft 
wool, are fold at from forty to fifty gold ducats each.” 

From this account, we have a fair opportunity of drawing 
two important inferences : the firll is, that the Spanidi wool 
which went to the Netherlands was, as we have before ob- 
served, of the coarfeft kind, being of only half the price 
of that which was exported to Italy ; fccondly, we can 
compare the value of the latter with that of our Englifh 
wool, the bed of which, according to the aft of parliament 
in 1534, already quoted, did not m England exceed 51. the 
done of 14 pounds, of 61. 10 s. the fack of 364 pounds. 
The (hilling, however, being then equal to ix. 4 %d. of our 
coin, increases the price of the fack 8/. i8x. 9 d.\ to which 
add cudom and fubfidy, 3/. 13X. 4 //. or 5/. ox. 10 d. t and the 
refult will be 13/. ujs. 7 d. The additional charges of freight 
and merchant’s profit would fcarcely bring the whole amount 
to 16/. i6x. On the other hand, according to the teftimony 
of Damianus a Goes, the Spanidi fack of 18 pounds was 
in 1541 worth 14/. 6x. 5 £</., and the fack of 364 pounds 
23 /. 14X. 6d. of our preient money. If the author fpeaks 
only of the value of this wool in Spain itfelf, then a farther 
addition mud be made of freight, merchant’s profit, and 
probable duty to the crown. On the whole, this calcula- 
tion is fufficient to (hew in the ftrongeft light the fuperior 
price of fuperfine Spanidi wool, to that of the very bed at 
that time produced in Britain. 

Next in order of time to the Italians, the manufafture of 
fuperfine wool feems to have been adopted by the French, 
who, according to Guicciardini, in 1560 fent by land to 
Antwerp fome very fine cloths of Paris and Rouen, which 
were highly prized. 

It is probable, however, that tliefe cloths were made only 
of mixed wool. 

A drong confirmation of the early ufe of the bed Spanifh 
wool, unmixed with coarfer by the Italian dates, is fumiftied 
by Richelieu's Political Tedamcnt, printed in 1635, in which, 
fpeaking of the fine woollen manufaftures of France, the 
author lays, “ the Turks prefer the draps de feeau de Rouen 
to all others, next to thole of Venice, which are made of 
Spanidi wool.” 

And the author of tc England's Safety in Trade's In- 
creafe,” written in 1641, tells us, that M the greated part 
of their (the Venetians) wools from Spain, and the reft 
from Conftantinople, is commonly brought in Englifh 
/hipping.” 


In 1646, Nicholas Cadeau and other Frenchmen had let- 
ters patent for twenty years/ for making at Sedan black and 
coloured cloths, like thofe of Holland, of the fined Spanifh 
wool. 

The inhabitants of the north of Europe, as before-men- 
tioned, were not at firft able to manufafture fine Spanifh 
wool, without the affiftance of that which was longer and 
coarfer. But what in the beginning was a matter of uecef- 
fity, became afterwards an objeft of choice 5 and the more 
(kilful clothiers, whether in Holland or elfe where, either 
carding the finer and dearer Spanidi with the coarfer and 
cheaper Englifh, or forming a warp of the latter, which they 
covered with a woof of the former, contrived to make a 
cheap and ferviceable cloth, which pleated the eye equally 
well with the more coftly fabrics of entire Spanidi wool. 
This though generally concealed with great care at the time, 
yet is afterwards candidly acknowledged by writers aftually 
engaged in the commerce of wool, and fufficiently refutes 
the prejudices which had here prevailed from the middle of 
the 16th to the middle of the 17th century. Hence it ap - 
pears that our wool, when placed in connection with Spanidi, 
was chiefly valuable from being well calculated not to im- 
prove "but to adulterate it. 

A treaty between France and Spain in 1659, enabl d 
the former freely to obtain the wool of the latter, and thus 
to gain great advantage over us in the Levant trade. From 
the proximity of France to the woollen manufaftures in the 
north of Spain, it might have been expefted that the French 
would have earlier engaged in this manufafture ; but owing 
to their frequent northern wars, and their attention being 
direfted to the manufafture of filk, the French do not 
appear to have commenced the fabrication of woollens for 
exportation extend vely before the 16th century. About 
this time, France made great progrefs in her manufaftures of 
wool, and in fecuring the export trade, particularly that to 
Tartary, for which (he was better fituated than Holland or 
England. 

The nature of her trade to warm climates direfted her 
attention to the fabrication of finer and lighter cloths, 
than thofe made by her northern neighbours ; in confe- 
quence of which (he preferved the greater part of the 
Turkey trade to the period of the French revolution, and 
in general fine French cloths had attained a celebrity for 
their fuperiority, both in texture and dye, over thofe of any 
other country in Europe. The native breeds of (beep in 
France were greatly impt wed by intermixture with (heep 
imported from Spain. With thefe advantages, France 
might have nearly fecured a monopoly of the finer branches 
of the woollen manufafture, had not the abfurd policy of 
her rulers, in the revocation of the edift of Nantz, driven 
the manufacturing Proteftants to other countries, where they 
contributed, by their exertion, their (kill, connections, and 
capital, to form eftablifhments which rivalled thofe of the 
country from which they were expelled. 

Notwithftanding this, as France fupplied the greater part 
of her own population of twenty millions with cloth, befides 
her foreign exports, we conceive that the woollens manu- 
factured in that country, before the late revolution, equalled 
in quantity the cloth made in England at the time, and 
greatly exceeded it in value. Under the emperor Napoleon, 
the beft Merino (locks were imported in multitudes from 
Spain, which have fpread over the country, and are equal 
to fupply extenfively her manufaftures of woollens, when 
they (hall be again fully eftablithed. Confiderable quan- 
tities of fine wool have been imported from France into 
England fince th? peace of 1815. 
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The confufion attendant on a great revolution, continued 
for twenty years, gave fo fcvere a blow to the manufaftur- 
ing edablifhments of France, that a confiderable time mud 
elapfe before they are completely eftablifhed. Prior to this 
revolution, the fuperfine cloths of France were fuperior 
to thofe of England, in texture, colours, and foftnefs. In 
the finer articles of worded goods, and in the mixed 
worded goods made partly with long combing-wool, and 
partly with fUk or goat’s-wool from the Levant, they fur- 
paffed the manufaftures of this country ; but the manufac- 
turers of the commoner kinds of worded goods, as tam- 
mies and fhalloons, could not rival us in foreign markets 
for want of a proper fupply of wool fuited to the purpofe. 
The following were the principal feats of the fuperfine 
and fine woollen manufactures in France, arranged ac- 
cording to the different qualities of the goods made at 
each, beginning with the fined : 

1. The manufactures of Gobelins. 

2. Of Sedan. 

3. Of Abbeville. 

4. Of Louviers. 

5. Of Elbocuf. 

6. Of Rouen and DarnetaJ. 

Betides feveral detached manufacturing edablifhments of 
Iuperfine cloth in Languedoc, Champagne, and other parts 
of France. 

At the Gobelins, fuperfine cloths of the very firft quality 
were manufactured ; but the manufactures there were con- 
fined folely to the bvoaded white cloth intended to be dyed 
fcarlet or purple, and the brighted colours from cochineal. 

Sedan followed next to Gobelins for the beauty of its 
fuperfine doth3, where they were alfo made of various 
breadths and colours. 

Abbeville may be placed next after Sedan : fome have 
even fuppofed tnat it equalled Sedan in the finenefs of its 
cloths 5 but this arofe from the cloths of the latter place 
being of various forts : the lower kinds were certainly infe- 
rior to thofe of Abbeville ; but the quality of the greater 
part of the cloths of Sedan were of a better kind than the 
average quality of the cloths of Abbeville. In the manu- 
factures of Sedan, each manufacturer confined himfelf to a 
particular kind of cloth, for which he became diftinguifhed, 
lome being celebrated for fine, and others for fuperfine 
cloths exclufively ; whereas in Abbeville, Louviers, and the 
other didriCts enumerated, there were manufacturers who 
made various forts, and the proportion of the fine to the 
fuperfine was greater than at Sedan. 

Elbceuf was one of the mod ancient feats of the woollen 
manufacture in France, but the quality of the cloths made 
there had greatly degenerated from the years 1760 to 1770 ; 
but afterwards the manufacturers returned to the former 
quality of their cloths, which were partly made of the fine 
wools from Berry, and partly from fine Spanifh wool, or 
from a mixture of Spanifh with the bed wools of Berry. 

Rouen and Darnetal may be placed in the fixth clafs of 
manufacturing didrifts of fine cloth, in which the fined 
wools of France were principally ufed, mixed with thofe 
of Spain. 

The edablifhments for the manufacture of common 
cloth and coarfe woollens were much more widely fjpread 
over France. The goods appear to have been principally 
confumed in that country to fupply the demand of a popu- 
lation of twenty millions, and the numerous military elta- 
blifhments, bcfidcs what might be fent to the French 
colonies. 
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As the French never exported any confiderable quantity 
of common or coarfe woollen cloths, the manufaftures 
of thefe articles never equalled in extent thofe of England. 
The circumdance of the coarfe cloth manufafture being fo 
widely fpread over the country, tended alfo to prevent tkat 
degree of rivalry which promotes the fpirit of improvement 
where manufaftures are more concentrated ; add to this, 
the French had not that abundant fupply of the coarfer 
clothing. wools which could enable them to rival us in the 
export of heavy woollen goods. 

The worded manufaftures of France, including ferges 
and thofe goods made with a warp of worded, were princi- 
pally carried on in four of the provinces of France, but more 
extenlively in Picardy than elfe where. The long combing - 
wools which fupplied this manufafture, were partly the 
produce of France, and partly imported from Holland, 
England, Flanders, and Germany. M. Holland, in the 
French Encyclopaedia, deferibing the French manufaftures 
in the year 1783, foon after the American war, fays, that 
during that war the Englifh adminidration tacitly en- 
couraged the exportation of wool to promote the jnterffts 
of agriculture. He describes the French combing-wool as 
being coarfer and more har/h than the wool of Holland, as 
wading much more in the manufafture, and making goods of 
a very inferior quality. The combing-wools of England, 
though generally lefs found and fine, and of a lefs pure 
white, than thofe of Holland, were particularly well fuited 
to fome parts of the worfted manufafture. 

The combing-wools from Germany were coarfe and 
harfh, and only ufed in default of other fupplieb. Very 
fine worded yarn was alfo obtained from Saxony and the 
environs of Gottingen ; but this yarn was tender, and re- 
quired to be mixed with worded yarn from Englifh or 
Dutch wool. The yarn of Turcoign was fuppofed to be 
Dutch, but was principally from Flanders and Artois. 
The goatVwool came from the Levant, by way of Mar- 
feilles, in bales of from 200 to 300 lbs. It fold from four 
livres to twelve livres per French pound ; the price of that 
mod generally ufed was about 4 livres 10 fous per pound. 
The filks ufed in filk camelots, &c. were obtained from 
Paris and Lyons. 

The following table gives the quantity and value of 
wool yarns and worded pieces in Picardy 5 but he fuppofes 
the quantity to be under the real amount, the manufafturers 
concealing the extent of their trade to avoid arbitrary 
taxation. 

IV ool confumed in the Worjled Manufaftures of Picardy . 

fous. livres. 

French wool 3200000 at 22 $$20000 

Dutch ditto 180000 at 40 360000 

Englifh ditto 200000 at 32 320000 

German ditto 100000 at 22 1 10000 

3680000 4310000 

Tarn imported . 

liv. f. 

Yarn of Turcoign 60000 at 8 10 510000 

German yarn - ioocoo at 7 o 700000 

^mohair^-’ "} 220000 at 5 10 1210000 

Silk ufed in fine 7 

worded goods j 20000 lt 35 ° 7 ooooo 

Total value of wool and yarn - - 7450000 

4 M a 
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Brought forward - . 7430000 

Combing and (ginning 3680000 lbs. of wool 4310000 
Winding, warping 9 and weaving - - 4770000 
Dyeing of yarn and pieces ... 1 90000 

Profit of the wool-dealers, manufacturers 1 300000 


Total value of 150000 pieces coming from ] 
the manufacturer J 

Value of dyeing. wares 
To which carriage and profit of the mer -1 
chant and draper ] 

Total value of worded goods in Picardy 


1 8000000 
500000 


20500000 


One million and fifty thoufand pounds weight of wool 
wete alfo confumed in hofiery in the fame province, of 
which the greateft part was native ; and the remainder about 
two hundred and fifty thoufand pounds weight from Hol- 
land, The number of working manufacturers in Picardy 
is thus dated : 

50000 men who gain 140 livres per annum 7000000 

50000 women 70 - 3500000 

150000 children 40 6000000 

The greater part of the manufacturers refided in the 
country, and were employed part of the time in agriculture ; 
this was alfo the cafe with the manufacturers in the towns, 


in their flocks. And as this change was attempted in w 
more enlightened period, and conducted by feientific men, 
the bed means were adapted to promote the improvement, 
and new breeds of fheep have been introduced into both 
countries. The fame remark applies to Saxony and other 
circles of the German dates, and even Hungarian flocks 
are not without evident indication of a change for the 
better. 

Of the worded manufacture as didinCt from the woollen, 
we have little information refpeCting its origin. It com- 
prife8 all thofe goods made of combed wool in diftinftion 
from carded wool. We are unacquainted with the period 
when the wool- comb was invented, or when worded goods 
were fird manufactured. It is probable, that worded 

f oods were originally woven in the Ead, and that the 
nowledge of them was brought into Europe either by the 
Armenian merchants, or thofe who returned from the ex- 
travagant expeditions which were undertaken for the reco- 
very of the Holy Land from the dominion of the infidels. 
The garments which are now worn by the Turks, fome of 
which feem to have been produced by means of the comb, 
the incidental mention of that indrument in an account 
which we have of Angora, and the demand for worded 
goods through the Levant, confirm the conjecture, and lead 
us to fuppofe, that there ex id very confidcrable manufac- 
tures of this kind in the Turkifh empire, although we know 
little more of its domeftic and rural condition, than can be 


fo that not more than eight months in the year were de- 
voted to manufactures. This change of employment, fo 
conducive to the health and comfort of the labouring 
claffes, may be regarded as preferring the happied form under 
which manufactures can be carried on. This was alfo in a 
coniiderable degree the fituation of the woollen and worded 
manufacturers in Yorkfliire, before the late introduction of 
machinery had driven the population into large factories ; 
a change which may be regarded as one of the greateft 
evils that ever afflicted civilized fociety, tending direCtly to 
degrade and enfeeble the human race, and to render man a 
wretched machine, a prifoner from the cradle to the work- 
houfe or the grave, devoid of moral feeling and phyfical 
energy. 

What was the extent of the worfted manufacture in the 
other provinces of France where it was carried on, we have 
no correCt means of afeertaining. In the middle of the 
laft century, the export of cloths and worfted goods from 
Languedoc alone amounted annually to about 60,000 
pieces, fent to the Levant and to Barbary. At that time 
alfo, Spain, and all the countries bordering the Mediterra- 
nean, received worfted goods from Fiance. In the variety 
of worfted articles, in the ingenuity of the patterns, and the 
fuperiority of the workmanfhip, as well as of the dyes, 
France may be regarded as having furpaffed any other na- 
tion in Europe, prior to the year 1780, or about the clofe 
of the American revolution. Since that period, the manu- 
factures of England have aftonifliingly increafed, and have 
obtained a decided preference in foreign markets. 

The woollen manufactures of Saxony and Germany have 
been long eftablifhed ; the fugitives from the ediCt of Nantz 
contributed much to improve and extend them. During 
the late war, all the manufactures in Germany and every 
part of the European continent fuffered greatly, but are at 
prefent rapidly reviving, and will abridge the amount of our 
exports in Europe. 

In Ruffia, Sweden, and Denmark, the woollen manufac- 
ture, as a diftind occupation, is comparatively new ; yet 
it has exifted long enough to produce great alteration 


obtained from the moll vague accounts and uncertain de- 
ductions. After the art of fpinning worfted yarn was 
known in the weft of Europe, the looms of the Nether- 
lands became aCtive in converting it into thofe peculiar kinds 
of goods to which it was adapted, and it feems as though 
the diftinCtion between thefe and woollen articles was not 
generally noticed until fome years afterwards. It might have 
been expeCted from the nature of the article, that the manu- 
facture of worfted goods fhould in many fouthern countries 
have preceded that of cloth. Long-ftapled wool fuited to 
the comb feems more fpontaneoufly the produce of unculti- 
vated fheep, than fhort wool, which is to be manufactured 
by carding, and its mode of manufacture more nearly re- 
fembles that of flax ; hence it is not improbable, that worfted 
goods were made in Egypt and the Eaft before the manu- 
facture of woollen cloth. This is, however, uncertain. 

In the manufacture of long wool, the fibres are arranged 
parallel to each other, like thofe of flax ; but before they 
are fpun, they require to be laid even by fome kind of in- 
ftrument, which fhall feparate the fibres, that they may draw 
out eafily in fpinning. A. comb of a very Ample conftruc- 
tion, with a few wires for the teeth, was probably firft made 
ufe of. It was afterwards found, that the application of 
heat to the comb contributed more effe&ually to the regu- 
lar arrangement of the fibres ; and thus the invention of the 
common wool-comb arofe, but at what period is unknown. 
Vulgar tradition aferibes the invention to bifhop Blaize, who 
firft ufed it in Alderney ; but there does not appear any au- 
thority in fupport of this opinion. The bifhop lived in 
Armenia, and was raifed to the epifcopal dignity about the 
time of Dioclefian, and fuffered martyrdom under that 
tyrant. Before he was beheaded, he was tortured with 
iron combs, with which his flefh was torn ; and hence when 
an inftrument of that kind was brought into common ufe> 
the workmen chofe him for their patron faint. The tradi- 
tions of the origin and progrefs of the worfted manufa&ure 
are thus extremely imperfeCt ; we fhall have occafion to fpeak 
of its introduction and progrefs in this country in the fol- 
lowing feCtion. 



452 WOOLLEN MANUFACTURE 


(itjz and Progrefs of the Woollen Manufactures in England . 
— Ttie Romans* as we have ftated on the authority of 
Camden* had a cloth manufacture at Winchefter. The fir ft 
account of any diftinCt body of manufacturers afterwards 
occurs in the reign of Henry I., but either the people of this 
country were wholly clothed in Ikins or leather in the inter- 
vening {‘pace, or, what is more probable, coarfe cloths were 
manufactured in a rude manner in moft of the towns and 
villages in England. A great part, however, of the drefs 
of the labouring claffes in the country was made of leather, 
particularly the breeches and waiftcoats, even till the prefent 
reign. George Fox, the founder of the Quakers, in the 
reign of Charles I.* travelled on his miflions through the 
country, buttoned lip in a leathern doublet, or waiftcoat with 
fleeve8, which fupplied the place of a coat. This was not, 
as his adverfaries afterwards affirmed, from any fupcrftitions 
prejudice refpeCting that coftume ; it was the common dreis 
of the labouring mechanics at that time, to which clafs he 
belonged. 

The firft account of any foreign weavers fettled in 
England is recorded by William of Malmfbury and Giraldus 
Cambrenlis, who relate that a number of Flemings were 
driven out of their own country, by an extraordinary en- 
croachment of the fea in the time of William the Conqueror. 
They were well received, and fir ft placed in the neighbourhood 
of Carlifle, and on the northern frontier ; but not agreeing 
with the inhabitants, they were tranfplanted^ by Henry I. 
into Pembroke (hire. They are faid to have been fkilfnl in 
the woollen manufacture, and are fuppofed to have firft intro- 
duced it into England as a feparate trade. Cloth-weavers 
are mentioned in the exchequer accounts as exilling in various 
parts of England in the reign of Henry I., particularly at 
London and Oxford. The weavers of Lincoln and Hun- 
tingdon are reprefented as paying fines for their guild in the 
5th of Stephen ; and in the reign of Henry II. ( 1 189), there 
were weavers in Oxford, York, Nottingham, Huntingdon, 
Lincoln, and Winchefter, who all paid fines to the king 
for the privilege of carrying on their trade. (Chronicon 
Pretiofum, p. 64.) There were alfo cloth dealers in various 
parts of York (hire, Norwich, Huntingdon, Gloucefter, 
Northampton, Nottingham, and Newcaftle-upon-Tyne ; alfo 
feveral towns in Lincolnfhire, and at St. Alban's, Baldock, 
Berkhamftead, and Cheilerfield, who paid fines to the king 
that they might freely buy and fell dyed cloths. Thefe are 
fuppofed to have been cloths imported from the Flemings. 
Trie red, fcarlet, and green cloths, enumerated among 
the articles in the wardrobe of Henry II., were moil 
probably foreign, as the Englifli had attained little flrill 
at that lime in the art of dyeing. Madox’s Hiftory of the 
Exchequer. 

In the 31ft of Iienry II. the weavers of London received 
a confirmation of their guild, with all the privileges they 
enjoyed in the reign of Henry I. ; and in the patent he 
direaed, that if any weaver mixed Spaniffi wool with Englifli 
in making cloth, the chief magillrate fluuild feize and burn 
it. (Stowe's Survey of London.) This abfurd edict was 
iffued under the pretext of the inferiority of the Spanifli 
wool, but was doubtlefs intended to encourage the growth 
of Englifli wool, an article from which our kings derived a 
confiderable revenue. The circumftance rather proves the 
fuperior excellence of Spanifli wool at that time, and the 
jealoufy which its importation bad excited among the Englifli 
wool-growers. 

In the reign of Henry III. an aCl was paffed limiting the 
breadth of broad-cloth6* ruifets* See, to two yards within 
the lifts. In the year 1284, foreign merchants were firft 
permitted to rent houfes in London, and buy and fell their 


own commodities, without any interruption from the citi- 
zens. Previous to this date they hired lodgings* and their 
landlords were the brokers* who fold all their goods* and 
received a commiffion upon them. It was foon after pre- 
tended that the foreign merchants ufed falfe weights* and a 
clamour being raifed againft them, twenty of them were 
arrefted and lent to the Tower. Amidft the numerous 
abfurd reftriCtions to which commerce and manufactures 
were fubjeCted, we need not be furprifed at the little pro- 
grefs which they made. 

The materials which hiftory affords refpeCting the woollen 
manufacture before the reign of Edward III. are but 
fcanty ; it appears that the office of aulnager* or cloth 
infpcCtor, was very ancient. In the reign of Edward I. 
we are informed by Madox, that Pcroult lc Tayleur, who 
held the office of aulnager of cloth in the feveral fairs of 
the realm, having forfeited it, the king, by writ of privy 
feal, commanded the treafurerto let Pieros de Edmonton have 
it, if he were fit for it, and a writ was made out accordingly* 
and he took the oaths of that office before the treafurer and 
barons. The fads above-ftated prove the exiftence of 
the cloth manufacture in England before the time of Ed- 
ward III., who is generally fuppofed to have firft intro- 
duced the art into the kingdom. There is no doubt, that 
a new impulfe was given to it during this reign by the 

liberal protection granted to foreign manufactures here : 
in all probability, they firft introduced the manufacture of 
fluffs from combed wool orworfteds; an art requiring more 
flrill, and more complicated proccffes, than are employed in 
the making of cloth. 

In the year 1331, John Kemp* a matter manufacturer 
from Flanders, received a protection toeitablifh himfelf here 
with a number of dyers and fullers to carry on his trade, 
and in the following year feveral manufacturers came over 
from Brabant and Zealand. It is faid, that the king's 
marriage with the daughter of the earl of Hainault enabled 
him to fend over emiftaries without fufpicion, to invite the 
manufacturers to this kingdom. Thefe manufacturers were 
diftributed over the country, at the following places : — The 
manufacturers of fuftians (woollens) were* eftablifhed at 
Norwich, of baize at Sudbury in Suffolk, of fayes and 
ferges at Colchcftcr in Effex, of broad-cloths in Kent, of 
kerfics , in Devonfliire, of cloth in Worcefterfliire and 
Glouceflerfhire, of Welfli friezes in Waleo, of cloth at 
Kendal in Weftmoreland, of coarfe cloths, afterwards called 
Halifax cloths, in Yorkfliirc, of cloth in Hampfliire, Berk- 
fhire, and Suffex, and of ferges at Taunton in Devonfhire. 

( Rymer's Foedera, vol. i. p. 195.) Frefh fupplies of fo- 
reigners contributed to advance the woollen trade of thefe 
diftriCts. 

Kendal, in Weftmoreland, claims the honour of firft receiv- 
ing John Kemp, where his defendants ftiil remain, and the 
woollen trade is at prefent carried on. In the following reign* 
we find the manufacturers of Kendal petitioning to be re- 
lieved from the regulations impofed on broad-cloths. Ken- 
dal green is mentioned by Shakfpcare as an article of drefs 
in the time of Henry IV., and there is reafon to believe, 
that in the reign of Elizabeth, the woollen manufactures 
of that town were as extern five as at prefent. 

In the year 1336, two woollen manufa&urers from Bra- 
bant fettled at York, under the king's protection : they are 
ftiled in the letters of protection* “ Willielmus dc Brabant 
& Hanckcinus de Brabant, Textores." Thefe perfons 
probably laid the foundation of the woollen and worfted 
manufactures, which have fince fo extenfively flouriflied in 
the weftern part of that county. It is not very impro- 
bable* that the maaufaCt urer Haiicks* called Hanckcinus* 
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gave the name to the fkein of worfted, which is to this day 
called a hank. 

The references which we have foon afterwards to the 
woollen manufa&ure, as exifting in the diftriCts before- 
named, tend to confirm the belief, that the diftribution of 
the foreign manufacturers we have given i9 correCt. About 
this time, we learn that Thomas Blanket, and other inhabit- 
ants of Briflol, fet up looms in their own houfes, but were 
fo haraffed by the impofitions of the mayor and bailiffs of 
the place, that they were obliged to obtain letters from the 
king to permit the free ufe of their trade, without impedi- 
ment, calumny, or exa&ion. The letter to the mayor and 
bailiffs accufes them in the following terms : “ vos divcrfas 
pecuniae fummas ab eifdem Thomas et aliis exigitis et ea 
occafione multiplicitcr inquietatis et gravatis, ut afferunt.” 
Dr. Parry has conjeCtured, that blanket, which 'at firft meant 
a coarfe white undreffed cloth, derived its name from the 
fame Thomas Blanket of Briflol. The encouragement 
given to the woollen manufacturers during this reign, and 
the confequent confumption of wool at home, dimini fhcd 
the export of it fo much, that a duty was laid on cloth ex- 
ported to fupply the place. Blackwell-hall was appointed 
by the mayor and common council of London for the 
market, where cloth manufacturers might fend their goods 
for fale, in the year 1357. 

In the courie of the reign we find fever al other a&s re- 
lating to the mcafurement and fulling of cloth, and the fees 
to be paid to the aulnager. 

In order to form a more diftinCt idea of the relative value 
of wool, cloth, and other articles, after and before the reign, 
it may be proper to refer to the (late of the filver coinage. 


Grains. 

The 28 Edward I. one (hilling contained 

18 Edward III 

27 Edward III. - 

9 Henry V. - 

1 Henry VI. - 

4 Henry VI 

49 Henry VI 

1 Henry VIII 

34 Henry VIII 

36 Henry VIII. - 

37 Henry VIII 

3 Edward VI 

5 Edward VI 

6 Edward VI. - 

2 Elizabeth - 

43 Elizabeth .... 

at which it continued to the prefent reign. 

The following account of the exports and imports in the 
28th of Edward III., faid to be found in a record of the 
exchequer, was publifhed by Edward Miffeldon, merchant, 
in the year 1623. 

Export * . £ j. d. 

Thirty -one thoufand fix hundred and fifty - "1 

one facks and a half of wool, at fix > 1 89,909 o o 
pounds value each fack, amount to - j 
Three thoufand thirty-fix hundred and! 

fixty-five felts at 40*. value, each hun- v 6,073 1 8 
dredat fix fcore, amount to - -J 

Whereof the cuflom amounts to - - 81,624 1 1 

Fourteen laft, feventeen dicker, and five! 

hides of leather, after fix pounds value > 89 5 o 

the laft, amount to - - - - J 

Whereof the cuflom amounts to - - 6 17 6 


264 

236 

213 

176 

I+ < 

176 

142 

118 

100 

60 

40 

40 

20 

88 

89 

86 


277,702 5 3 
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£ s. J. 

Brought forward - 277,702 5 3 

Four thoufand feven hundred and feventy-*] 
four cloths and a half, after 401. value Q,C4Q o o 
the cloth, is - - - -' - 

Eight thoufand and fixty-one pieces and a 

half of worfted, after 1 6s. 8 d. value the 6,717 18 4 

piece, is 

Whereof the cuflom amounts to - - 215137 


Summary of the out-carried commodities *) Q 

in value and cuflom - - -J 2 94>*°4 1 7 


Imports . 

One thoufand eight hundred and thirty- ! 
two cloths, after fix pounds value the > 
cloth - - - - - - j 

Whereof the cuflom amounts to - 
Three hundred and ninety-fe\en quintals! 
and three quarters of wax, after the > 
value of 40J. the hundred or quintal - J 
Whereof the cuflom is - 

One thoufand eight hundred and twenty- 
nine tons and a half of wine, after 40/ 
per ton - 

Whereof the cuflom is 
Linen cloth, mercury, and grocery-wares, 
and all other manner of merchandize - 
Whereof the cuflom is ... 


i 


10,922 o 
91 12 
795 10 
19 17 
3>659 o 

182 o 
23,014 16 
285 18 


o 

o 

o 

o 

o 

o 

o 

3 


Summary of the in-brought commodities,] 
in value and cuflom, is 


38,970 13 


Summary of the impulfage of the out-i 
carried above the in-brought commo- J- 
dities, amounteth to - 


^255,214 3 


3 

11 


Admitting the correCtnefs of this ftatement, which we 
have no reafon to doubt, we mull obferve, that the cloth 
imported was of a higher value per yard than the cloth ex- 
ported. Hence it' may be inferred, that for feveral years 
after the arrival of the Flemifh weavers, we were partly 
dependent on foreigners for our fine cloths ; the coarfer 
kinds then, as at the prefent day, forming the larger quan- 
tity of our exports. It is obvious alfo, that worfted goods 
had become an article of manufacture, nearly equal in im- 
portance with the woollen ; and hence it is not impro- 
bable, that the greater part of the Flemifh manufacturers 
were makers of fluffs and worfted goods, which was pro- 
bably an entirely new trade in England. 

The ftatutes in the following reigns, relating to the 
woollen manufacture, prove the narrow and felfifh policy 
by which the manufacturers were influenced : thefe ftatutes 
refer either to reftriCtions which they wanted to impofe, 
in order to confine the trade to themfelves, or are made 
to prevent them from fraudulently packing or weaving 
their goods. In confequence of thefe fraudulent practices, 
the 13th ftatute of Richard II. makes the following regu- 
lations, which are curious, as marking the fpirit of the 
manufacturers, and alfo as proving the early eitablifhment 
of the woollen trade in the weftern counties, where it now 
flourifhes. It runs thus : “ Forafmuch as divers plain 

cloths, wrought in the counties of Somerfet, Dorfet, Briflol, 
and Glouceller, be tacked and folded together for fale ; of 
which cloths a greater part be broken, bruifed, and not 
agreeing in the colour, neither according to the breadth, nor 
in no manner to the part of the fame cloths (hewed outwards, 
but falfely wrought with divers wools, to the great lofs and 


Carried forward 
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damage of the people, infomuch that the merchants that 
buy the fame, and carry them out of the realm to fell to 
tlrangers, be many times in danger to be (lain, and fome- 
times imprifoned and put to fine and ranfom. Therefore it 
is ordained, that no plain cloth tacked and folded lhall be 
fet to lab within the fame comities.” The fame aCt permits 
certain cloi/is of coarfe wool to be made of the breadth 
of three quarters, and appoints one weight and meafure 
through the kingdom, except in the county of Lancalter. 
Another ftatute, in the fame reign, allows every perfon to 
make cloth of what length and breadth he will, provided the 
aulnage and other duties are paid, and it be meafnred and 
fealed by the king’s aulnager, ami contain no deceit. The 
kinds of worfted goods which might or might not be 
exported, were alfo fpecified in this ftatute. During this 
reign it appears, notwithftanding the increafe of our trade, 
that we annually exported about one hundred and thirty 
thoufand packs of wool, paying a duty of one hundred 
and iixty thoufand pounds. 

In the 4th of Henry IV. the cloths made in London 
and the fuburbs were ordered to have a feiil of lead attached, 
and in a fubiequeut ftatute no cloths were to be folded be- 
lore the aulnager had fet his fcal to them. In the following 
reign, the narrow cloths, called the dozens of Devonlhire 
and Cornwall, are ordered to pay cocket cuftoms, after the 
rate of broad -cloths. 

In the reign of Henry VI. the exportation of woollen 
yarn is prohibited, and this prohibition feems to have been 
in full force when wool was allowed to be freely exported. 
'Flic only reafon afligned for this is, that the yarn paid no 
duty. During this reign two cloth- fearchers were appointed 
for every hundred throughout the realm, who were to in- 
fpeft and feal all cloth, taking one penny for each. This 
proves that the manufa&ure of woollens had fpread over a 
great part of the kingdom. It is probable that this inflec- 
tion extended to all cloths made in private families, which 
were font to the fulling-mills. 

The worfted trade was alfo increafing rapidly at this time : 
four wardens of worfled-weavers were appointed for the city 
of Norwich and two for the county of Norfolk, who were 
to make due fearch of worftcd6, and of what length and 
breadth they were made. In the fame reign it was ordained, 
that u if our woollens were nor received in Brabant, Holland, 
and Zealand, then the merchandize growing or wrought 
within the dominions of the duke of Burgoine lhall be 
prohibited in England, under pain of forfeiture.” Hence 
wc learn, that we very foon began to fupply thefe fame 
countries with woollens and worileds, from which wc had 
received workmen a century before. 

In the third year of Edward IV. the woollen trade had 
increaled fo much, that the importation of woollen cloth, 
caps, See . wa* prohibited. Woollen caps or bonnets were 
then univerfally worn; they were titber knitted or made of 
cloth, and a large quantity of wool mult have been con- 
fumed in their fabrication. About the year 1482, hats 
made from felts were introduced ; but the manufacturers of 
caps, called the cappers, continued a powerful body a cen- 
tury afterwards. I11 the fame reign, the wardens of worfteds 
at Norwich were doubled, or increafed to eight. 

The manufacture of fine broad-cloth rr.ult have been con- 
tiderably improved about this time ; for in the fourth of 
Henry VII. it was thought prudent to fix a maximum on 
the price of fine cloth, by which every retailer of cloth 
who fhould fell a yard of the fiueit fcarlet grained cloth 
above fix teen {hillings, or a yard of any other coloured 
cloth above eleven fhulings, wa3 to forfeit forty fhillings f>rr 
yard for the fame. 
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In the year 1493, in confequence of a quarrel between 
Henry VII. and the archduke Philip, all intercourfe be- 
tween the Engliftt and Flemilh ceafed, and the mart for 
Englifh goods was transferred from Antwerp to Calais. 
This interruption to the regular courfe of trade was feverely 
felt by the woollen manufacturers. Lord Bacon, mention- 
ing the renewal of the trade with Flanders, which took 
place again in 1496, fays, u By this time the interruption of 
trade between the Englifh and Flemifh began to pinch the 
merchants of both nations very fore. The king, who loved 
wealth, though very fenfible of this, kept his dignity fo far 
as fir ft to be fought unto. Wherein the merchant adven- 
turers likewife did hold out bravely ; taking off the com- 
modities of the kingdom, though the^ lay dead upon their 
hands for want of vent.” The merchant adventurers he 
deferibes a3 “ being a ftrong company, and underfet with 
rich men.” It is not, however, very probable, that this 
company would continue to purchafe goods without a pro- 
fpeCt of gain. Thefe merchant adventurers were divided 
into two bodies ; thofc of London, which were the moll 
powerful ; and the merchant adventurers of England, who 
paid a fine to the former on all goods fold at the foreign 
marts. 

In the reign of Henry VIII. the woollen trade, and par- 
ticularly all kinds of worfted manufactures, appear to have 
been in a very flourifhing ftatc, though trade fullered feveral 
fevere checks from the wars in which wc were engaged. 
In the year 1327, Henry having entered into a league with 
France againit the emperor Charles V., all trade with Spain 
and the Low Countries ceafed. The goods fent to Black- 
well-hall found no purchafers, the merchants having their 
warehoufes filled with cloths ; the poor manufacturers being 
thus deprived of employment, an iufurreftion took place in 
the county of Suffolk, where four thoufand of them affem- 
bled, but were appealed by the duke of Norfolk. The 
merchants were lummoned to appear before cardinal 
Wolfey, who in the name of the king reprimanded them in 
an angry tone for not purchaling the goods brought to 
market, and threatened them that his majelty would open a 
new mart at Whitehall, and buy of the clothiers to fell 
again to foreign merchants ; to which menace one of them 
pertinently replied, u My lord, the king may buy them as 
well at Black well-hall, if it pleafes him, and the llrangers 
will gladlier receive them there than at Weftmimier.” — 

“ You lhall not order that matter,” faid the cardinal ; u and 
I (hall fend into London to know what cloths you have on 
your hands, and by that done, the king and his council lhall 
appoint who lhall buy the cloths, I warrant you.” With 
this aniwer the Londoners departed. Grafton’s Chro- 
nicle, vol. ii. p. 1167-8. 

The interference of the cardinal raifed the fpirits of the 
manufacturers for a time, but originating in ignorance of 
the nature of trade, it could only have a temporary effeft, 
and goods fell again till a truce between England and 
Flanders was made for the benefit of trade. This fad 
lliews the dependance of England, even at that time, on the 
export of manufactured woollens. In this reign we find 
Lancalhire and Chefhire firft named as feats of the manu- 
facture of coarfe woollens ; they are mentioned, together 
with Cornwall and Wales, as diftriCts where friezes were 
made. It appears from various references, that Norfolk 
and Suffolk were then flourifhing feats of the worfted ma- 
nufacture, and of all goods made with a worfted warp. 
Wardens were allowed to the towns of Yarmouth and 
Lynn, but with a felfifh reftriCtion, that the pieces were to 
be dyed, fpun, or callendercd in the city of Norwich. In 
the Ja£ year of this reign, an aft was p;;ffed to prevent any 
12 



WOOLLEN MANUFACTURE 455 


perfons befides woollen manufadurers, who bought wool for 
their own ufe, and merchants of the ftaple, who bought for 
exportation, to purchafe wool with the intent to fell again. 
This aft extended to twenty-eight counties, and fecured 
a monopoly of the wool to the merchants of the ftaple, 
and to the rich clothiers. In the firft year of the fol- 
lowing reign, Edward VI., it was repealed, fo far as 
to allow every perfon dwelling in Norwich and Norfolk, to 
buy wool the growth of that county, by themfelves or 
agents, and retail it out in open market. The reafon af- 
figned is this : That almoft the whole number of poor in- 
habitants of the county of Norfolk and city of Norwich 
had been ufed to get their living by fpinning of Norfolk 
wool, which they ufed to purchafe by eight pennyworth or 
twelve pennyworth at a time, felling the fame again in yarn ; 
and becaufe the grower chofe not to parcel it in fuch fmall 
quantities, therefore for the benefit of the poor, the wool of 
Norfolk was allowed to be purchafed by wool-dealers. 
By this ad, the 33d of Henry VIII., for prohibiting the 
exportation of yarn is made perpetual. The manufadure 
of woollens in the counties adjoining London appear to 
have been extenfive, particularly in the county of Berkfhire ; 
for in the beginning of the reign of Henry VIII., John 
Winchcotnbe, of that county, commonly called Jack of 
Newbury, was celebrated as the greateft clothier in Eng- 
land. He kept one hundred looms in his own houfe, and 
in the expedition againft the Scotch, he fent to Flodden- 
field one hundred men, fully equipped, at his own expencc. 
Even fo early as the 13th century, one Thomas Cole was 
diftinguifiied by the name of the rich clothier of Reading, 
in Berkfhire. 

York, then the fecond city in the kingdom, and from its 
connedion with the port of Hull well fituated for the 
export trade, was probably an early feat of the woollen 
manufadure. We have already mentioned the fettlemcnt 
of two clothiers from Brabant in the time of Edward III. 
We do not learn precifcly in our early hiftorians, when the 
manufadures emanated from that city into the weftem parts 
of the county ; but from an ad in the 34th of Henry VIII. 
wc are informed, that the chief manufadure of that city 
was the making of coverlets ; the ad recites, “ that the poor 
of that city were daily employed in fpinning, carding, 
dyeing, weaving, & c. for the making of coverlets-, and that 
the fame have not been made clfewhcre in the faid county 
till of late ; that this manufadure had fpread itfelf into other 
parts of the county, and was thereby debafed and difere- 
dited, and therefore it is enaded, that none (hall make 
coverlets in Yorkfttire but the people of York.” Thus we 
fee, under the flimfy pretext of public benefit, the manufac- 
turers were willing to difguife that fellifti fpirit of monopoly , 
which difgraccs almoft every page of our commercial hif- 
tory. The municipal regulations of the city of York, 
which were, and ftill continue to be, hoftile to a free trade, 
probably obliged many manufadurers, who were not 
fharers m the monopolies of the guild, to eftablifh them- 
felves in the weftem villages of the county, where provifions 
were cheaper, and where they could carry on their trade 
without reftridion. In the reign of Philip and Mary, foon 
after this period, we have the following interefting account 
of Halifax, in confequence of an ad parted in the 37th of 
Henry VIII. to prevent any other perfons than merchants 
of the ftapie and woollen manufadurers from buying wool 
in the county of Kent and twenty-feven (hires. The poorer 
manufadurers, who were unable to lay in their ftock of 
wool at one time, being hereby deprived of their trade, 
made application for redrefs, which was granted. The act 
recites as follows ; “ Whereas the town of Halifax being 


planted in the great wafte and moors, where the fertility of 
the ground is not apt to bring forth any com nor good 
graft, but in rare places, and by exceeding and great in- 
duftry of the inhabitants ; and the fame inhabitants alto- 
gether do live by cloth-making, and the greater part of 
them neither getteth corn, nor is able to keep a horfe to 
carry wools, nor yet to buy much wool at once, but hath 
ever ufed to repair to the town of Halifax, and there to buy 
fome two or three ftone, according to their ability, and to 
carry the fame to their houfes, three, four, or five miles off, 
upon their heads and backs, and fo to make and convert the 
fame either into yarn or cloth, and to fell the fame, and fo 
to buy more wool of the wool-driver ; by means of which 
induitry, the barren grounds in thofe parts be now much 
inhabited, and above five hundred houleholds there newly 
increafed within thefe forty years, paft, which now are like 
to be undone and driven to beggary by reafon of the late 
ftatute (37th of Henry VIII.) that taketh away the wool- 
driver, fo that they cannot now have their wool by fuch 
fmall portions as they were wont to have, and that alfo they 
are not able to keep any horfes whereupon to ride or fetch 
their wools further from them in other places, unleft fome 
remedy may be provided. It was therefore cnaded, that it 
(hould be lawful, to any perfon or perfons inhabiting within 
the pariftt of Halifax, to buy any wool or wools at fuch 
time, as the clothiers may buy the fame, otherwife than by 
engrofiing and foreftalling, fo that the perfons buying the 
fame do carry the faid wools to the tovn of Halifax, and 
there to fell the fame to fuch poor folks of that and other 
parifhes adjoining, as (hall work the fame in cloth of yarn, 
to their knowledge, and not to the rich and wealthy clothier, 
or any other to fell again. Offending againft this ad to 
forfeit double the value of the wool fo fold.” 

From this we learn that many woollen manufadurers had 
been either driven from York at an early period, by the op- 
preflion of the municipal regulations, or had retired where 
provifions were cheaper, and where they had better dreams 
for the eredion of fulling-mills, and For other proceffes of 
the manufacture, fuch as dyeing and fcouring. 

The woollen manufactures alfo gradually retired from 
the vicinity of the metropolis, owing to the increafed price 
of provifions and labour, and probably alfo to the difficulty 
of obtaining commodious dreams for the fcouring and full- 
ing of cloth, when the country round London became more 
populous. In the latter part of the reign of Henry VIII. 
we are informed, that the king demifed to William Webbe the 
fubfidy and aulnage of all cloth made in the county of Mon- 
mouth, and in the twelve (hires of Wales. A former a& 
of this reign, fpeaking of the manufacturers of North Wales, 
fays, they had been ufed to fell their cloths fo craftly and 
hard rolled together, that the buyer could not perceive the 
untrue making thereof. Thefe ads prove the extenfion of 
the woollen manufactures weftward. 

I11 the fame reign, an a A mentions the woollen manufac- 
tures as being eftabhftied in Worcefterlhire, but prohibits 
any one from making cloth in the county, except within 
the city of Worcefter, and in the towns of Eveffiam, Droit- 
wich, Kidderminfter, and Bromfgrove; and forbids the 
owners of houfes in thofe places from letting them at ad- 
vanced prices to the cloth-nunufadurers. The woollen 
manufadure has continued to the prefent day at the two 
laft of thefe towns. In the reign of Edward VI. Coventry 
and Manchefter are mentioned as manufaduring places. 
The manufadurers in the old eftabhftied feats of the woollen 
trade appear to have been greatly alarmed at the extenfion 
of the cloth manufadure, and to have exerted all their in- 
fluence to reflrain it. Near the conclufion of the reign ot 
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Philip and Mary, an aft in 53 feftions was pafled, relating 
to the making of woollen cloths. It enafts, that no perfon 
(hall make woollen cloth but only in a market-town, where 
cloth hath commonly been ufed to be made for the fpace of 
ten years lad paft, or in a city, borough, or town cor- 
porate. From this redrifting aft, however, the following 
exceptions are made : to all perfons who dwell in North 
Wales or South Wales, Chefliire, Lancafhire, Wedmoreland, 
Cumberland, Northumberland, the bifhopric of Durham, 
Cornwall, Suffolk, Kent, the town of Godalmin in Surrey, 
or in Yorkftiire,, being not within twelve miles of the city 
of York, or any towns or villages near the river Stroud in 
Gloucederfhire. This aft, fo abfurd and oppreflive, was 
obliged to be modified in the fird year of the following 
reign, by an aft entitled An Aft tor the continuing and 
making of Woollen Cloths in divers Towns in the County 
of Edex.” Bocking, Watherfold, Cockfhill, and Dodham, 
are the towns fpecified. 

In confequence of the increafe of our manufaftures, the 
export of wool had nearly ceafed before the reign of Eliza- 
beth ; and a confiderable advance appears to have taken 
place in the price of food, clothing, and rents. The ex- 
port trade of England was carried on very extenfively by 
three companies of merchants, the merchants of the Still- 
yard, who were foreigners, the merchants of the Staple, 
and the merchant adventurers, who were Englifh. See 
Stilly ard, Staple, and Adventurers. 

The merchants of the Stillyard were of ancient (landing, 
and were originally from the Hanfe towns : they had great 
privileges granted them, and particularly they were allowed 
to export and import ail wares and merchandize, on pay- 
ment of the fmall duty of one and a quarter per cent . This 
gave them a decided advantage over the other companies ; 
and it is alleged that they lent their name to cover the im- 
port and export of goods belonging to private merchants, 
and thereby evaded the regular duties on fuch goods. This 
company had engroffed a confiderable part of the cloth 
trade. In the year 1551 they exported 44,000 cloths; 
foon after which this company was diffolved. The mer- 
chant adventurers fucceeded to that branch of their trade : 
according to the account of John Wheeler, fecretary to 
the company, there were annually (hipped by them 
60,000 white cloths, worth 600,000/., and 40,000 cloths 
of all forts, baizes and kerfie8, worth 400,000/., befides 
wool and woolfcls. We are told by Camden, that, in 
this reign, the commerce between England and the Nether- 
lands rofe to above twelve millions yearly, and the woollen 
trade alone amounted to five millions. The Latin terms 
which Camden employs, milliones aureorum , leaves the 
amount intended uncertain : if we fuppofe it to be ducats, 
the quantity is much greater than England exported at that 
time ; probably florins were intended, which makes the 
amount about 750,000/. 

Befides the exports to Antwerp, Englifh cloth was at 
this time fent to Amderdam, Hamburgh, Sweden, Ruflia, 
and other countries. The woollen trade of England had 
now advanced to a higher ftate of profperity than at any 
former period ; and from this time it appears to have de- 
clined until after the revolution of 1668. In this reign, 
the price of wool, which we believe to mean long or comb- 
ing wool, had advanced from 13/. 4 d. to 22;. per tod ; and 
the (hilling containing the fame weight of filver as our late 
coinage, viz. 86 grains, the relative value of a tod of long 
wool was ctnfidcrably more than it has ever been during the 
prefent reign. 

The declenfion of our manufaftures in the fucceeding 
reigns of the Stuarts, as we have reafon to believe, extended 
much more to woollen cloths than to worked pieces. Long 
Vol. XXXVIII. 
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wool, or combing-wool, was more the peculiar produce of 
England than clothing-wools. The latter were grown in 
abundance, and of a uiperior quality, in Spain, Portugal, 
and France ; but the combing-wools of England, on account 
of the fuperior foundnefs of the ftaple or fibre, and the 
quantity fupplied, gave a decided advantage to our manu- 
fafturers of (tuffs or worded pieces. 

The persecution of the Proteflants by the duke of Alva 
in the Netherlands drove multitudes of the manufafturers 
into England, where they were gracioufly received by Eli- 
zabeth, who gave them liberty to fettle at Norwich, Col- 
chefter, Sandwich, Maidilone, and Southampton. Thefe 
refugees contributed to extend our manufaftures of worded 
goods and light woollens, called bays and fays $ they alfo in- 
troduced the manufafture of linens and filks, and it is fup- 
pofed that they firit taught the art of weaving on the dock- 
ing-frame. 

In the latter part of the reign of Elizabeth an aft was pafled 
to relieve the counties of Somerfet, GlouceAer, and Wiltfhire* 
from thofe abfurd and oppreflive datutes which confined the 
making of cloth to corporate townB. This aft, which gave 
to all perfons redding in thefe counties the privileges of free 
trade, could not fail to extend and edablifh the woollen ma- 
nufaftures in thefe parts, and they have remained to the pre- 
fent time the principal feats of the fuperfine cloth trade, 
whild many manufafturing corporate towns, which were 
then flourishing, have funk to decay. Various afts, regu- 
lating the length, breadth, and tentering of woollen goods 
of different kinds, were alfo paffed in this reign, referring to 
the counties of Oxfordlhire, Devon, and the counties north 
of Trent, particularly Yorklhire and Lancafhire. The im- 
portation of foreign wool-cards was alfo prohibited. The 
aft recites, that many thoufands of woollen card-makers and 
card-wire drawers, living in London, Bridol, Glouceder, 
Norwich, Coventry, and elfcwhere, had heretofore fubfifted 
themfelves and families upon that bufinefs, which was now 
greatly impaired by the importation of wool-card6. No 
laws prohibiting the export of wool were thought neceffary 
in this period of our hiftory, and it continued to be exported 
during the whole of this reign, as appears by the account 
of the merchant adventurers, who exported it together with 
cloth ; but though wool was freely exported, an aft was 
paffed to prevent the carrying of live (heep, lambs, or rams 
out of England ; but the reafons for this aft are not recited, 
though it dates it was for divers good caufes and confidera- 
tions. The internal tranquillity that the country enjoyed 
during this long reign, the influx of foreign makers of new 
kinds of wordeds, and other articles not known before, 
die opening of a new trade to Turkey and the Barbary 
dates, by treaty in the year 1 C79 and in 1585, all greatly 
contributed to the extenfion ox the woollen trade and manu- 
faftures. There were indeed other circumdances which mud 
have operated againd our manufafturers in part of this 
reign. The interruption of commerce between England and 
the Netherlands in 1564, which laded fome time, the wars 
with Spain, the lacking of Antwerp, in which the Englifh 
merchants differed feverely, gave a confiderable check to the 
foreign trade ; yet we have feen that the merchant adventurers 
alone exported woollens to the amount of one million derling 
towards the latter end of this reign. The demand at home 
for woollens mud alfo have greatly increafed during the long 
period of domedic tranquillity which the nation at that time 
enjoyed, and particularly from the prevailing tade for codly 
dreffes which nas fpread from the court through the country. 

A great part of our woollen exports hitherto confided of 
white undrefled cloth ; but in the following reign of James I. 
it was reprefented as bad policy to permit the exportation 
of cloth in this date, and thereby lofe the profit on the 
4N 
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dyeing and finifliing. A letter exifts addreifed to king 
James on this fubjeCt, afcribed to fir Walter Raleigh, but 
without fufficient evidence, as “ the moil ancient manuscripts 
of this letter in the libraries of the nobility afcribe it to 
John Keymcr.” (Oldy’s Life of Sir W. Raleigh.) In this 
letter it is Hated, “ that there have been eighty thousand un- 
dreifed and undyed cloths exported yearly, by which the 
kingdom has been deprived of four hundred thoufand 
pounds for the lad fifty-five years, which is nearly twenty 
millions that would have been gained by the labour of the 
workmen in that time, with the merchants* gains for bring- 
ing in dyeing-wares, and return of cloths drefled and dyed, 
with other benefits to the realm.” The writer proceeds, in 
another part, to ftate, that there had alfo been exported in 
that time annually, of baizes and northern and Devonlhire 
kerfies, in the white, fifty thoufand cloths, counting three 
kerfies to a cloth, whereby had been loft about five millions 
to the nation in labour, profit, 8 c c. The author informs 
us, that the baizes fo exported were drefled and dyed at 
Amfterdam, and {hipped to Spain, Portugal, and other 
kingdoms, under the name of Flemifli baize, fetting their 
own feal upon them ; <# fo that we lofe the very name of our 
home-bred commodities, and other countries get the reputa- 
tion and profit thereof.” The author concludes with affert- 
ing, that the nation lofes a million a year by the export of 
white cloths, which might be drefled and dyed as well at 
home. This letter has been often quoted as containing un- 
anfwerable reafons for confining the whole procefs of the 
cloth manufacture to our own country ; but, like other mo- 
nopolifts, the writer feems to forget that there are two 
parties in all mercantile tranfa&ions, and that manufactured 
goods mud be fent in that ftate in which the purchafer is 
willing to receive them, unlefs it be proved that lie cannot 
procure them clfcwhcrc. Let us mark the refult. Aider- 
man Cockayne, and other London merchants, had fufficient 
influence with the government to obtain the prohibition of 
the export of white cloths, and to fecure a patent for dref- 
fing and dyeing of cloths. In confequence of which, the 
Dutch and Germans immediately prohibited the importation 
of dyed cloths from England, which gave fo great a check 
to our export trade, that in the year 1616, the whole 
amount of cloths exported of every kind amounted only to 
fixty thoufand, fo that the export trade in woollens had 
fallen to lefs than one-third of its former amount } and in 
the year 1622, 

/. d. 


All our exports of every kind 
amounted only to 
Whilft our imports were 


2,320,436 12 IO 
2,619,31 5 o o 


Leaving a balance againft us of 298,878 7 2 


It being from experience proved, that the policy of dref- 
fing and dyeing all our goods at home had produced the 
greateft injury to the woollen trade, the reftriCtions were 
taken off, and the export for white cloth left free. In the 
former reign, cloths about four pounds value were, by llatute, 
to be fent out dyed, by all perfons except the company of 
merchant adventurers, who obtained a licence to export all 
forts of white cloths ; and though this was itfelf a monopoly, 
yet, as it gave foreigners an opportunity of receiving our 
finer cloths in the ftate which they moft wanted, it was the 
means of increafing our trade : indeed it is faid by Miffel- 
den, that 44 within a few years after granting this licence, the 
vent for cloth in foreign parts increafed to twice as much 
as it had been during the ftriCt obfervance of the ftatute.” 
With this faCt before their eyes, it is fcarcely poflible that 
our ftatefmen at that time could have proceeded to the pro- 


hibition of white cloth exports, unlefs they had been (as 
was afferted) influenced by prefenfs from alderman Cock- 
ayne and the rich merchants, who expected to receive the 
benefit arifing from the prohibition, and the exclufive right 
of dyeing and drefling. The wool-growers equally felt the 
ill effects of this prohibition. Wool is faid to have fallen 
from thirty-three {hillings per tod to twenty {hillings ; if 
by this is meant the long combing-wools, the former price, 
confidering the value of money at that time, is much higher 
than it has been in the laft or the prefent century. 

During the reigns of the Stuarts, the infamous policy they 
adopted ftruck not only at the liberty, but at the commer- 
cial profperity of the country. Archbifliop Laud, imbued 
with the malignant zeal of a bigot, commenced his attacks 
on the descendants of the French Proteftants, eftabliftied as 
manufacturers of woollens in Norfolk and Suffolk, from 
which counties his perfecuting fury drove fome thoufand 
families. Many of them fettled in New England ; but others 
went into Holland, where they were encouraged by the 
Dutch, who allowed them an exemption from taxes and 
rents for feven years. In return for this, the ftates were amply 
repaid by the introduction of man ufa&urers, with which they 
were before unacquainted. In the year 1622, king James 
iffued a proclamation to prohibit the exportation of wool, 
fuller’s-earth, &c. In 1640 wool was again admitted to be 
exported on the payment of certain duties ; and wc are told, 
that in the fame year fir John Brownlowe, of Belton in Lin- 
colnfhire, fold three years’ wool at twenty-four {hillings 
per tod to a baize-maker of Colchelter. As it is reafonable to 
fuppofe that this was the long combing-wool of that county, 
it {hews the high relative price of the article at that time. 
In 1647, owing to the high price of wool, its exportation 
was again prohibited. 

During the civil wars, the manufactures and export trade 
of England declined, and the Dutch availed themfelves of 
this to extend their own manufacture and export of woollens, 
particularly to Spain, from whence they brought fine Spa- 
nifh wool. At this time it appears, that the woollen manu- 
factures in Poland and Silefia were rapidly increafing ; and 
the Englifli government received information that two hun- 
dred and twenty thoufand cloths were made there annually, 
befides confidcrable quantities made at Dantzic, and in the 
vicinity. 

The duke of Brandenburg, it was alfo ftated to our 
government, had ordered one hundred thoufand ells of Silefia 
cloth at Koningfberg for his troops, which had been hereto- 
fore fupplied with Englifh cloth. The eftimation in which 
our cloth had been held is faid to have been loft by negli- 
gence in the manufadlure, particularly in the fpirming and 
weaving. The Dutch and Poles had a little before this 
time received a great number of Proteftant manufacturers, 
who fled from the perfecution of the duke of Alva in 
Brabant and Flanders. 

Here it may be proper to remark, that the Englifli as 
a nation had little intercourfe with other parts of the 
world, except through a few large trading companies: 
hence they were extremely ignorant refpeCting the ftate 
of foreign countries, and fuppofed that the cloth trade 
had been confined to their own country for three hun- 
dred years ; and they confidered the eftablifhment of other 
manufacturers as a novelty and infringement of their 
juft rights. With thefe views, it was propofed to 
obtain a complete monopoly of all the clothing-wools 
in Spain, in order to prevent the Dutch and other nations 
from rivalling our manufactures. This is the more extra- 
ordinary, as the Englilh had not then learned, like the 
Dutch, to manufacture Spanifli wool, without mixing it 
with that of their own country. It is needlefs to fay, Uat 
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the negociation of fir William Godolphin for this felfifh mo- 
nopoly of wool was not fuccefsful. During the whole reign 
of Elizabeth, when our woollen manufactures were in the 
highefi Rate of profperity, wool and woolfels were per- 
mitted to be exported. In the reign of James I. and 
Charles I., when the trade was declining, proclamations were 
iffued to prevent the exportation of wool, and alfo that of 
fuller's-earth. During the commonwealth, an ordinance of 
parliament was iffued to prohibit the exportation of wool and 
fuller's-earth, on pain of forfeiture of the wool, and apenaltr 
of 3 s.per pound on every pound of fuller’s-earth. The firff 
ad of parliament which abfolutely prohibited the export- 
ation of wool by making it felony, and which could not be 
fet afide by a royal licence, is the 12th of Charles II., which 
was paffed foon after the Refioration. 

The grounds of this meafure are Rated in the preamble of 
the ad : “ For the better preventing the lofles and incon- 
veniences which have happened by and through the fecret 
and fubtile exportation of wool out of the kingdom j and 
for the better fetting to work the poor people and in- 
habitants of the kingdom, to the intent that the full and 
bell ufe and benefit of the principal native commodities of 
the kingdom may redound to and be unto and amonglt the 
fubjeds and inhabitants of the kingdom, and not unto any 
foreign Rates.” Previous to this time, the proclamations 
and ordinances iffued to prevent the exportation of wool, 
for the moll part, fignified nothing more than the impofition 
of a duty or a compofition for exporting by licence from the 
government, what on other terms was forbidden, under 
penalties of confifcation, fine, or imprifonment. We have 
feen that, from the death of Elizabeth to the Revolution in 
1688, the woollen trade was generally in a languilhing 
Rate. Iu the year 1665, Thomas Telham of Warwick- 
fhire, with two thoufand manufadurers, left the kingdom, 
and eRablilhed themfelves in the Palatinate, and commenced 
a woollen manufadure there, and were greatly encouraged 
by the eledor. The eRablilhment was foon afterwards 
joined by a number of manufadurers from Hertfordlhire. 

During the period from Elizabeth to the year 1668, the 
Englifh appear to have made no improvement whatever in 
their modes of manufadure of woollen cloth, whilR the 
neighbouring nations had been making a gradual progreffion, 
both in the Ryle of their manufadure, and the amount an- 
nually produced. It was efpeciaily in the manufadure of 
fine cloths that their fuperiority was manifeR. The Dutch, 
in particular, were far more expert than the Englilh in the 
dreffing and dyeing of cloth. This will appear from the 
following remarkable fad Rated by Coke, vol. ii. p. 169. 
In the year 1668, one Brewer, witn about fifty Walloons, 
who wrought and dyed fine woollen cloths, came into Eng- 
land, and received tne royal protedion and encouragement. 
By him the Englifh were firfi infiruded how to manufadure 
cloth of the belt Spanifh wool, without any admixture with 
inferior wool ; and alfo to manufadure and dye fine cloths 
cheaper by 40 per cent, than they had done before. Ten 
years before this time, it had been publifhed and admitted 
in England, that “ Spanifh wool alone could not be wrought 
into doth.” It may feem truly extraordinary that the 
Englifh, who had fo long carried on the manufadure of 
woollen cloth, had not availed themfelves of the revolution 
in Flanders, which drove away the befi maficr manufac- 
turers, to encourage their fettlement in this country. M. 
Huet explains the fad in a way which is not very creditable 
to the liberality of the Englifh manufadurers, or to .the 
wifdom of our infiitutions. “ It was owing to the muni- 
cipal laws of England, and its ufages towards Rrangers ; 
who, befides being doubly rated at the cufiom-houfe, were 
excluded from all companies or fraternities of trade ; and were 
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not allowed to carry on manufadures as mailers or partner*, 
unlefs fuch as the natives were unacquainted with ; fo that 
none of the Flemifh mafier manufadurers of fine cloth went 
thither (to England), their's being a myRery not accounted 
new, though very much fuperior to the cloth working then 
known in England. It was only thofe who wrought in 
new kinds of worReds, fergea, damafks, or Rockings, who 
went thither. The fame policy was alfo adopted by the 
Hanfe towns : hence the greater part of the vaR and pro- 
fitable trade, which was loR to Antwerp, centered necef- 
farily in Holland, where the manufadurers from Brabant 
were cordially received.” This appears a fatisfadory ex- 
planation why the Englifh, in 1668, were fo much interior 
to the Dutch in the manufadure of fine cloth. 

In the year 1 660, however, our manufadurers began to 
be aware of the fuperiority of Spaniih wool, and to mix it 
with the befi Englifh, probably in what were called med- 
leys or mixture-cloths, or clfe employing the Englifh wool 
for warp, and covering it with weft of Spanifh wool. The 
befi Spanifh wool was then 4 s. and the fecond fort 31. per 
pound, and the befi Englifh is. 6d. per pound. 

It is deferring of notice, that, in the latter period of the 
Commonwealth, our trade is faid to have greatly revived, 
but to have fuffered a miferable depreflion almofi immedi- 
ately after the refioration of Charles II. In a letter of 
M. Downing of the Hague to theprefident of the council 
in London, 1660, printed in Thurloe’s State Papers, 
vol. vii. p. 848. it is Rated, that great quantities of wool 
were brought fecretly from England to Holland ; and he 
adds, that the Dutch had at that time got in a great mea- 
fure the manufadure of fine cloth, and would probably, 
with Silefia, engrofs alfo the manufadure of coarfe cloth, 
and leave England nothing but its native wool to export. 

In the year 1662, great complaints were made againfi the 
merchant adventurers for their negled of the cloth trade ; 
in reply to which they faid, that the demand for Englifh 
cloths failed in the foreign markets, the white clothing 
trade having abated from 100,000 cloths annually to 
11,000. In the year 1663 our whole exports were only 
about two millions, and our imports four, leaving a balance 
of two millions againfi this country. It is, however, de- 
ferring notice, that the number of wardens for the iufpec- 
tion of Ruffs at Norwich being too few, they were at this 
time increafed from five to eight. A letter on the Rate of 
trade, publifhed in 1667, fays, clothing-wools were fo 
much fallen at that time, that the befi Spanifh was fold at 
2s. 2d. per pound, and Englifh at &d. per pound. The 
writer aferibes the fall in the price of Englifh wool to our 
wearing fo much Spanifh cloth, a great part not manufac- 
tured by ourfelves, as Dutch blacks ; but it is obvious, 
from the price of Spanifh wool, that the low price of 
clothing-wools at that time depended on a more general 
caufe, affeding all manufaduring countries. To relieve 
the cloth trade from the great depreflion under which it 
laboured between the years 1660 and 1678, various fchemes 
were devifed. Among others, the mayor and common 
council of London paffed an ad “ for the regulation of 
Blackwell-hall, Leaden-hall, and Welfh-hall, (the three 
public markets for cloth in London,) and for preventing 
foreigners buying and felling !” By foreigners are under- 
Rood all perfons not free of the city of London. This ad, 
a moR fingular monument of the ignorance or felfifhnefs of 
its authors, prohibits the fale of all woollen cloths fent to 
London, except at the above halls, where certain duties 
were to be paid upon them, and from whence they could 
not be removed for three weeks, unlefs they were fold in 
the meantime to fome draper, or other freeman of the city. 
The hall-keepers were to attend firidly at the halls, and 
4 N 2 
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turn out all foreigners and aliens coming to purchafe cloth ; 
and every freeman of the city who (hould introduce a pur- 
chafer into the halls not free of the city fhould forfeit, for 
the firft offence, five pounds, — for the fecond, ten, — and 
for the third, fifteen pounds ! Thus, in thofe days, turn- 
ing purchafers out of the public markets, and fecuring the 
fafe to a certain clafs of buyers, was confidered an aCt for 
the benefit of the public. 

The Irifh had, a little before this time, commenced the 
manufacture of woollens and worfleds, which appears 
greatly to have alarmed the Englifh manufa&urers. The 
wools of Ireland had increafed in quantity, in confc- 
quence of a tyrannical aCt pafled a little before this period, 
to prevent the Irifh from fending cattle to England, which 
obliged them to convert their grounds into fheep-paftures. 
They were, however, prohibited from exporting their wool 
to foreigners, it being made felony ; and the exportation to 
England, in any other than a raw date, expofed it to con- 
fifeation. About the year 1640 fome clothiers from the 
weft of England eftablifhed a woollen manufacture at 
Dublin, where it flourifhed a confiderable time. About 
the fame period, fixty families of manufacturers from Hol- 
land fettled at Limerick : thefe were ruined by the wars 
which enfued. Other Englifh clothiers fettled at Cork and 
Kinfale ; a few French manufacturers of druggets fettled at 
Waterford; and a more confiderable eftablifhment of the 
doth manufacture was formed at Clonmel, fupported by 
the capital of fome JLondon merchants, who had agents 
there. Thefe eftablifhments, though obvioufly inadequate 
to the fupply of one-fourth part of the population of Ire- 
land, excited great jealoufy in the Englifh manufacturers ; 
and during the great depreffion of the woollen trade be- 
tween the years 1660 and 1668, a part of this diftrefs was 
aferibed to the rivalry of the Irifh clothiers. The Englifh 
farmers, at the fame time, aferibed the low price of wools 
to the great importations of wools from Ireland ; and the 
merchants aferibed the failure of the foreign demand for 
cloth to the clandeftine exportation of Englifh and Irifh 
wools. 

Sir William Petty, in the year 1672, eftimates the fheep 
in Ireland at four millions, and the weight of each fleece at 
two pounds. The latter, however, is obvioufly not more 
than half the true average weight of the fleece, and the 
number is fuppofed by fome to be below what it was 
a few years afterwards. If the number of fheep be 
correCl, and taking the fleece of each at four pounds, 
this would make the total amount of Irifh wools only 
66,000 packs, of which three-fourths were con fumed in 
Ireland. 

The alarm and jealoufly excited in England by the Irifh 
woollen manufactures produced meafures that almoft com- 
pelled the Irifh to export their wools clandeftinely to the 
continent. An aCfc was pafled in the year 1 699 prohibiting 
the exportation of woollen manufactures from Ireland, 
except to a few parts in England and Wales, where the 
duties impofed amounted to a total prohibition. Various 
addreffes have been prefented to the king and both houfes 
of parliament, “ beleeching his majefty to take effectual 
meafures to prevent the growth of the woollen manufactures 
in Ireland.” The Irifh parliament was influenced to im- 
pofe a duty in the fame year of four fhillings in the pound 
on their own manufactures when exported. Thefe unjuft 
proceedings were intended to annihilate the export trade 
for Irifh woollens 5 and, in confequence, their wool and 
worfted yarn that was not confumed at home were fent to 
England, or to the continent clandeftinely. The firft four 
years after the deftruCtion of their manufactures, thefe 
exports to England were as follow ; 
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Stone of Wool, 

Slone 0! Yarn, 

Tuul of W«,[ 


lslbi.per Stone. 

ISlbu. 

.ml Yarn. 

1700 

336,292 

26,617 

362,909 

1701 

300,8 1 2 

23,390 

326,202 

1702 

3 1 5*473 

43,648 

359 * 121 

1703 

360,862 

3M73 

397 i 73 S 


The average annual amount of wool and yarn, as above* 
may be ftated at thirty thoufand packs. But after this 
period the exports to England declined, owing no doubt 
to the clandeftine exportation of wool to the continent, for 
which the numerous creeks and harbours offered fuch facility. 

In 1711, and the three following years, the quantity ex- 
ported to England was as under : 



Wool. 

Yarn. 

Total. 

171 1 

310,136 

5 2 * 2 73 

3 6 5 > 4°9 

1712 

263,946 

60,108 

324,054 

*713 

171,871 

68,548 

240,409 

1714 

147 »»J 3 

5 8 »» 47 

205,800 


A few years after this, the decline was ftill more confi- 
derable in the amount of wool exported, but that of yarn 
continued to increafe a little ; 


1726 

5 ** 37 1 

87,261 

138,632 

1727 

58,182 

7 2 »047 

130,229 

1728 

49,784 

80,428 

130,212 

* 7 2 9 

38,667 

91,854 

130,521 


A further encouragement to clandeftine importation was 
given by an impolitic duty of 2s. 4 d. per ftone on wool fent 
to England, which, as the average price did not exceed 
6 s. 6 d., was full thirty per cent, on the firft coll. It will be 
feen fubfequently, that the woollen manufactures of Eng- 
land were all this time progrcflively increafing, fo that the 
decline in the imports of wool from Ireland were not occa- 
fioned by a declenfion of trade ; the Irifh had found other 
markets for their wool. 

From a work entitled M A New Difcourfe of Trade,” 
by fir Jofhua Child, fuppofed to have beeitpublifhed about 
the year 1667, we learn feveral important particulars 
refpeCting the woollen trade. “ Though our vent for fine 
cloths and ftuffs to Turkey, Italy, Spain, and Portugal, 
were, he fays, declined, yet we retained a confiderable part, 
principally becaufe the wool of which our middling coarfe 
cloths are made is our own, and confequently cheaper to 
us than the Dutch can fteal it from us.” In another part 
he judicioufly obferves, that the ads for regulating manu- 
factures, refolve themfelves at laft into a tax on the com- 
modity, without refpeCl to the goodnefs of it, as tnoft 
notorioufly appears in the bufinefs of aulnager, which 
doubtlefs our prcdeceffors intended for a ferutiny into the 
goodnefs of the cloth ; and to that purpofe a feal was in- 
vented as a fignal, that the commodity was made according 
to the ftatute ; which feal, it is faid, may now be bought 
by thoufands, and put upon what the buyers pleafe. Sir 
Jofhua Child admits that wool was eminently the found- 
ation of Englifh riches, and that all pofiible means {hould 
be ufed to keep it within the realm ; but the only efficacious 
meafures to effeCl it are not penal ftatutes, but encourage- 
ment to trade. The impediments at that time he ftates 
to be, ift. The high rate of intereft ; 2d, Want of hands, 
which an ad of naturalization would cure ; 3d, Compulsion 
( perfecution ) m matters of religion. For he adds, “ while 
our neighbours the Dutch have money at lower intereft 
and more hands, by reafon of general liberty of confcience, 
with other free privileges, both to natives and foreigners,, 
there is no queftion but they will be able to give a better 
price for our wool than we can afford ourfelves, and they 
that can give the bell price for a commodity fhall never fail 
to have it by one means or another, notwithftanding the 
11 
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opjiofition of any laws by fea or land ; of fuch, force, fub- 
tilty, and violence, is the general courfe of trade.” 

The fame enlightened writer appears to have been the 
firft Englishman who faw the injustice, abfurdity, and im- 
policy of the numerous reftriCtions by which the manu- 
facturers were obliged to make cloths of certain weights 
and lengths, to keep only a certain quantity of looms, 
or to prohibit dyers, fullers, &c. from carrying on other 
branches of the trade. 44 It would be (he juftly obferved) 
for, the advantage of the trade of England, to leave all men 
at liberty to make what cloth and ftuffs they pleafe, how 
they will, when and where they will, and of any lengths or 
fizes.” 

One of the principal caufes of the decay of our woollen 
manufactures fir Jofhua Child might not think it prudent 
to (late. This was the encouragement given to the con- 
fumption of French cloths and woollens in England, 
together with the total prohibition of Englifh goods im- 
ported into France, or the impolition of duties which 
amounted to a prohibition. The French, under the admi- 
niftration of Colbert, had been extending and improving 
every branch of the woollen manufacture, and were become 
our great rivals in foreign markets, as well as at home. 
In the year 1678, aCts were paffed, the 29th and 30th of 
Charles II., prohibiting the importation of French com- 
modities for three years. From this time trade began gra- 
dually to revive, and would have greatly increafed, had not 
political caufes operated as a check to our profperity. 

The improvements introduced in the manufacture of fine 
cloths by Brewer in 1668, and the more ex ten five con- 
fumption of Spanifh wool, enabled us to oppofe, with 
fome fuccefs, the rivalry of the French. 

After the acceflion of William, our manufacturers, who 
were warmly attached to the caufe of religious liberty, 
being the greater part Protcftant diffenters, were animated 
to uncommon exertions in the reft oration of their trade. This 
is evident from the ftate of our exports in the following 
year after the revolution in 1689, when they amounted 
to near feven millions, of which the woollens were nearly 
three millions. This is the largeft amount till the year 
I7ie. A fhort time after the revolution, about the clofe 
ot the century, our writers on Political Arithmetic, Mr. 
King and Dr. Davenant, give the following eftimatc of 
our national wealth, including wool, &e. : 

£ 


The annual income of England, of which the 1 
people fubfift - - - - -J 

Yearly rent of land - 
Value of wool yearly (horn - 
Woollen manufacture of England 
Woollen manufactures exported 


43.000. 000 

10.000. 000 

2.000. 000 

8.000. 000 

2 . 000 . 000 


From this period, the woollen trade of England kept 
nrogelfively increafing, though fubjeCt to fome fluctuations. 
n tne following years the amount exported were as under: 


1718 value of woollens exported 

, 7 I 9 

17*0 - - 

1721 - - 

1722 


£ 

2,673,696 

2 > 73°» 2 97 

3,059,049 

*> 9 ° 3 > 3 10 

3,384,842 


About the year 172a, the plague at Marfeilles, by prevent- 
ing the exportation of French woollens, increafed the de- 
mand for Englifh manufactures confiderably. In the year 
1737, the woollen exports amounted to 4,158,643/. $ and 
it is remarkable, that at that period the price of. wool was 
uncommonly low. 


£ 


The yearly medium value of woollen exports, 4 ] 
from 1739 to 1748, or to the peace of Aix- >3,327,057 
la-Chapelle, was - - - - . j 

Yearly medium of woollen exports, from 1749? o 

to 1753, was J 4 » 15 9> i 9 5 

From this time to the period of the American war in 
1775, the woollen manufactures, and particularly the worfted, 
(till continued to increafe, with occafional checks. The 
quantity of long combing-wools grown in England had 
given to the manufacturers of worfted goods a decided ad- 
vantage over thofe of France, though the ingenuity of the 
latter in the manufacture of les petites draperies, as the 
worfted goods are called, was greatly fuperior to what our 
own workmen had ever (hewn. The demand for worded 
goods at home, for tammies and ftuffs, which were the gene- 
ral drefs of females before the year 1775, was very great 5 
befides which, we ftipplied with worfted goods many of the 
fouthem parts of Europe, and particularly Spain and Por- 
tugal, for the ufe of their South American colonies, and 
for the dreffes of the clergy, monks, and nuns, which form 
no inconfiderable part of the population in thofe countries. 
About the year 1775, the introduction of Arkwright's 
inventions for fpinning, carding, &c. into the cotton trade, 
produced a great change in the article of female drefs in 
England, fluffs and tammies being fupplanted by cotton goods, 
which were become extremely cheap. The failure of the 
foreign trade alfo greatly affe&ed our manufacturers, both 
woollens and worflcds. The price of Englifh wool at the 
latter end of the American war was lower than it had been 
in any period of our hiftory, when money was of much 
higher relative value. A tod of 281 bs. of the belt Lincoln- 
fhire wool for combing was not worth more than nine 
(hillings, and the inferior kinds fix (hillings, or about three- 
pence and four-pencc per pound. From the time of 
Elizabeth to the middle of the laft century, fcarcely any 
alteration or improvements had taken place in the proceffea 
of manufacture, either in woollen or worfted, beyond the 
variation of colours or patterns, to fuit the fafhion of the 
day. The ingenious mechanical inventions of Arkwright, 
applied to the fpinning and carding of cotton, were loon 
after modified, and applied to the woollen and worfted trade, 
and produced an entire revolution in fome of the feats of 
their manufacture. Before that period, the manufacture of 
heavy woollens and coarfe worfted goods had been gra- 
dually concentrating into Yorkfiiire and Lancafhire, where 
the cheapnefs of living, the aCtive induftry of the inhabit- 
ants, and, above all, the cheapnefs and abundance of coal, 
gave the manufacturers a decided advantage over thofe in 
tne midland and weftern counties. The following table, 
(hewing the amount of broad and narrow cloths made in 
the Welt Riding of Yorkfiiire, will prove the faCt moft 
decifively. It may be proper to remark, that eighty years 
fince, about 1738, when our woollen exports exceeded four 
millions fterling, the total number of pieces of broad and 
narrow cloth made in Yorklhire was only fifty-fix thoufand 
nine hundred. At prefent our woollen exports are only 
about double what they then were ; but the number of 
cloths manufactured in Yorkfiiire is not lefs than four 
hundred and ninety thoufand pieces, or eight times more 
than the quantity made at the period above referred to. 
It muft be remarked alfo, that this account does not in- 
clude the cloth manufactured in Lancalhire, and the borders 
of Chefiiire adjoining Yorklhire, nor the blankets, ferges, 
baizes, flannels, caflimeres, toilinets, carpets, rugs, worfted 
goods, or any other defeription of woollens or worfteds, 
except plain and narrow broad-cloths. The total amount 
of thefe different woollen articles exceed, we believe, in 
weight, if not in value, that of the woollen cloths. 



WOOLLEN MANUFACTURE 461 

An Account of the Number of Broad Cloths^ milled at the feveral Fulling Mills in the Weft Riding of the County of 
Yotkf from the 24th of June, 1725, (the Commencement of the Aft,) to the 12th of March, 1726, and thence 
annually, diftinguifhing each Year; and of the Narrow Cloths, from the ift of Auguft, 1737, (the Commence- 
ment of the Aft) to the 20th of January, 1738, and thence annually, diftinguifhing each Year; likewife the 
Number of Yards in Length, made each Year, from Eafter Seffions, 1768. 


Years. 


Narrows. 
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94625 
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138023 
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>55748 
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100332 
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4634358 
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In the table that will be afterwards given, it will be feen 
that the quantity of yards of different woollen articles ex- 
ported, which are not included with cloths, greatly exceeds 
that of broad and narrow cloths. Taking this as a ftandard, 
it would appear that the cloth returned at the fulling-mills in 
the Weft Riding of Yorkfhire is not more than one-third of 
the total quantity of woollens and worfteds of every defcrip- 
tion made in the Weft Riding of Yorkfhire, and the borders 
of Chefhire and Lancafhire. Now to make the quantity of 
broad and narrow cloth given in the returns of the Weft 
Riding, would require about one hundred and ten thoufand 
packs : we may therefore ftate the annual confumption of 
wool in thefe diftrifts to be from two hundred and fifty to 
three hundred thoufand packs of 240 pounds each ; and we 
may further ftate the amount confumed in thefe diftrifts to 
exceed that of all the other parts of England and Wales 
colleftively by one-third, including hofiery and all other 
articles made of wool. This will make the total amount of 
wool manufaftured in England to be nearly what we have 
before eftimated, or five hundred thoufand packs. 

The number of perfons immediately employed in the 
various branches of the woollen manufafture in England 
was ftated, in the year 1800, to be 1,500,000, and that the 
trade direftly and collaterally employed double the above 
number. This was afferted in the fpeech of Mr. Law, now 
lord Ellenborough, in the houfe of lords, as council for the 
petitioners againft the export of wool to Ireland. But we 
apprehend that the ftatement greatly exceeds the aftual 
number employed in this trade, including their families. 

The amount of the population of the Weft Riding of York- 
fhire is nearly afeertained, and perhaps two-thirds of the 
whole may be engaged m the woollen manufafture, including 
the families of the perfons employed. If we ftate thefe to be 

340.000, exclufive of the woollen manufafturers in Chefhire 
and Lancafhire, we {hall certainly not under-rate them. 
A large part of the Weft Riding being agricultural folely, 
and in the manufacturing diftrifts cutlery, as at Sheffield, 
and cottons in the more weftern parts, employ no incon- 
fiderable portion of the people. If then we take 340,000 
as the amount of perfons, with their families, engaged in the 
woollen trade in the Weft Riding, exclufive of Lancafhire 
and Chefhire, and if we fuppofe that they are one-third 
of the total number of perfons employed in the fame manu- 
facture in England, it will make the whole rather exceed 

1.000. 000 of manufafturers, including their families, which 
we apprehend is not far from the true eftimate. We {hall, 
however, give the prccifc words of Mr. Law’s fpeech in the 
houfe of lords on the above occafion, the objeft of which, it 
muft be recollefted, was to enhance the importance of the 
woollen manufacture. “In order to give your lordfhips 
fome idea of its magnitude, I may venture to ftate, that 
there are no lefs than 1,500,000 perfons who are imme- 
diately concerned in the operative branches of this vaft 
manufafture; and if what Dr. Campbell ftates in his 4 Poli- 
tical Survey of the Kingdom’ be true, that from the 
wool-grower to the confumer a piece of broad-cloth pafTes 
through 1 00 different hands, and that there are nearly the 
fame number of hands dependent on the woollen manu- 
facture, though not aftually concerned in it, I may affume 
that the trade direftly and collaterally employs double the 
above number of hands, or 3,000,000. If we eftimate the 
magnitude of this queftion (the export of wool) according 
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to the number of perfons interefted in it, it goes to nearly 
one-third of the entire population of this kingdom, efti- 
mating that population at what is generally reckoned, 
namelv between 9 and 10,000,000.” Though the woollen 
manufaftures of England have confiderably increafed within 
the laft fifty years, we do not apprehend the number of 
hands employed is greater than before the introduftion of 
mechanical inventions for carding, fpinning, and combing* 
The working up of one pack of wool, particularly of 
combing-wool, formerly employed a great number of hands, 
and was divided into fmall portions, to be fpun in the 
houfes of cottagers in remote diftrifts. This afforded 
employment to the wives and families of labourers who were 
engaged in agriculture ; but fo much time was occupied in 
taking out and collefting in the work, that at the period 
we refer to, few, if any, of the matter manufafturers in 
Yorkfhire confumed more than one pack of wool per week 
in their trade. At prefent there are numerous manufac- 
turers in Yorkfhire and Lancafhire, who confume from 
twenty to fifty packs of wool per week. 

The cotton manufafture, which may be regarded as of 
recent date, has employed the population that would other- 
wife have been thrown out of work in the woollen trade 
fince the introduftion of machinery, and has prevented any 
inconvenience of this kind from being felt at prefent in 
Yorkfhire. We may, however, obferve, that many branches 
of the woollen and worfted trade have been gradually retiring 
from the fouth of England, and concentrating in the Weft 
Riding of Yorkfhire and in Lancafhire. Thefe diftrifts 
were the firft to introduce mechanical improvements into 
the woollen manufafture, and thus gained a decided advan- 
tage over the more ancient feats of the woollen trade. For 
feveral years afterwards the effefts were felt in the manu- 
fafturing diftrifts in the weft of England, and great diftrefs 
from want of due employment for the labouring clafTes 
was the confequence. 

At prefent all kinds of machinery that have hitherto been 
applied to wool are extenfivelyemployed in the weft of England, 
and the manufafture of fuperfine cloth is in a flourifhing 
ftate in the counties of Glouccfterfhire, Somerfetfhire, and 
Wiltfhire, all ancient feats of the clothing trade. The 
manufafture of broad-cloth in other parts of the fouth and 
weft of England is not carried on to any great extent. 
The manufafture of flannels, ferges, baizes, &c. though 
branches of the woollen manufafture, are diftinft from the 
cloth trade, and feldom carried on in the fame diftrift. 

The export of woollen goods of all kinds from England, 
in the year 1815, amounted in declared value to ten millions 
one hundred and ninety-eight thoufand pounds. This was 
rather an extraordinary quantity; and in the following 
year the exports fell under nine millions, which may be 
taken as the regular annual amount of woollen exports at 
prefent. 

The following table gives the amount of different kinds 
of woollens exported, with their value, and the places to 
which they were fent in the year 1816; a year in which our 
foreign trade was confidered as in a declining ftate. It may 
be worthy of remark, that though our woollen exports 
fcarcely reached eight millions and a half, the amount taken 
by the United States of America in that year exceeded 
three millions ; a faft which proves the vaft importance of 
the American market to our manufafturers. 
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An Account of the Quantity of Woollen Goods exported from Great Britain, in the year ending the cth 

pofiible, the various Articles, 
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Quantity and declared Value of Woollen 
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of January^ 1817, diftinguifhing the Countries to which exported! and alfo diftinguifhing, as far as 
and their refpe&ive Value. 


Goods and Yarn exported from Great Britain. 


Blanket* and 
Blanketing. 


Carpets and 
Carpeting. 
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If we ftate the amount of woollen goods exported to be 
about one-third of our own confumption, or from one-third 
to one-fourth, which is probably more correCt, this would 
make the total value of manufactured woollens to exceed 
thirty millions annually. Of the woollen goods exported, the 
quantity confumed on the European continent fcarcely ex- 
ceeds three millions fterling in value, and a great part of that 
amount given in the preceding account was for army cloth. 
Hence it appears, that a very fmall proportion of the gene- 
ral population of Europe is indebted to this country for its 
woollens, including under the term both woollen and worfted 
goods. The increafed demand for woollens of every de- 
icription in England arifes partly from the increafe of popu- 
lation, but more from the increafing demand for articles of 
luxury or convenience. In the middle of the lad century, 
carpets were fcarcely to be feen in the country, except in 
the houfes of the nobility ; at prefent almoft every houfe in 
England, except thofe of cottagers and the labouring claffes, 
has carpets fpread in fome of the rooms. The confumption 
of worfted yarn in articles of furniture, and in the linings of 
carriages, and what is called horfe millinery, is very great ; 
add to which the people of England are better dreffed than 
they were formerly. We may from all thefe caufc6 ftate, 
that the home confumption of woollens, in proportion to 
our population, is double that of any other nation in Europe. 
To prove that we do not over-rate the proportion of woollens 
confumed at home, it may be fufficient to ftate, that the Weft 
Riding of Yorkfhire alone manufactured, in the year 1817, 
nearly twice as many pieces of cloth as were exported in that 
year ; but few woollen broad-cloths are made for exportation 
in the weft of England, the manufactures there being prin- 
cipally fine and fuperfine cloth for home confumption, the 
value of which per yard on the average is much greater than 
that of the Yorkfhire cloth. In the prefent ftate of Europe, 
we think it an encouraging circumftance to our woollen manu- 
facturers, that fo large a proportion of their goods are con- 
fumed at home, where the demand will remain certain ; and 
again, that the United States of America take fo confider- 
able a part of our exports, as from the increafing population 
of thele ftates, we may expeCt that the demand will be in- 
oreafing for many centuries, and will foon exceed what it 
will be in the power of this country to fupply. 

In the year 1 800, the woollen manufacturers of England 
were greatly alarmed at the liberty which was intended to 
be granted, of exporting wool to Ireland, and petitioned 
parliament againft the meafure. The grounds on which 
their alarms refted, were partly the preference given to the 
Irifh, and partly the fuppofed facility that would be 
afforded to fmuggling wool to the continent. Several 
manufacturers ana wool-dealers from different parts of the 
kingdom were examined before the two houfes of parlia- 
ment ; but neither in their evidence, nor in the fpecches of 
the learned council, who were heard in fupport of the peti- 
tioners, can we trace any comprehenfive or enlightened views 
of the fubjeCt. The objections urged againft the export of 
wool were grounded principally on the practice of former 
reigns, particularly thofe of Edward III. and queen Eliza- 
beth : but the faCts we conceive were in opposition to the 
ftatements ; for during the whole of the latter reign, in which 
our woollen manufactures were in a highly fiourifhing con- 
dition, the export of wool was freely admitted, on the 
payment of certain duties; and during the reign of Ed- 
ward III., the prohibition to export wool under heavy 
penalties was confined to denizens and foreigners, in 
order to fecure a larger amount of duties to the king, 
the former paying lefs duty on exports than natives ; 
por was it till tne reign of Charles II. that the ex- 
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port of wool was ftriCUy prohibited. All the former 
prohibitions were evadable by licences, which were readily 
granted for money. It is from this reign, therefore, we 
muft date the prohibition to export wool, as forming an 
eftablifhed law of the land ; and it is not unworthy of re- 
mark, that immediately after this period, and to the time of 
the revolution in 1 688, our woollen manufactures were in a 
very declining ftate, which proves that they had not derived 
much benefit from the meafure. The policy of admitting 
the export of wool has been again recently agitated in par- 
liament, and has renewed the alarm of the manufacturers. It 
is not by precedents drawn from former ages, but folely by 
the wifdom and juftice of the meafure, as applicable to one 
prefent condition, that a queftion of this kind mould be deter- 
mined. With refpeCt to fhort or clothing wool, we believe 
that a permiflion to export it would not produce the leaft 
effeCt, as we already import thefe wools from almoft every 
nation in Europe; it is not, therefore, probable, that 
foreigners would give a better price for them than our 
own manufacturers can afford. With long combing- 
wools, the cafe is fomewhat different, as by the acknow- 
ledgment of the French themfelves, thefe wools are wanted 
to mix with and improve their own. We apprehend, how- 
ever, that as much is exported at prefent clande (finely in the 
form of worfted yarn, as the market may require, the free 
export of cotton yarn giving great facility for evading the 
penalty, by packing them together. The permiflion to ex- 
port wool to Ireland, which was granted in 1 800, has not 
been attended with anyone of the fatal effeCts which our manu- 
facturers anticipated ; nor do we apprehend, that permitting 
the free export of wool under certain duties would be found 
to injure our own woollen trade. 

In taking this view of the fubjeCt, which we truft is an 
impartial one, we readily admit that the permiflion to ex- 
port wool, were it granted, would not be attended with any 
permanent benefit to the landed intereft. A fmall pamphlet 
on the fubjeCt, recently publifhed by John Maitland, efq., 
contains the following judicious obfervations : — “ The manu- 
facturer of our native wool claims from government the 
prefervation of it for his ufe ; for by the flatute law of the land, 
he is confined to its foil for the exprefs purpofe of working up the 
wool which grows upon it. This wool cannot, therefore, 
upon any juft or moral principle, be permitted to go out of 
the country in an unmanufactured ftate, without allowing 
the manufacturer to follow it, or without obliging the 
grower and exporter of it to maintain him and his children.” 
This is fo obvioufly juft, that whenever the export of wool 
is admitted, we cannot any longer, as at prefent, prohibit the 
woollen manufacturers from emigrating and carrying their 
induftry to the beft market. “The wool,” as Mr. Mait- 
land ellewhere obferves, “ does not on an average compofe 
more than one-fix th part of the value of the animal on 
which it grows ; and the manufacturer, by obtaining this 
fixth part, at fuch a moderate rate as may enable him to fell 
his goods, when manufactured at a reafonable profit, infures 
to the owner of land a moral certainty of obtaining the full 
value for the remaining five-fixths, and receiving an ample 
price alfo for all the other productions of his ground.” The 
truth of this obfervation we know to be fully proved in the 
Yorkfhire markets. Whenever there is any confiderable 
depreflion of the woollen trade, it is always attended with a 
decreafed confumption of animal food, fupplied principally 
from Lincolnfhire, and the counties which produce the 
largeft quantity of wool. Should the permiflion to export 
wool be attended with any effeCt in diminifhing our own 
manufactures, the refult would be highly injurious to the 
land-owner, who would then have to find new cuftomers for 
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hie general produce, and new affociates to (hare with him 
the burden of taxation. 

The prices of heavy combing* wool in Lincoln (hire, 
Nottingnamfhire, or Leiccfterfhire, may be taken as the 
average price of this kind of wool over the' whole kingdom, 
there being little variation in the value of this wool from 
different diitriCts. The following table will Ihew what have 
been the prices for a great part of the lalt century ; 

Price per Tod of Lincolnlhire Fleeces, the Tod weigh 


1706 


mg 

28 lbs. 


£ 

0 

j. 

*7 

d . 

6 

1707 




- 

0 

16 

6 

17 1 1 





0 

13 

0 

1713 





0 

*7 

0 

, 7 I 4 





0 

18 

0 

1715 





0 

18 

0 

1716 





0 

*9 

0 

1717 





1 

3 

0 

1718 





1 

2 

3 

1719 





1 

2 

0 

1720 





1 

0 

0 

1721 





1 

0 

0 

1722 





1 

0 

0 

1723 





0 

*7 

6 

1724 





0 

1 6 

0 

1725 





0 

16 

0 

1726 





0 

*5 

9 

1727 





0 

16 

0 

1728 





0 

18 

0 

1729 





0 

18 

0 

1730 





0 

18 

0 

, 73 I 





0 

*9 

0 

* 73 2 





0 

*9 

0 

1733 





0 

18 

6 

*734 





0 

16 

0 

1 735 





0 

*4 

0 

1736 





0 

*4 

0 

*737 





0 

*4 

0 

* 73 8 





0 

*3 

6 

*739 





0 

*3 

0 

1740 





0 

*4 

0 

* 74 * 





0 

*4 

0 

1742 





0 

*5 

0 

*743 





0 

*9 

6 

*744 





1 

1 

0 


From the year 1744 to the year 1777, the prices, though 
occafionally fluctuating, continued much the fame as in the 
preceding years, but we have not the means of afeertaining 
precifely what they were in each year. The following 
table will (hew the prices of Nottinghamfhire and Leicefter- 
ftrire heavy combing-wool, taken from the moll authentic 
fource. We confider the value of this wool to have been 
fully equal to that of Lincolnlhire on each year. 

Price per Tod of 28 lbs. of Nottinghamfhire and Leicefter- 
(hire heavy Combing-Wools. 


*777 


£ s . 

0 18 

d. 

O 

1778 

- 

- 0 15 

O 

*779 


0 11 

O 

1780 


0 11 

6 

1781 


0 10 

6 

1782 


0 9 

0 

*783 


O 12 

0 
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1784 


. 


. 

£ s. 
0 16 

d. 

0 

1785 





0 12 

0 

1786 





0 13 

0 

1787 





0 17 

6 

1788 





0 17 

0 

1789 





0 18 

0 

1790 





0 18 

0 

1791 





0 19 

6 

1792 





1 2 

6 

*793 





0 18 

0 

*794 





0 17 

6 

*795 





0 19 

0 

1796 





1 1 

0 

*797 





1 0 

6 

1798 





0 18 

0 

*799 





X I 

6 

1800 





* 4 

6 

1801 





1 10 

0 

1802 





1 10 

0 

1803 





* 9 

0 

1804 





1 12 

0 

1805 





* *3 

6 

1806 





1 12 

0 

1807 





1 4 

6 

1808 


m 



1 4 

6 

1809 





1 8 

0 

1810 





1 10 

0 

1811 





1 5 

0 

1812 





1 10 

0 

* 8*3 





1 14 

0 

By the 

end of the 

year 


2 5 

0 

1814 

- 

- 2 

2 0 

to 

2 12 

0 

Spring 

of 1815 

- 


2 16 

0 

1815 

- 

- 

- 


2 10 

0 

1816 

. 

• 

. 


1 10 

0 

1817 

- 

- I 

14 0 

to 

2 0 

0 


The above were the average prices of the bed lots ; the 
inferior ones might range from one to two (hillings per tod 
under the prices here given. It may be obferved, that the 
price of this kind of wool was lower towards the clofe of 
the American war, or about the year 1781 and 1782, than 
in any former or fubfequent penod of our hiftory, if we 
take into confederation the relative value of money. At 
that time, the quantity of wool unfold in the hands of the 
farmer was nearly equal to three years annual growth ; a 
quantity too large to have been confumed by our manu- 
facturers, had not the introduction of machinery enabled 
them to work it up with much greater facility than formerly. 
The average weight of thefe fleeces may be dated at four or 
feven pounds each fleece to the tod of 28 pounds. Since the 
commencement of the prefent century, the price of this kind 
of wool, it will be feen from the above table, has been amply 
fufficient to remunerate the wool-growers ; and we confefs we 
are utterly at a lofs to difeover on what grounds of found 
policy or intereit they would wifh to make any change in the 
laws refpe&in g the export of wool. With refpeCt to (hort or 
clothing wools, any cnange in the exifting laws would make 
no alteration whatever in the price ; for it is the extreme of 
prejudice to affert, that our native clothing fleeces are 
neceffary to the foreign manufacturer, either to fupply his 
demand or improve the quality of his own wool. We 
might with equal juitnefs revive the abfurd opinion, fo con- 
fidently maintained a few years (ince, that the beft Spanifh 
wool would not make clotn without an admixture with that 
of England* 

4 o 2 



WOOLLEN MANUFACTURE 467 


Woollen Manufacture^ Procefs of. In an early part of 
this work, under the article Cloth, we have given a general 
view of the procefs of cloth-making, fumimed by a prin- 
cipal manufa&urer in the weft of England. In the pre- 
fent article, we (hall confine our account chiefly to thofe 
improvements in the proceffes which have fince been intro- 
duced, and (hall add a defcription of the machines which 
were only flightly noticed in the article Cloth, and give 
feferences to the plates. The proceffes of the woollen 
manufa&ure may be claffed under two heads ; thofe by 
which wool is prepared for the weaver, and thofe by which 
the cloth is finilhed after it is taken out of the loom. The 
forting of wool has already been referred to under the 
article Wool. Englifh wool is fuppofed to be fuffi- 
ciently cleaned from pitch marks or other extraneous fub- 
ftances by the wool-forter, and left by him in a proper 
ft ate to commence the procefs of cloth-making. Spanifh 
wool in the bale has generally fomc part of the pitch em- 
ployed to mark the fheep (till adhering to it, which mull be 
carefully cut off. It was till recently the pra&ice to beat 
the wool with rods, in order to (hake out the duft and open 
the (Iaple8 ; but this is now principally done by an opening 
machine with long coarfe teeth, called a devil, or wool-mill. 
Spanifh wool is frequently fo hardly preffed together in the 
bag, that it requires to be opened out by beating, to pre- 
pare it for the further proceffes. 

In the weft of England, wool is generally fcoured before 
it is dyed or carded; but in Yorkfhire this is feldom prac- 
tifed on wool intended for white cloths, and among the 
fmaller manufa&urers who dye their own wool, it is fre- 
quently put into the dyeing-vat un fcoured ; a pra&ice 
which injures the brightnefs of the colours, but which 
enables the manufa&urer to make a greater weight of 
cloth with the fame quantity of wool. There is alfo 
fome faving of labour and expence ; but this is more 
than counter-balanced by the increased quantity of oil 
per pack required for unfeoured wool, which is at lead 
one-third more than would be neceffary if the wool 
were fcoured. In the weft of England, where the wool 
is fcoured previoufly to its manufa&ure, the procefs is 
carried on with a degree of neatnefs and cleanlinefs, which 
form a perfed contrail with the horrid ftcnch and difguft- 
ing filthinef8 of the woollen fadories in Yorkfhire. For 
fine cloths, olive-oil, called Gallipoli, from the part where 
it was fuppofed to be fent, is principally ufed ; and for the 
coarfer clothe rape-oil. Where attention to colour is not 
required in very coarfe goods, fifh-oil is fometimes em- 
ployed ; but if the latter remain in the wool or cloth, it 
turns it brown, undergoing a degree of fermentation inju- 
rious to the cloth, and which fometimes occafiona fponta- 
neous combuftion. To leffen the expence of oil for coarfe 
cloths, fome manufacturers in Yorkfhire make ufe of a mix- 
ture of foap and water with oil, which anfwers very well in 
moift weather, if the wool be immediately carded and fpun ; 
but if it remain fome time unwafhed, or the weather be very 
hot, the mixture evaporates. It has been attempted to 
work wool without any oil whatever, but without fuccefs. 
The ufe of oil is to cover the furface of the fibres, and 
enable them to Aide eafily over each other in carding or 
fpinning. What we have before faid of the ftrufture of 
the furface of wool or hair, under the article Wool, will 
fuffice to (hew the advantage that muft refult from oiling. 
The wool is fprinkled with oil as evenly as poflible. In 
Yorkfhire the proportion on finp wool is about fix gallons 
per pack, and this is more equally diftributed over it by 
the wool-mill, through which it paffes previous to the pro- 
cefs called fcribbling. This procefs is a kind of coarfe 


carding, and is performed on a machine fimilarto that ufed 
for fcribbling cotton, but larger, and with coarfer cards, 
the principle being fimilar to that of the carding-machine, 
hereafter to be deferibed. By this engine the longer fibres 
arc broken down, and they are all laid ftraight and nearly 
parallel to each other. The wool leaves the roller of the 
lcribbling-mill in one thin undivided (heet, and the more 
clear, even, and tranfparent it appears when held between 
the eye and the light, the more pcrfedly has the operation 
been performed. On the cardin g-engine, the operation is 
repeated, on finer cards ; but inftead of leaving the machine 
in one continued (hcct, it is finally divided into feparate 
portions, which by a fluted roller are formed into feparate 
round pieces about one inch in diameter, and two feet three 
inches in length. The fibres are now arranged fo as more 
eafily to Hide over and twill round each other in the next 
procefs, which is a kind of coarfe fpinning called flubbing, 
performed with the flubbing-machine, which will be de- 
scribed. On this machine each of the rolls from the card- 
ing-machine are joined together, and drawn out into a 
loofely-t willed thread, and wound round a fpindle, forming 
what is technically called a flubbing . Thefe flubbings being 
taken to the fpinning jenny, which will alfo be deferibed, 
are twilled in an oppofite diredion, and drawn out into 
threads of yarn of the" requifite length. For very fine yarn 
ufed in lhawls, a machine called the mule is fometimes em- 
ployed, nearly fimilar to the cotton mule (fee Manufacture 
of Cotton), the flubbing paffmg through rollers which 
allill in drawing out the thrtad fmaller and more regular. 
The yarn is now prepared for winding, fixing, warping, 
and weaving. (See Gloth.) Since the article Cloth 
was written, broad-cloth is almoft univerfally woven by one 
perfon only in a loom, making ufe of the fly-fhuttle. ( Sec 
Weaving.) The next procefs is fcouring and burling, 
already deferibed under the articles Cloth and Fulling. 
The cloth is then fent to the fulling-mill ; the finer kinds 
are prepared for fulling by a mixture of foap and water ; in 
coarfe kinds, fuller’s-earth fuppliea the place of foap. (See 
Fulling- Mill , and a farther defcription at the end of the 
article.) The principle on which the felting depends has 
been deferibed under the article Wool. By the procefs of 
fulling, the cloth becomes Ihortened in length and breadth, 
and the fibres are incorporated and intimately united with 
each other. In the bell nianufadured cloths, this incor- 
poration is fo complete, that the feparate threads can 
fcarcely be dillinguifhed, the bottom of the cloth appear- 
ing to form one even continuous fubftance. An improve- 
ment in this refped has recently been made at Leeds, by 
fpinning the wool much foftcr and thicker than has ufually 
been the pradice, and uniting the threads in the fulling- 
mill, and then working the fubftance of the cloth down to a 
requifite degree of thmnefs by the gig-mill, hereafter to be 
deferibed. At the end of the procefs, the face or furface 
of the cloth is much fofter, and greatly fuperior in appear- 
ance to cloth manufadured in the common procefs. A 
pack of wool of 240 lbs. will make when milled about one 
hundred and twenty yards of mixed or coloured cloth from 
fifty to fixty inches in breadth, according to the quality 
and finenefs of the wool. The procefs of railing, (hearing, 
and prefling, have been mentioned under the article Cloth, 
and will be more fully deferibed when an account is given 
of the gig- mill and (hearing-machine. The objed of thefe 
proceftes is to cover the tnread with a foft pile, confiding 
of the fibres of the wool, cut down to an even furface over 
the whole piece. 

There are various kinds of woollen goods worked on the 
fame principle as cloth, and made with both the warp and the 
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weft of carded wool, but which being unmilled, or finilhed in 
a different manner, receive different names. Blankets are ma- 
nufactured on the card, but from wool that poffeffes a greater 
length of (taplc, and which therefore admits of a deeper pile, 
being raifed on the furface. The yarn is fpun thicker, and left 
as foft as poflible, in order that it may form a full cover or pile. 
Fine blankets are made much ftouter and heavier than coarfe 
ones ; they are both fcoured in the mill, but are fcarcely 
fuffered to undergo the fulling procefs. Thick cloths with 
a long pile, called duffields, fearnoughts, and bear-fkins, are 
manufactured on the fame principle as blankets, but they 
are milled much thicker and dyed, and alfo raifed to a deeper 
pile. Flannels and very light cloths, fuch as Bath coatings, 
are ufually fpun fmall, in proportion to the quality of the 
wool. In weaving plain cloths, the chain or warp is equally 
divided by the gears, one half of the threads being above 
and the other half below, and they crofs each other every 
time the thread of the weft is thrown through by the (hut tie. 
In weaving kerfeymeres or cafiimeres, on the contrary, the 
warp is unequally divided, to produce what is called the 
twill, or tweel, (fee Weaving,) one-third being always 
above and two-thirds below the fhuttle as it paffes. It is 
owing to this arrangement of the warp, that it forms a flant- 
ing or diagonal rib acrofs the body of the cloth, which is 
the diftinguifhing character of this kind of woollens. See 
Draught of Looms . 

Caffimeres are ufually fet in the loom from thirty-four to 
thirty-fix inches wide, and milled to twenty-feven inches. 
Forty pounds of wool from the bag will make rather more 
than fixty yards of common milled fine caffimcres ; the 
double milled ones make lefs in proportion to the degree of 
milling they receive. 

Swandowns and toilinets are made with a cotton warp ; 
the weft is woollen or worfted yarn of various colours, ac- 
cording to the patterns required. Woollen cords have alfo 
the warp of cotton and the weft of woollen ; they are woven 
and cut precifely in the fame manner as cotton cords. See 
Fustian. 

Serges are made with the warp of worfted and the weft 
of coarfe woollen yarn, and are twilled. Thefe goods have 
been for a very long time manufactured extenfively in De- 
vonfhire, and are principally purchafed by the Eaft India 
company for the China trade. 

Carpets have worfted warps and woollen wefts. See 
Cahpet and Weaving. 

From the moft remote period of the woollen manufacture 
until the latter end of the laft century, or about the year 1780, 
very few, if any, mechanical improvements had been intro- 
duced into it. During the whole time the various proceffes 
were carried on nearly in the fame manner, but with greater 
or lefs lkill, and were employed upon materials more or lefs 
valuable. The carding and fpinning of wool, and the 
weaving and finiftiing of cloth, in the early part pf the reign 
of George III., were effected by the fame machines as in 
the time of Edward III., which probably were fimilar to 
thofe of the ancient Romans, but more rude in their con- 
ftru&ion. In an art which had feen fo many centuries roll 
on without any change, it did not appear poflible to the 
manufacturer that any improvement could be effected ; and 
had not the genius of Hargreaves and Arkwright changed 
entirely the modes of carding and fpinning cotton, the woouen 
manufacture would probably have remained at this day 
what it was in the earlieft ages of civilized fociety. That 
it would have been better for general fociety if it had fo 
remained we readily admit ; but after the improved modes 
of working cotton were difeovered, this was irapoffible. 
The fpinmng jenny, which was the dune as that employed in 
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the cotton manufacture, but fomewhat larger, was introduced 
into Yorkfhire from Lancafhire about the year 1780, but 
did not become general till about three years afterwards. 
In the firft jennies, not more than eighteen or twenty threads 
could be fpun, and the mode of winding the tliread upon 
the fpindle was very imperfeCt. The carding was ftill 
effected by the hand, and the flubbing or roving was pre- 
pared on the common fpinning-whcel. For fome time con- 
siderable difficulty was experienced in carding by machinery, 
particularly in clearing the wool from the card ; and a (light 
change in the conftruCtion of the machine was found necef- 
fary to prepare the wool for the fhibbing-billy, of which 
an account will be given in the defeription of the carding- 
machine. Soon after this, the carding and fpinning of 
wool and yarn by machinery became general through the 
manufacturing diltriCts of the Weft Riding of Yorkfhire, 
and large mills were ereCted, in which the carding and ferib- 
bling machines were turned by a water-wheel, ana the roving 
or flubbing performed on the billy. The wool carded at 
thefe mills was font to the fmaller manufacturers in the ftate 
of flubbing, and the farther procefs of fpinning was effected 
on jennies in their own premifes. Before the year 1787, the 
old proceffes of carding by the hand, and fpinning on the 
wheel, were entirely difcontinued in Yorkfhire 5 but it was 
fome years after before the new proceffes were generally 
introduced in the weft of England, and thus, as we have 
before ft'ited, the woollen trade became more concentrated 
in Yorkfhire, where cloths could be manufactured at lefs 
expence. About this time, machinery began to be applied 
to the combing and fpinning of long combing-wool, to make 
worfted yarn. See Worsted Spinning . 

In confeejuence of the great increafc of trade in York- 
fhire, it was found difficult to obtain fituations for mills 
to be turned by water, and the application of the fteam- 
engine to woollen machinery became very general. The 
abundance of fuel was highly advantageous to the York- 
fhire manufacturer ; and it was found to be equally cheap to 
work the machines by fleam as by water, where any con- 
fiderable rent was paid for the water. The motion of the 
improved fleam -engine was alfo rendered as regular as a 
water-wheel, and the great inconvenience and lofs from the 
interruption of the works by frofts or continued droughts 
were thereby avoided. 

The fmaller manufacturers in Yorkfhire were at firft 
benefited by the introduction of machinery, but in a little 
time large capitalifts began to engage in the woollen trade, 
and performing all the proceffes with their own machinery, 
they were enabled to work cheaper and underfell the fmaller 
makers. The facility alfo with which wool could now be 
worked up kept the markets always well flocked with goods, 
and prevented the manufacturers from taking the advantage 
of a temporary fcarcity or a brifle demand, which they had 
formerly done, an overftocked market always reducing the 
profits. 

Soon after the year 1800, the number of fmall manufac- 
turers began rapidly to decreafe many of them, being ruined 
by the change which had taken place, and compelled to 
become workmen in the factories of the large capitalifts. 

The gig-mill and the (hearing-machine were not intro- 
duced into Yorkfhire until they had been feveral years em- 
ployed in the weft of England, owing to the reiiftance 
made to them by the working cloth-dreffers or croppers in 
the north. 

The manufacture of worfted is properly a branch of the 
woollen manufacture, and noticed as luch in our hiftory of 
its progrefs in England ; yet the mode of manufacture, both 
in preparing the worfted yarn and finilhing the goods, being 
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entirely different from woollens made of carded wool, and 
part of it being applied to hofiery, we refer, for a fur- 
ther account of it, to the articles Worsted Manufacture 9 
and Worsted Spinning . 

Defcription of the Machines employed in the Woollen Manu- 
facture* — The wool -mill y or willy y is the firft machine which is 
employed on the raw wool to open and difentangle the clofe 
matting, in which the wool comes from the wool-ftapler. It 
is alfo ufed for clearing the dyed wool from the dye (luff, 
and again for mixing different parcels of wool together ; 
alfo for incorporating the oil with the wool. 

The wool-mill ufed in Yorkffiire confifts of a cylindrical 
drum, about three feet long and two feet and a half diameter, 
which is made to revolve near three hundred times per minute. 
Its circumference is furnifhed with teeth or fpikes, and im- 
mediately above it five fmall rollers arc placed, which are alfo 
furnifhed with fimilar teeth. The teeth of the rollers and 
thofe of the drum interfed each other when they all turn 
round ; and the teeth of the five fmall rollers alfo interfed 
each other. The cylinder and rollers are inclofed in a box 
or cafe, which is clofed on all fides, except a door in front, 
which turns down, the hinges being at the lower fide. When 
this door is fhut up it Sands in a perpendicular plane, 
very near to the teeth of the drum ; when the door is 
opened, or turned down into the horizontal pofition, the 
wool is laid upon it, about one pound weight at once, and 
the door being clofed the wool is brought within reach of 
the teeth of the cylinder, which take the wool and carry it 
upwards, fo as to work it between the teeth of the cylinder 
and thofe of the five rollers placed over it. This effeds 
the opening of the wool, and breaks the fibres if the ltaple 
is too long : it alfo feparates the matted fibres. In about 
three teconds, the pound of wool is generally fufficiently 
worked, during which time the cylinder has made about 
fifteen turns. The lower part of the cafe in which the 
cylinder revolves is a grating of wooden rods, through 
which the dirt and duft efcape. The cylinder is fitted 
very clofe to this grating, fo that the wool cannot efcape 
from the cylinder, but is carried round in it, and is thus re- 
peatedly fubmitted to the adion between the teeth of the 
cylinder and thofe of the rollers. When it is judged that 
the wool 13 fufficiently worked, the door is opened again, 
and the centrifugal force throws out the wool in an inftant ; 
a frefh charge is then laid upon the door, and fhut up in the 
machine. A preferable mode is to have two doors on 
oppofite fides of the cafe ; one to put in the raw wool, and 
the other for the finifhed wool to come out at. 

The wool for coarfe goods is paffed feveral times through 
the wool-mill ; firft, to break the mats of the raw wool and 
render it light ; then a fecond time after it is dyed ; a third 
time to mix the different forts together ; and laftly, after 
the wool is oiled, it is paffed a fourth time through the 
wool-mill, with a view to incorporate the oil well with the 
fibres of the wool. 

Scribbling- Machine. — This is the firft ftage of carding. 
The operation tends to difentangle the fibres which were 
before clofely entangled, and draw them out feparately, fo as 
to render the wool light and flaky. The fcribbiing-machine 
is very fimilar to the carding-machine, having a large cylin- 
der or drum, which is covered on the furface with fheet 6 of 
leather ftuck full of projeding wire-teeth, called card-wires. 
The teeth are fo dole together as to cover the whole fur- 
face of the cylinder, like the briftles of a brufh. This 
cylinder is turned rapidly round by the machinery, and the 
wool is regularly and flowly fuppbed by feeding machinery 
to its teetn, which take it up, and the cylinder, as it were, 
clothes itfelf with wool. This wool is carded or worked by 
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the teeth of feveral other fmaller cylinders, called workers 
and clearers, which are fixed around the great cylinder in 
pairs. The teeth of the workers take the wool from the 
great cylinder, and give it to the clearers, which return it 
again to the great cylinder. It is then transferred to another 
worker, and by its clearer is given back to the great cylin- 
der, and fo on. It is by the repeated transferring ot the 
wool from one cylinder to another, that the chief adion 
of fcribbling or carding is performed. The teeth of the 
different cylinders do not adually touch each other, but they 
work fo near together, that the fibres of the wool which 
the teeth of one card contains are caught by the teeth of 
the other card, and drawn out a very few at a time. This 
adion tends to feparate the fibres, and renders the wool light 
and open, and alfo diilributes the wool with great evennefs 
over the furfaces of the cylinders. After the wool has 
paffed between three or four pairs of workers and clearers, 
it is taken up by a cylinder, called the doffer, which is 
fmaller than the great cylinder, and turns round very flowly. 
The wool is ftripped off from this doffer by a fteel comb, 
which is fituated parallel to the axis of the doffer, and is 
moved rapidly up and down by a crank through a fmall fpace. 
In afeending, the comb does not touch the doffer; but when 
the comb makes its down ftroke, it comep in contad with 
the teeth of the cards, and combs out almoft all the wool 
they contain. As the doffer turns round very flowly, and 
the comb ads at fmall intervals, the fucceflive portions of 
wool which it combs or ftrips off, hang together in a con- 
tinued fleece or web of a very thin texture, which hangs 
down from the doffer, and is received in a bafket. 

The wool in this Hate is faid to be fcribbled, but the 
fibres are not yet fufficiently combed out or feparated ; for 
on examination of the fcribbled wool, many fmall knots and 
films of wool are found, which are ftill clofely entangled. 
The fcribbling is therefore repeated twice or three times, and 
then the wool undergoes another operation, which is called 
carding, but which is very nearly the fame as the fcribbling, 
only the wool is formed into fmall cylindrical rolls, which 
are the firft rudiments of a thread. 

We have thought it needlefs to give a drawing of a 
fcribbiing-machine, as it may be readily conceived from the 
following defcription of the carding machine. 

Car ding- Machine. ( See Plate IV. W oollen Manufacture. ) — 
A is the wood frame of the machine, but the beft machines 
have caft-iron frames ; C C is the outfide of the large 
cylinder, which is about thirty inches diameter, and twenty- 
fix inches wide : its axis is fupported on bearings at each fide 
of the frame, and it is put in motion by an endlefs ftrap 
applied upon a pulley at one end of its axis, which pulley 
cannot be feen in the figure. The cylinder revolves about 
ioo times per minute. B is an arch of wood to receive 
fere w 8, which fupport the fix fimall cylinders marked i a 
and 2 ; thefe are the workers and clearers. The workers 
2 a are larger, and turn flower than the clearers 2 ; each 
worker is aded upon by its clearer, and both worker and 
clearer ad againft the cards of the great cylinder. 

The raw wool is fpread evenly upon the feeding-cloth 5, 
at one end of the machine : it is an endlefs ffieet ffretched 
over two rollers, one of which has a cog-wheel G upon the 
end of its axis, and receives motion from a pinion fituated 
behind the pulley F. This pulley is turned by an endlefs 
cord paffing round a pulley n, fixed upon the cog-wheel E, 
which is turned by a pinion 8 on the end of the axis of the 
great cylinder. The wool which is fpread on the cloth 5 
1$ taken off, between a pair of feeding-rollers, which are 
clothed with cards laid on in fpiral fillets. Thefe rollers 
cannot be feen, being within the frame \ they are about 
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inches diameter, and are turned round by toothed pinions 
on the axis of the cloth-roller, fo as to move rather quicker 
than the feeding-cloth. The feeding-rollers give the wool 
to a cylinder 4 a , called the carrier, which is about nine 
inches diameter. The carrier works againft the cylinder C ; 
but as its furface moves more llowly than the furface of the 
cylinder, the wool contained in the teeth of the carrier is 
taken up by the cylinder. The cardin g-machine repre- 
fen ted in our plate is {hewn with a cylinder 3, beneath the 
carrier ; this is not ufed in the prefent machines, but the 
feeding-rollers give the wool at once to the carrier 4 a. 

That part of the cylinder which is adjacent to the carrier 
moves upwards, fo as to carry up the wool it has taken from 
the carrier, and give it to the workers 2 a and clearers 2. 
The furfaces of the workers 2 a move in the fame di reft ion 
as the furface of the great cylinder, but they turn flowly, 
being put in motion by the chain 9, which pailes over 
wheels at the ends of all the three workers. Thefe wheels 
have cogs or teeth to enter into the links of the chain, and 
prevent it from flipping ; the chain paflfes beneath a wheel 
fixed on the axis of the cog-wheel E, but withinfide the 
frame. The wheel E is turned by a pinion 8, fixed on the 
extremity of the axis of the great cylinder ; and the propor- 
tions are fuch, that the workers 2 a revolve once to about 
four turns of the great cylinder, and the workers being 
about inches diameter, whilft the cylinder is 30 inches 
diameter, the furface of the cylinder moves about i8£ times 
as fail as the furfaces of the workers. 

The fmall rollers 2, called clearers, are placed fo as to 
card the wool on the workers, and on the great cylinder 
alfo. The clearers are turned round very quickly, and take 
the wool from the workers, but their furfaces do not move 
fo faft as the furface of the cylinder. Thus the ftrap 13 
pafles over a wheel of about 8~ inches diameter, fixed on 
the extremity of the axis of each clearer; this ftrap is putin 
motion by a wheel of about 22 inches diameter, fixed on the 
axis of the great cylinder ; therefore, the clearers turn about 
2 1 times to one of the great cylinder ; but as they are only 
3J inches diameter, and the great cylinder is 30 inches 
diameter, the furface of the cylinder moves near 3 J times 
as faft as that of the clearer. The carrier 4 a is turned by the 
fame ftrap 1 3 ; but being larger than the clearers, its furface 
moves much quicker, fo that the cylinder's furface moves 
only about once and a half as faft as the carrier's furface. 

The ftrap 13 alfo turns a cylinder 2, at the right-hand 
end of the machine, called the fly : its furface moves the 
fame way as the furface of the cylinder, but moves nearly 
once and a half as faft ; the pulley at the end of the fly 
being only 4^ inches diameter, and the fly itfelf nine 
inches. The fly is not placed fo clofe to the cylinder as 
to take the wool away therefrom, but is intended to raife 
and loofen it in the cards of the cylinder, fo that the 
cylinder 4 beneath it, called the doffer, can take off the 
wool more readily. This doffer is 14 inches diameter, and 
is covered with feparate fheets of card-wire, each about 
4 inches wide, leaving vacant (paces between them parallel 
to the axis of the cylinder. The doffer moves round very 
flowly, its furface moving only Vtt of the velocity of the fur- 
face of the cylinder ; it is turned by a band from a pulley on 
the axis of the roller D, which we (hall next deferibe. 

The comb which works againft the furface of the doffer, 
and ftrips off the wool from it, cannot be feen in the draw- 
ing. The comb is fupported by two upright rods, ferewed 
to it one at each end; the upper ends of thefe rods are 
guided by two horizontal levers, and the lower ends are 
jointed to two fmall cranks formed on an horizontal axis, 
which is lituated at the lower part of the frame near the 


ground, and put in rapid motion by a ftrap, from a pulley 
at the bottom of the frame beneath the great cylinder. This 
pulley has a fmaller one fixed on the extreme end of its 
axis, and receives its motion from the fame ftrap 13, which 
turns the clearers. Every revolution of the cranks caufes 
the comb to rife and fall about two inches ; and when the 
comb defeends, the teeth on its edge aft againft the cards, 
on the furface of the doffer 4, fo as to take out the wool 
from them. This wool is feparated in a continued Iheet or 
film, becaufe the ftrokes of the comb fucceed each other 
very quickly, and the doffer turns round flowly 5 but owing 
to the vacant fpaces between the cards on the doffer, this 
film only continues for a width of about four inches, and is 
then dilcontinued until the vacant fpace on the doffer has 
paffed by the comb, which then afts again to (trip off the 
wool, and fo on : hence the wool is drawn off from the 
machine in a carded ft ate, in fmall and very delicate films or 
webs of about 4 inches wide, and 27 or 28 inches long, 
which is the length of the doffer. 

Thefe detached portions of wool are next rolled up fo as 
to form fmall cylindrical rolls, which is done by what is 
called the roller-bowl D : it is a cylinder of wood, with 
(hallow flutes upon its furface, parallel to its axis ; it is 
turned round flowly by a pulley H on the end of its axis, 
and an endlefs band, 14, which pafles round a pulley I, 
fixed on the wheel E. The lower part of the roller-bowl, 
D, is inclofed within a hollow cylinder of wood, called 
the (hell ; it encompaffes the lower half, being fixed beneath 
the revolving cylinder ; the (hell is fluted within fide, but 
does not touch the bowl, leaving a fmall interval between the 
two. The portions of wool, as they are dripped or combed 
off from the doffer, fall down over the edge of the (hell, 
which for that purpofe is fituated clofe to the doffer, at that 
part of its circumference where the comb works : by this 
means, the wool which is ftripped off falls down into the 
fpace between the (hell and the roller-bowl ; and when the 
portion of wool is completely detached and drops off, the 
motion of the bowl within its (hell rolls the wool between 
them with a rolling motion, which forms the wool into a 
very round and ftraight cylindrical roll, called a carding, when 
thefe cardings drop out from between the roller-bowl and 
its (hell ; they fall upon a flat table, a a> as (hewn at 7 7 7. 
This table is covered with an endlefs cloth, which is 
ftretchedover two horizontal rollers ; one of thefe rollers has 
a crofs, marked 16, 16, fixed on the end of its axis 5 the 
arms of the crofs are feizedby a cranked lever, 15, which is 
fixed to the axis of the roller-bowl, and at every revolution 
the crofs 16 is turned round one-fourth : this moves the 
endlefs cloth forwards, and carries the cardings away in the 
manner (hewn at 7 7 7, as faft as they drop out from the 
(hell, and from this table they are carried away to the dubbing- 
machine, or billy. 

In moll modern machines the latter movement is altered, 
the endlefs cloth being kept in a continual and flow motion 
by an endlefs band palfing round a fmall pulley fixed to the 
pulley H, and a larger pulley fixed in place of the crofs 1 6. 

In fome old carding-engines many of the motions were 
performed by toothed whem and pinions ; but of late years 
all the parts are moved by bands or ftraps, which produce 
a much more equable and ftcady movement. The large cy- 
linders are generally made by placing two or more wheels of 
caft iron on one axle, the circumference of the wheels being 
cafed with wood, which is attached to them by ferews or 
rivets. The fmaller rollers are formed in a fimilar manner 
on wooden difks, but all are made hollow, to avoid warping, 
which would render the aftion of the cards irregular and 
uncertain. 
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We muft now return to the fcribbling-macbinc : it is the 
fame as the carding- machine, except that the breadth of the 
cylinder is greater, and the teeth are coarfer ; there is no 
roller-bowl D, and the doffer 4 is completely covered with 
cards, without 'any breaks or intervals 5 hence the film of 
wool which is taken off is continuous, and is fuffered to fall 
down into a bafket. 

Double Scribblers. — In Yorkfhire it is common to employ 
double fcribblers ; that is, two of the machines combined to- 
gether, and placed in one frame ; there are two large cylinders, 
each furrounded with its workers and clearers, and doffer, as 
we have defcribed, making in all feventeen fmall cylinders. 
The firft great cylinder has a feeding-cloth and carrier, to 
fupply the wool to the cylinder ; but the fecond large cylin- 
der is fupplied with wool from the doffer of the firft cy- 
linder, which doffer ferves in place of a carrier to the fecond ; 
it therefore has no comb. The doffer of the fecond cylin- 
der has a comb to take off the wool, which then falls into a 
bafket. 

This machine is faid to favc trouble of attendance, and 
does more workthau two fingle machines. The ufual prac- 
tice is to pafs the wool once through the double machine, 
and then once through a fingle machine. A double machine 
will fcribble about a hundred weight of wool per day. 

After the wool is fcribbled it is weighed, and when it iB 
taken to the carding-machine, a certain weight is fpread 
over a certain length of the feeding-cloth, fo as to fupply 
the wool to the machine with perfeft regularity. The proper 
weight which fhould be allowed is afeertained experimentally, 
according to the finenefs of the thread which is required to be 
fpun. The cardings are weighed from time to time, to 
afeertain if each one contains the proper quantity of wool. 

The cardings produced by the united operations of ferib- 
bling and carding are compofed of fibres of wool laid very 
lightly together with the leaft poflible entanglement ; they are 
very regular and even in fize, and upon this circumftance the 
perfeftion of the fpinning chiefly depends. 

Slubbing- Machine, or Billy. — This performs the firft procefs 
of fpinning. It reduces the cardings, and draws them out in 
length ; joins them together, and gives them a flight twift, in 
order to form a coarfe and loofc thread, called a flubbing or 
roving, which muft be fpun . over again in the jenny, to 
make a thread fine enough for the loom. 

This operation was formerly performed by hand oil the 
common hand fpinning-wheel, vhich is fimilar to that u fed 
for fpinning wool, but of a fmallcr fize. Machines were 
then contrived by which a number of flubbings could be 
drawn out together ; but the aid of the hands was required 
for joining the rolls or cardingb of wool together in fuccef- 
fion, and for other purpofes, which were found to take fo 
much time, that very little, if any, faving of labour was 
effe&ed by the ufe of fuch machines. 

A perfpe&ive view of the flubbing-machine, now univer- 
sally employed, is given in Plate 1 . Woollen Manufafiure . 
A A is the wood frame of the machine; within th:s frame is 
a moveable carriage, D D, which runs upon the lower ii de- 
rails at a a , with wheels 1, 2, to make it moveeafiiy ; and 
it is capable of running backwards and forwards in the 
frame from one end to the other. The carriage contains a 
number of perpendicular fpindles, marked 3,3, which are 
ut in rapid motion by a long cylinder F, and a feparate 
and from each fpindle, which paffes round a fmall pulley on 
the ijpindle. The cylinder F extends horizontally acrof9 the 
whole breadth of the carriage ; it is made of tin plate, 
hollow like a tube, and covered with paper on the outfide. 

The fpindles are placed in a frame, to as to ft and nearly 
perpendicular, at about four inches from each other ; their 
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lower extremities are fharp-pointed, and turn in fockets, and 
they are retained in their perpendicular pofition by a fmall 
collar of brafs for each, which furrounds the fpindle at 
about the middle of its length. The upper half of each 
fpindle projects above the frame, and on the lower part the 
fmall pullt'y or whirl is fixed, to receive the band from the 
horizontal cylinder, which is about fix inches in diameter, 
and a little longer than the row of fpindles ; it is placed be- 
fore them with its centre at a lower pofition than the row of 
whirls. The cylinder receives motion by a pulley at one 
end, with an endlefs band from a wheel E, made like the 
large wheel ufed in fpinning wool by hand, and of the fame 
dtmenfions. The wheel is fituated at the outfide of the 
great frame of the machine, and its axis is fupported by up- 
right ftandards ere&ed from the carriage D ; the wheel is 
turned by the left-hand of the fpinner, applied to a winch, 
which is plainly feenrin the drawing, and gives motion to the 
cylinder F, which again turn3 all the fpindles at once with a 
great velocity. 

Each fpindle receives a thread, or flubbing, which 
threads ifiue from beneath a roller, C C, at one end of the 
frame, and proceed to the row of fpindles placed in the 
carriage, fo that the flubbings are extended nearly in an ho- 
rizontal dire&ion. The fpindles, by the motion of the car- 
riage, are capable of advancing or retreating from the roller 
C, fo as to extend any required length of flubbing. 

The cardings of wool, which are to be fpun into flub- 
bings, are extended fide by fide upon an endlefs cloth, 
which is drained in an inclined pofition between two hori- 
zontal rollers, one marked B B, and the other cannot be 
feen. There is one carding for each fpindle, and the number 
is ufually from yt) to 80. C is a light wooden roller to 
bear upon the cardings which lie upon the cloth, and prefs 
(lightly upon them by its weight. Immediately before this 
roller is a wooden rail G, ana another beneath it, which is 
fixed horizontally acrofs the frame : the cardings are con- 
duced between thefe two rails, the upper of which 19 
capable of rifing ; but when it falls by its weight, it holds 
the cardings faft between the two, and hence thefe rails are 
called the clafp ; the upper moveable rail G of the clafp is 
guided between Aiders, and a wire 7 defeends from it to a 
lever 6. When the carriage D is wheeled clofe home to the 
end of the machine, a wheel 5 lifts up the end 6 of the 
lever ; and this, by the wire 7, raifes the upper rail G fo 
as to open the clafp, and releafe all the cardings : in this 
ftate, if the carriage is wheeled or withdrawn back from the 
clafp, it will draw the cardings forward. There is a fmall 
catch which receives the upper rail G of the clafp, and 
bears it up from falling until the carriage has retreated a 
certain diftance, and drawn out about eight inches length of 
the cardings ; a flop on the carriage then comes againft the 
catch and withdraws it ; the upper rail of the clalp G then 
falls and holds the cardings fall, whilft the carriage con- 
tinues to recede, and draw out or ft retch that portion of 
each carding which is between the clafp and the fpindle. 
All this time the wheel is turned to keep the fpindles in mo- 
tion, and give twift to the cardings in proportion as they are 
drawn out, by which means it is prevented from breaking ; 
becaufe as the carding diminifhes in fize, and increafcs in 
length, the increafing twift combines the fibres of the wool, 
fo as to give Jlrengjth to the coarfe thread or flubbing which 
is thus produced. 

The flubbing is lapped round the fpindle, but the clafp 
being higher than the upper ends of the fpindles, the direc- 
tion of the flubbing is not quite at right angles to the 
fpindle ; hence the fpindle, when it is turned round, will 
give twift to the flubbing, without winding or gathering it 
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up upon the fpindle, becaufe the flubbing always flips over 
the top-end of the fpindle; but when a portion of each 
flubbing is finifhed, and it is required to wind it up round the 
fpindle m a ball, the flubbing mull be prefTed down by a 
wire 8, fo a* to bear it from the point of the fpindle, and 
place it oppofite to the middle part of the cop or ball upon 
the fpindle, and then the motion of the fpindle will caufe it 
to wind up upon the fpindle, and form a ball. 

The wire 8 is made to operate upon the whole row of 
flubbings at once, and for this purpofe a horizontal rail 4 
is placed in the front of the row of fpindles, being provided 
with pivots at its extreme ends, on which it is fupported in 
ftandards riling from the carriage D. It has a fmall arm or 
lever projefting from it at each end, and the wire 8 is 
flretched between thefe arms. By turning the rail 4 round 
upon its pivots, the wire is capable of being raifed up, as 
in the figure, or lowered down at pleafure : when the wire 
is lowered, it defcends below the level of the top of the 
fpindles, fo as to bear down the threads which, when the wire 
is raifed up, as (hewn in the figure, proceed from the points 
of the fpindles. 

The fpinner holds the rail 4 in his right-hand, and it is 
by this that he draws the carriage either in or out, according 
as it may require ; and by turning the rail 4 round, he can 
elevate or deprefs the wire 8, fo as to make it bear 
down the dubbings to any degree at pleafure ; by this 
means, he diftributes the dubbings upon the fpindles in 
a proper manner, to form a regular ball or cop, as (hewn in 
the figure. 

As the cardings are very dight and tender, they would be 
liable to break if they were dragged forwards on the inclined 
cloth, or even if the cloth were to be moved round its roller 
by the force applied to the cardings. To avoid this, a cord 
is applied round a groove in the middle part of the upper 
roller, and after pafiing over proper pulleys, as (hewn in the 
drawing, it has a weight fufpended to one end, and a fmaller 
weight to the other ; the fmall weight is only to keep the 
rope tight, but the large weight tends to turn the rollers 
and endlefs cloth round in a direction to deliver out the 
cardings, fo that there will be no (train on them. 
Every time that the carriage is wheeled home, the large 
weight is wound up by means of a piece of wood projecting 
from the carriage, which feizes a knot in the cord at the part 
which lies horizontally ; this pu(hes the cord back a certain 
diftance, fo as to draw up the great weight 5 but the endlefs 
cloth cannot turn backwards, becaufe there is a ratchet and 
click at one end of the roller which prevents it 5 the rope, 
therefore, flips round upon the roller. When the carriage 
retires, the great weight turns the roller and endlefs cloth 
round, fo as to deliver out the cardings at the fame rate as 
the carriage retreats and takes them up ; but when the pro- 
per quantity is given out, the knot in the rope arrives at a 
fixed (lop, which does not permit it to move any farther ; 
and at the fame inftant the roller 5 quits the lever 6, and 
allows the upper rail G of the clafp to fall, and hold the 
carding fait from being drawn out any farther ; the wheel E 
is then put in motion to turn the fpindles round, and the 
carriage is drawn back, which extends the flubbings, and 
twifls them at the fame time, as before mentioned. 

When the carriage is drawn out to its full extent, and 
the neceflary twill is given, the wire 8 is put down to bear 
down the flubbing from the point of the fpindle, and the 
motion of the wheel being continued, the flubbings are wound 
up upon the middle part of the cop or ball which is formed 
upon the fpindle ; but as fall as the flubbings arc wound up, 
the fpinner muft pufli back the carriage towards the clafp ; 
and ne muft turn the wheel round at fuch a rate that the 
Vol. XXXVIII. 
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fpindles will not wind up any fafter than the carriage returns, 
other wife the flubbings would be broken or unequally 
ftretched 5 he muft alio raife and lower the wire 8 con* 
tinually, by turning the rail 4 round in his hand, in order 
to diftribute the flubbing on the cop in a regular manner, fo 
as to make a firm ball or cop. 

A child attends the machine to bring the cardings from 
the carding-machine, and place them upon the inclined 
cloth ; and when they are exhaufted, frem ones are joined 
on, fo as to keep the machine conftantly fupplied. 

The degree of twift which is given to the flubbing is 
regulated by the diferetion of the fpinner in turning the 
wheel at a proper rate, correfponding to the quicknefs 
with which he draws out the carriage. Slubbings which 
are intended to be fpun into yarn for the warp of the cloth 
require to be more twilled than the flubbings intended for 
the weft ; but the proper quantity of twill depends on the 
finenefs of the wool, and the length of its fibres. In general 
it may be dated, that no more twift is given to the flubbings 
than is neceflary to make them draw out to the required 
extent without breaking. This twifl is of no ufe to the 
yarn, becaufc the flubbing will be twifted in the contrary 
dire&ion, when it is fpun the fecond time in the jenny. 

An improved dubbing-machine has been introduced, 
which is put in motion by the mill, and the carriage is made 
to draw out by^the power of the machine. The fpinner 
has only to pufh the carriage in, and turn the handle, in order 
to wind up the flubbings ; by this means, a greater degree of 
regularity is attained in the quantity of twill which is 
given to the flubbings when they are drawn out. The 
movements to effe& this are taken from the mule ufed in 
cotton-fpinning. See Manufadure of Cotton. 

Spinning Jenny . — In this machine, the flubbings are fpun 
over again, and reduced to the requifite finenefs for weaving. 
The jenny has nearly the fame parts as the billy, but differ- 
ently arranged. The fpindles are placed at one end of the 
frame, and the clafp which holds tne flubbings is placed on 
the carriage, fo that it can be moved backwards and for- 
wards, to and from the fpindles by the fpinner, in order to 
draw out and extend the yarn at the fame time it is twilled. 

A perfpeftive view of the jenny is given in Plate II. 
Woollen ManufaQure. 

Thefp indies 3, 3, 3, are placed perpendicularly at about 
four inches afunder at one end of the frame A A of the 
machine. The lower extremities of the fpindles are pointed, 
and turn in fmall cups or fockets in a crofs-rail of the 
frame ; they are fupported near the middle of their length 
by palling through brafs-collars in a horizontal rail. Near 
the lower end of each fpindle a fmall pulley is fixed, to re- 
ceive an endlefs band, which paffes round the horizontal 
cylinder or roHer 2, about fix inches diameter. The cy- 
linder is fupported on pivots at its ends in the (ides of the 
frame, and lying in a dire&ion parallel to the row of fpin- 
dles, it turns them all round by a fmall band for each. 
This cylinder is ufually made of tin-plate, that it may not 
alter its figure by the weather, as wood would do ; and its 
furface is covered with coarfc brown paper, to prevent the 
bands from flipping upon it. The cylinder 2 is put in 
motion by a ftrap or band 1, 1, which paffes round a pulley 
at the end of it, and alfo round the great wheel B B, which 
is fupported in a framing fufpended over the machine 
from tne ceiling, but which is not (hewn in the drawing. 
The wheel B is turned by applying the right-hand to the 
winch B. In front of tne row of fpindles, and about a 
foot higher than their points, a long cro(s-rail 16 ts 
fituated Horizontally ; it is fupported at each extremity by 
bring mortifed into blocks of wood c c, which are furnilhed 
4P 
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with fmall wheels or caftors, forming a fort of carriage, to 
ran horizontally upon the fide-beama of the main -frame in 
grooves, which guide them, fo that the rail 1 6 can be moved 
backwards and forwards through a fpace of about fix or 
feven feet, in a horizontal pofition, without varying from its 
parallelism with the row of fpindles. The underfide of the 
rail 16 is formed into a number of narrow notches for the 
dubbings to pafs through ; and thefe notches are partly filled 
up by proje&ing pieces, rifing up from a fecond crofs-rail 
5, 5, fo as to form the clafp which confines or pinches the 
dubbings in the notches when the lower rail is raifed up ; 
but the Dubbings can draw freely through the notches when 
the lower rail is let down. This lower rail is guided and 
limited to move up and down only a fmall fpace by ftaples, 
which projed downwards from the rail 16, and receive the 
ends of the lower rail 5 of the clafp. The rifing and fall- 
ing of the lower rail is effe&ed by (mall cords fattened to it 
at about every yard of its length ; thefe cords are conduced 
over fmall pulleys (concealed in the fubttance of the upper 
rail 16), and are all attached to a handle, fituated over the 
middle of the upper rail at 16, and beneath an arched bar, 
which is fixed on the top of the clafp. The fpiuner holds 
this handle in the left-hand, whilft the right is employed in 
turning the wheel ; and by the fingers of the left-hand {he 
can raife up the lower rail 5 of the clafp, and draw it clofe 
to the upper one. It will then be retained in that pofi- 
tion by a fmall fpring-catch, and will clafp the dubbings 
faft in the notches, through which they pafs ; but when the 
fpring-catch is pufhed back, fo as to relieve the handle, the 
lower rail will fall down by its own wcigiit, and releafe the 
dubbings, to allow them to Aide through the notches. 

The cops of dubbings which are to be fpun are fup- 
ported in an inclined frame 4, 4, fattened within the main 
frame of the machine. The cops are mounted upon iron 
wires ; they are placed in two rows, one above the other, 
as fhewn in the drawing ; but each row fhould only contain 
half as many cops as there are fpindles. 

Each flubbing is conduced through a notch in the dafp, 
and thence it proceeds nearly in an horizontal pofition to 
the fpindles 3, 3. 

When the yarns have been drawn out and twitted they are 
wound up on the fpindles in balls, in a fimilar manner to the 
billy. The wire which is ufed for bearing down the thread 
from the points of the fpindles is marked 12 ; it is attached 
to a horizontal rail, which is fupported on pivots at its ends, 
clofe to the row of fpindles. There is a fmall pulley 11, 
fixed at one end of the rail, and a fhort lever at the other, 
which lever is hidden in the drawing by a part of the framing. 
Between the pulley 11 and the lever, the wire 12 is ex- 
tended, and by turning the rail round upon its pivots, the 
wire will have a motion up or down. 

The fpinner can communicate motion to the pulley 1 1 by 
means of a cord 7, 7, which pafles round it, ana extends the 
whole length of the frame, the end being made faft to a 
pin at A ; this cord lies over the furface ofone of the blocks 
c, which contains the wheels of the carriage, and paffes be- 
tween three fmall pulleys 9, 6, and 8. The centre pins of the 
pulleys 9 and 8 are fixed to the block ; but the centre pin 
of the pulley 6 is fixed to a fmall Aider, and can be drawn 
in the direction of the rail 16, by applying the finger to 
a fmall trigger near the handle 16. This a&ion removes the 
pulley 6 out of the line of the other two pulleys, fo as to 
Shorten the cord 7, and turn round the pulley 1 1 ( this 
brings down the wire 12, and bears down the threads upon 
the fpindles. A fmall counterweight is fufpended from 
the wheel 1 1, to return the wire to its former pofition when 
the preffurc of the finger on the trigger is removed. By 
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this movement, the fpinner has full command of the wire 
1 2, to raife or lower it in any degree (he thinks proper ; and 
this is done independently of the motion of the carriage, 
becaufe the pulleys 9, 6, and 8, run freely along the cord 7, 
and their motion has no tendency to move the wheel 1 1 
either way. 

The jenny is worked by one perfon, who Hands within 
the frame, and turns the wheel B with the right-hand, whilft 
he holds the clafp in the left, fo as to run it backwards 
and forwards along the frame at pleafure. The dubbings are 
drawn between the moveable rails 16 and 5, in the notches 
of the clafp, and each dubbing is fattened on to its corre- 
fponding fpindle. The clafp being left open is drawn 
backwards from the fpindles, and the dubbings run freely 
through the notches of the clafp ; the dubbings are drawn 
off the balls at 4, when the clafp retires from the fpindles, 
until a certain length of each dubbing is drawn out and ex- 
tended nearly in an horizontal pofition between the fpindles 
and the clafp : this length is regulated by a mark made on 
the frame of the machine, to indicate when the clafp has 
arrived at its proper pofition. The bars of the clafp are 
then brought together by railing up the handle under the 
catch, as before deferibed, and it fattens all the dubbings in 
the notches. This being done, the fpindles are put in rapid 
motion by turning round the large wheel B B ; they twift 
thofe parts of the dubbing6 which are extended, and the mo- 
tion being in a contrary dirc&ion to the twill of the dubbing, 
the firlt tendency is to untwift the dubbing, at the fame 
time that the carriage and clafp arc gently drawn back, 
or from the fpindles. By this means, the dubbings are 
ft retched or drawn out in length at the fame time that they 
get a new twift in the oppofite direction ; this keeps them 
from breaking, and when they are drawn to their intended 
extent by the carriage being moved back to the ftops at the 
extremity of the main frame, the great wheel is turned 
round as many turns as is neceffary to give them all the twift 
which thofe portions of thread are intended to have. 

The threads extended between the clafp and the fpindles 
are now finilhed, and it only remains to wind them up upon 
the fpindles, prsvioufly to drawing out a frefli portion of each 
dubbing, in order to fpin it in the fame manner. To wind 
up the threads, they are pu(hed down upon their refpec- 
tive fpindles, by preding the trigger which moves the wire 
1 2 ; and the motion of the great wheel B is continued, in 
order to wind up the dubbings in balls upon the fpindles, at 
the fame time that the carriage and clafp are pudied back to- 
wards the fpindles. When the carriage is got home, the 
thread is finidied and wound up, and a frefh portion of 
dubbing is extended. To do this, v the lower rail of the clafp 
is dropped down, and it releafes the dubbings ; the carriage 
is then drawn back to the mark upon the frame, as before 
deferibed, which (hews that a proper length of each dubbing 
is drawn off from the balls, and extended between the fpin- 
dles and the clafp. The clafp is then clofed, and the wheel B 
put in motion to twift the threads whilft the carriage is 
drawn out 5 thus the {pinning operation is repeated as 
before, and prepares another length of each of the threads. 
When finifhed* they are pudied down from the points 
of the fpindles, in order to make them wind up thereon in 
the balls, as before. 

There is fome diferetion required in fpiuning with the 
jenny, to draw out the carriage with a movement corre- 
fpondent to the rapidity with which the fpindles give the 
twift, or rather untwift, to the Aubbing ; for the principal ex- 
tendon of the thread is cffe&ed whilft the dubbing is un- 
twifting, and whilft the firft Dortion of twift is given to the 
threads* Thefe motions muft be properly proportioned by 
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the fpinner, v. ho muft alfo be careful to give an equal de- 
gree of twift to each fucceilive portion of thread which ii 
fpun, otherwife the thread will confift of hard and foft places. 

When the yarn is intended for the warp of the cloth, the 
fpindles are turned for a given time after the thread is ex- 
tended to its full length, as we have before mentioned ; but 
for the yarn which is to be ufed as weft, it is different : the 
whole of the twift is given during the extenfion of the 
thread, and none afterwards ; this difference is to render 
the weft fofter than the warp, becaufe in the cloth the weft 
appears more on the furfaces than the warp, and it is prin- 
cipally the felting and interlacing of the fibres of the weft 
that will form the furface of the cloth when finifhed. 

The yarns are ufually extended in the jenny two and 
a half or three times the length of the (lnbbings from 
which they are fpun ; and that degree of twift given to 
them which is fuitable to the purpofe for which the yarn is 
to be employed. 

The Mule for /pinning of Tarn is very nearly the fame ma- 
chine as the mule for (pinning cotton ; this is ufed for fpin- 
ning fome kinds of woollen yarn inllead of the jenny. 
When the mule is employed for fpinning yarn for weft, it 
h ufed in the fame manner a9 deferibed in our article Cot- 
ion Manufafturc ; but for fpinning warp, the fpindles are 
made to revolve, and twift the thread fome time after the 
carriage is run completely out, and the ftretching of the 
yarn is fini(hed. There is a movement in the machine that 
(hifts the endlefs ftrap which turns the mule upon a larger 
pulley, as foon as the carriage is run fully out, fo as to give a 
more rapid motion to the fpindles after the ftretching, or 
drawing out, is finifhed, than they had during the drawing 
hack of the carriage. By this means fome time is faved, 
becaufe the fpindles may be allowed to run very quick when 
it is only required to twift the threads ; but whilft the ex- 
tenfion is going on, the twilling motion mull be moderate, 
or the threads would be broken. A very fimilar movement 
is ufed in the mule for fpinning cotton, and is called the 
double* fpeed ; but the defeription of this mechanifm is 
omitted in the article Manufacture. 

The mule has not, till lately, been in much repute for 
fpinning woollen yarn, and the jenny is dill thought to fpin 
better yarn : but we have no doubt that when certain modi- 
fications are made, it will become a much more perfect 
method than the jenny, being much lefs dependent on the 
diferetion and dexterity of the fpinner ; for if the machine 
is once conftru&ed fo as to fpin properly, it will always 
continue to do fo. 

To keep the yarn to the fize which is intended, a few of 
the coppins are reeled off, in order to meafure out a certain 
length of the yarn, which is weighed ; and if it does not 
prove of the weight expefted, the quantity of wool which 
is fpread over a given furface of the feeding-cloth of the 
carding-raachine muft be increased or diminiftied accordingly; 
and wnen the right quantity is formed, the lead weights 
which are ufed for weighing the given quantity of wool are 
altered to fuit it. The draft of the jenny may alfo be 
altered to effe£t the fame thing. 

The fpinning proceffes are now fmifhed, and it remains 
to weave the yarns into cloth. From the defeription we 
have given, it will appear that woollen yam is fpun in a 
very different manner from cotton. The opening proceffes 
and the fcribbling and carding are very fimilar, except that the 
carded wool, inftead of being drawn into a continued (liver 
like cotton, with the fibres ftretched the lengthways of the 
fliver, is formed into feparate rolls, with the fibres difpofed 
croffwife or foirally round the roll. 

By the flubbing-machine thefe are joined together, drawn 


out in length, and (lightly t willed, by operations fimilar 
to that of roving in cotton-fpinning ; but the operation 
of drawing, which is fo frequently repeated for cotton, 
would be ufelefs, and to a certain extent even prejudicial for 
wool. The objeft of that procefs is to elongate and ftretch 
the fibres of the cotton ftraight, and lay them parallel to 
each other ; but it does not reduce the (liver to a fmaller 
fize, becaufe as many times as the (liver is extended in 
length, fo many (livers are put together into the drawing- 
frame at once, leaving the (liver which has been drawn the 
fame fize as it wa 3 before, but elongated to three or four 
times the length, and all its fibres fully extended. 

As woollen cloth is intended for felting, it is not defirable 
to ftraighten the fibres, but only to difentangle all knots* 
and unfold any fibres which may be doubled, alfo to lay 
the fibres in the direction of the length of the thread. 
There is a natural curl in the fibres of wool which (hould 
be preferved, and will contribute to the firmnefs with which, 
the fibres will entangle in the felting. 

The operation of fpinning by the jenny and billy are very 
fimilar, but both differ from the manner in which the cx- 
tenfion is made in the cotton fpinning*machiueB by rollers. 
In the jenny, the extenfion is made upon a confider- 
abte length of the carding or flubbing at once ; but in the 
rollers, the length of cotton which is fubmitted to the action 
of drawing out is very (hort, indeed very little longer than 
the length of the fibres of the cotton. In mule fpinning 
both modes of extenfion are pradlifed ; fir ft, drawing the 
roving by rollers, and then a certain length is ftretched out 
to a greater extent. 

Warping — The coppins of yarn are mounted on wires in 
a frame, and the yarns are drawn off from them, in order 
to combine a fufficient number of them together, to form 
the warp for the web of cloth which it is intended to weave. 
For inftance, for making the cloth called double drab, 
which we (hall take as an example, 2960 threads, each 
65 yards long, are laid parallel to each other ; but a repara- 
tion is preferved at every 40 threads, dividing the whole 
into 74 parcels, for the convenience of the weaver. 

The warping is performed by the warping-mill, which is 
a large reel, with its axis horizontal ; the ends of the threads 
are made faft to the reel, which is turned round, and it draws 
the threads off the coppins, fo as to wind them upon its cir- 
cumference ; and to prevent the different turns of the threads 
from lying one over another, the threads are guided 
through an eye or ring affixed to a Aider, which is moved 
along a wooden rail, in a dire&ion parallel to the axis of the 
reel, by a cord that winds round one end of the axis of the reel. 

A warping-mill for filks is deferibed in our article Silk, 
and will give a clear idea of the prefent, which only differs 
in the horizontal pofition of the axis, and in the greatnefs 
of its dimenfions. The threads for the warp being thus 
affembled together, are taken off the reel, and rolled up 
into a bundle. 

The warp is then fcoured in urine, to remove the 
greafinefs of the wool, and is next fized ; to do this, it 
is dipped into the cauldron of fize, about ten yards 
in length at a time, and well worked in by the hands. 
After fizing, the yarns are ftretched out at length in a 
field, till they are dry, and the warp is then ready for the 
loom. 

The yarn for the weft is wound off from the cops of the 
jenny to the quills or fmall bobbins, which are to be put into 
the (buttle. 

The loom for weaving broad-cloth has the fame part6 as 
the Ample loom deferibed in our article Weaving ; but it is 
made very ftrong, to enable it to refift the (train of weaving 
4P a 
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fuch broad and heavy cloth. The fly-ftiuttle, invented by 
John Kay in 1737, is now in general ufe ; it enables one 
weaver to do the work, which formerly employed two men at 
oppofite fides of the piece, to throw the (buttle from one to 
the other, the width being greater than a man can reach. 
The warp is wound on the yarn-beam, which is placed 
in the loom, fend the threads being drawn through the 
heddles and the reed, and fattened to the cloth-beam, the 
loom is ready for working, in the ufual manner of weaving 
plain cloth. At each edge of the warp a few threads 
of ftrong and coarfe yarn are placed ; thefe form what 
are called the lifts when the cloth is woven, and ferve to 
give ftrength to the cloth, and receive the hooks by which 
the piece is ftretched in the tenters after milling. 

The width of the cloth is meafured between the lifts and 
the number of yarns, which we have fpecified will make 100 
inches in width for the double drab-cloth, or for common 
cloth 3000 threads will make a piece 103^ inches wide. 
The quantity of weft ufed for thefe cloths is upon an average 
one pound weight to a yard in length. The length of the 
warp con trad 8 a little in the weaving, fo that the fix ty -five 
yards of yarns will make only fixty-two yards of cloth. 

Scouring. — The piece of cloth mutt be dean fed from the 
greafinefs of the oil before it can be felted 5 for tins pur- 
pofe, it is firft foaked three hours in a mixture of urine and 
pig’s dung, it is then fcoured in the mill for two hours, and 
laftly, for half an hour with fair water. The fconring is 
performed at the fulling-mill by a pair of (locks. (See 
Fulling- Mill ) The pair of flocks are two large wooden 
hammers, fufpended with the helves or handles in an inclined 
pofition, and the heads are lifted in fucceffion by cogs or 
lappets, fixed on the axis of a water-wheel. When the cogs 
quit the hammers, they fall by their own weight, and (trike 
the piece of cloth, which is contained in a wooden cittern or 
trough, in which the hammers work. The adion of the 
hammers is to beat and comprefs the folds of cloth, and 10 
turn the piece continually round in the trough or cittern in 
which it is placed. The form of the trough is fuch, that 
the weight of the piece of cloth caufcs it to occupy the 
lower part of the trough, and tael* hammer when it de- 
feends drives the cloth out from thh. h>weft part, and forces 
it up a curved fweep. When the hanunet io lifted up, the 
cloth falls again into the fpace winch it before occupied, 
and at the rubfequent defeent of the hammer it is again 
driven out 5 the heap of cloth is of a considerable bulk, 
and this adion of the hammers i9 chiefly on the lower part of 
the heap ; the beaks of the hammers ftrike nearly hori- 
zontally under it, as it were to undermine the heap, fo 
that the top part falls over when the hammers retreat. 
This adion caufes a continual circulation or turning round 
of the piece of cloth within the trough, and effeds the 
fcouring, by continually bending and folding the cloth in a 
frefh diredion ; and as the ftrokes ad upon a great number 
of folds at once, the different furfaces of the cloth are caufed 
to rub againtt each other, with a very fimilar adion to 
waffling cloth by hand. 

When the fcouring is finifhed, the piece of cloth is taken 
out, and extended in a vertical plane, in a frame called the* 
tenter, where it remains till dry. 

The tenter confifts of a number of vertical pofts fixed in 
the ground with a continued horizontal rail, which is fixed on 
tlie top of them, and is as long as the piece of cloth ; there 
is alfo another line of horizontal rails, which are fitted be- 
tween the upright pofts, fo as to Aide freely up and down $ 
and they can be fixed at any diftance beneath the upper 
rails by means of pins in the pofts, according to the width 

of the piece of cloth. Both the upper and Tower horizon- 
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tal rails are driven full of tenter-hooks, which are final) iron 
rails (harpened at both ends, and bent at right angles, like an 
L ; on thefe hooks the lifts of the cloth are fattened, and 
the lower or moveable rails are fixed at the proper diftance 
beneath the upper rails, in order to extend the cloth to its 
full width. 

Burling . — The cloth being dried is hurled, that is, 
examined minutely iu every part, and all knots and uneven 
threads or draws, or extraneous matters, removed ; any rents 
or defe&s which can be found are repaired, by introducing 
frelh threads. This being done before the milling or felt- 
ing, the fibres of the new threads will become fo entangled 
as to render fuch defedla nearly imperceptible in the finifhed 
cloth. 

Pulling- Mill for felting the Cloth . — There is another kind of 
flocks iu a fulling-mill ; but the {hape of the trough in which 
the (locks or hammers work on the cloth is different from that 
deferibed in the article TFvlling-MHI, which is only proper 
for fcouring. In order to fubjedl the cloth to the blows 
of the hammers, the trough for milling is formed in fuch a 
manner that the cloth cannot efcape from them, becaufe 
that part of the trough which is oppofed to the beaks of 
the hammers is nearly a flat furface, and perpendicular to 
the Jire&ion in which the hammers ftrike, fo that the cloth 
is actually beaten between the beaks of the hammers and 
the flat bottom or rather fide of the trough. 

The hammers are made to ftrike very heavy blows 5 but 
they do not bruife or injure the cloth, becaufe there is 
always a great number of folds of cloth on which they 
ftrike. The helves or handles of the hammers are placed 
in a different pofition from the fcouring-ftocks, in order to 
make the hammer-heads fall in a more perpendicular dire&ioa 
when they make their ftroke, and hence they ftrike with 
more force. On this account they are called falling-docks, 
whilfl thofc ufed for fcouring are called hanging-docks, 
in which the helves of the hammers being nearer to the per- 
pendicular, the heads move in a more horizontal dire&ion, 
in the manner of a pendulum, and exert lefs force on the cloth ; 
the other difference is, that the hammers of the fcouring- 
(locks only drive the heap of cloth round in the trough, 
there being no part dire&ly oppofed to the beaks of the 
hammers but a fair curve, which is fo much inclined to the 
dire£lion in which the hammers move, that the cloth mounts 
up the inclined curve when the hammer ftrikes, and evades 
the dire£l force of the blow. 

There is another kind of fulling-ftocks, in which the 
trough and hammer are conftru&ed with a view to mill or 
felt the cloth 5 but the hammers are put in motion in a 
different manner : thus the helves are fufpended in a vertical 
pofition, like pendulums, and the force of the cogs on the 
horizontal (haft, which is turned by the water-wheel, is 
applied to drive the hammers forwards againtt the cloth, and 
produce the felting. To return or draw back the hammers, 
a chain is attached to each, and thefe chains are linked to 
the oppofite ends of an horizontal lever, like a feale-beam, 
which is fixed in front of the docks. This lever and chains 
draw back one hammer when the other is puftied forwards ; 
and as the hammers are a&uated alternately by the cogs, 
a con ft ant a&ion is kept up. 

The moft fimple fulling-mill by a water-wheel has no other 
wheels, but the tappets or cogs which lift the hammers are 
fixed immediately into the axis of the water-wheel, and it 
ufually gives motion to two pair, one at each fide of the 
wheel. It rarely happens that this conftru&ion of a mill 
allows the water to be ufed to the greateft advantage, be- 
caufe the circumference of a water-wheel (hould not move 
with a greater velocity than between 180 and 240 feet per 
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minute ; and the hammers of a fulling-mill (hould be fo timed, 
that each one will make from about 30 to 36 blows par 
minute* This requires that the cogs for the hammers (hould 
be numerous, ana fixed in the circumference of a large wheel 
fixed on the axis of the water-wheel, otherwife the water-wheel 
mull be made to turn fo quickly as to lofe a great part of 
its force* A better way is to apply a cog-wheel on the axis 
of the water-wheel to turn a pinion on the horizontal (haft, 
which carries the cogs for the hammers, and this horizontal 
(haft may have a fly-wheel upon it, to regulate the motion 
And render it uniform. 

Mr* Smcaton’s proportions for a fulling-mill for two pair of 
dock 8 were as follows : — The water- wheel, 14 feet diameter, 
7 feet broad ; it was a bread-wheel, and the fall of the water 
was five feet from the furface of the mill-pond to the tail- 
water below. The fpar-wheei on the axis of the water- 
wheel 72 cogs, and 9^ feet diameter ; the lantern turned by 
it 23 rounds. Upon the fame (haft as this lantern was a fly- 
wheel of eight feet diameter, with a rim of cad-iron feven 
inches fquare, and alfo the two cogs or tappets for each of 
the four hammers forming two pair of docks. The fame 
mill was adapted to be turned by the power of horfes in dry 
feafons ; for this purpofe, another lantern of 13 teeth was 
applied on the other end of the fame horizontafaxis, which 
could be occafionally turned by a horizontal cog-whccl of 
90 teeth and 1 2 feet diameter, fixed on the vertical (haft, 
which the horfes turned. The levers by which the horfes 
drew were 15 feet long, fo that the horfes' track was 30 
feet diameter. 

It required four horfes to work one pair of docks in this 
mill, and when Mr. Smeaton tried the expenditure of water 
at this mill, and alfo at another mill with an over(hot-wheel, 
he found it required from 1200 to 1400 cubic feet of water 
per minute, falhng one foot, to work a pair of docks. Taking 
the force of a horfe at 352 cubic feet per minute raifed 
one foot, this is very nearly equal to four horfes. Thefe 
docks were ufed for fulling of bays, and we apprehend the 
power for working the fulling-mills for broad-cloth is 
greater. 

Procefs of Milling . — A piece of cloth of fixty-two yards 
long has fix pounds of foap allowed for it, which is diffolved 
in water, and a handful ipread upon every yard in length ; 
the piece is then put into the trough of the mill, and worked 
for three hours ; during this time the cloth is frequently 
moved in the trough, to expofe fre(h furfaces to the a&ion 
of the hammers. The blows upon the cloth caufe a motion 
of the fibres of the wool amongd one another, and the foap 
facilitates this motion ; the fibres of the wool have the An- 
gular property of moving always forwards in the dire&ion 
of the roots of the hairs, when a number of hairs are rubbed 
or worked together, but they will not retreat in the oppofite 
direction ; this produces the matting or entangling of all the 
fibres together. After three hours milling, the piece of cloth 
is taken out of the trough, and foaped again, then returned 
and milled again for three hours. This is repeated four 
times, making twelve hours milling in the whole, and then 
a ft ream of fair water is admitted into the trough, to walh 
away the foap. The piece of cloth, when taken out of the 
mill the laft time, is generally found reduced to about 60 
inches broad, and 40 yards in length ; before the operation, it 
was 100 inches broad, and 62 yards in length. 

The operation of felting is fo well explained by 
M. Monge, in the Annales de Chimie, that we think proper 
to give an extraA from his memoir, in addition to what is 
dated in our articles Fbltihg, Fulling, and Wool. 

If we examine a human hair, a fibre of wool, or the hair 
of a rabbit, hare, beaver, flee, in a microscope of the greateft 
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magnifying power, the furface of each hair appears fmooth 
and even ; or at leaft if any inequalities are perceptible, 
they feem rather to arife from fome difference in the colour 
and tranfparency of particular parts of the fibres than from 
the irregularity of their furfaces 5 for their images, when 
viewed by a folar microfcope, are terminated by even lines, 
without any roughnefs. Neverthelefs it it probable the fur- 
faces of thefe objefts are formed either of laming which 
cover each other from the root to the point, much in the 
fame manner as the feales of a fifli cover the animal from 
the head to the tail ; or (kill more probably of zones placed 
one over the other, like what is obferved in the ftru&ure of 
horns ; to this conformation it is, that fuch fubftances owe 
their difpofition to what is called felting. 

If with one hand we take hold of a hair by the roots, and 
draw it between two fingers of the other from the root 
towards the point, we are hardly fenfible of any fri&ion or 
refiftance, nor can we dillinguilh any found ; but if, on the 
contrary, we draw it between the fingers from the point 
towards the root, we are fenfible of a refiftance which did 
not exift in the former cafe. A fort of tremulous motion is 
alfo produced, which is not only perceptible to the touch, 
but may alfo be diftinguifhed by the ear. 

It is evident, therefore, that the texture of the furface of 
a hair is not the fame from the root towards the point, as 
from the point towards the root. Ab this texture is the 
principal obje& of the prefent memoir, it is neceflary to 
demon ft rate it by fome other obfervations. 

If a hair is held between the fore-finger and thumb, and 
rubbed by them backwards and forwards alternately in the 
direction of its length, a progreflivc motion of the hair will 
take place ; but this motion is always with the root for- 
wards, although the rubbing of the finger and thumb is 
alternately in both dire&ions. This effeS does not at all 
depend on the nature of the (kin of the fingers, or its tex- 
ture ; for if the hair be turned, fo that the point is placed 
where the root was, the movement then becomes con- 
trary, viz. its motion is always dire&ed towards the root. 

What is obferved in the above inftance is entirely analo- 
gous to what happens when country children, by way of 
(port, introduce an ear of rye between the wrift and the 
(hirt-fleeve ; the points of the beards of the ear are dire&ed 
outwards, and by the various motions of the arm, this ear, 
fometimes catching againft the (hirt,fometimes againft the (kin, 
takes a progreffive motion backwards, but the beards always 
refill its return, fo that it foon gets up to the arm-pit. It 
i6 very clear, that this effect is produced by the afperities 
upon thefe beards, which being all directed towards the 
point, do not permit the ear to move in any other direction 
than towards that part which was united to the ftalk. 
There can be no doubt that it is the fame with refped to 
hair, and that its furface is befet with afperities, which being 
laid one upon the other and turned towards the point refiit 
all motion, except towards the root. 

Thefe obfervations, which it would be ufelefs to multi- 
ply, relate to long hair, which have been taken as examples ; 
but they apply with equal propriety to wool, furs, and in 
general to every kind of animal hair. The furface of all 
thefe is, therefore, to be confidered as compofed of hard 
lamelld placed one upon another, like tiles, from the root to 
the point ; which tamclls allow the progreffive motion of 
the hair towards the root, but prevent a fimilar motion 
towards the point* 

From what has been faid, it will be eafy to explain why 
the contaA of woollen ftuffs is rough to the (kin, while that 
of cotton or linen cloths is fmooth ; the reafon is, that not- 
withstanding the flexibility of each particular fibre, the af- 
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perities upon the furface of the fibres of the wool, by fixing 
themfelves in the (kin, produce a difagreeable fenfation, at 
leaft till we are accuftomed to it ; whereas the furface of 
the fibres of hemp or flax, of which linen is made, being 
perfectly fmooth, do not caufe any fuch fenfation. It is 
alfo probable, that the injurv arifing to wounds or fores 
from the application of wool does not proceed fo much 
from any chemical properties, but is occafioncd folely by 
the form of the furface of the fibres, the afperities 
of which attach themfelves to the raw and expofed. flefh, 
which they ftimulate and irritate to fuch a degree as to pro- 
duce inflammation. 

The afperities with which the furface of wool is every 
where furrounded, and the difpofition which it has to aflume 
a progreflive motion towards the root, renders the fpinning 
of wool and making it into cloth difficult operations. In 
order to fpin wool and afterwards to weave it, we are 
obliged to cover its fibres with a coating of oil, which, 
filling up the cavities, renders the afperities lefs fenfible ; in 
the Ume way as oil, when rubbed upon the furface of a very 
fine file, renders it flill lefs rough. 

When a piece of cloth is finifhed it mu ft be cicanfed 
from this oil, which, befides giving it a difagreeable fmcll, 
would caufe it to foil whatever it came in contaft with, and 
would prevent its taking the colour which is intended to be 
given to it by the dyer. To deprive it of the oil it is 
icoured at the fulling-mill, by working it with hammers in 
a trough full of water or urine, in which fuller's-earth is 
fometimes mixed. This earth combines with the oil which 
it feparates from the cloth, and both together are wafhed 
away by the frefh water, which is afterwards brought to it 
in tne machine. Thus after a certain time the oil is entirely 
wafhed out of the cloth. 

The fulling, which fucceeds the fcouring of the cloth, 
is aided by the application of the foap. The alternate 
preflure given by the hammers to the piece of cloth, efpe- 
cially when the milling is pretty far advanced, occafions an 
efFeA analogous to that which is produced upon hats by the 
hands of the hatter ; the fibres of wool which compote one 
of the threads, whether of the warp or the weft, aflame a 
progreflive movement with their roots forwards, and intro- 
duce themfelves among the fibres of the threads neareft to 
them, then into thofe which follow ; and thus by degrees all 
the threads, both of the warp and the woof, become felted 
together. The cloth, having by the above means become 
(hortened in all its diincnfions, and thickened in its fub- 
ftance, partakes both of the nature of cloth and of that of 
felt ; for at the fame time that the threads give it confider- 
able ftrength, it may be cut without being fubjeft to ravel, 
and on that account we are not obliged to hem the edges of 
the pieces of which wearing apparel is made. Laftly, as 
the threads of the warp and thofe of the weft arc no longer 
fo diftin& and feparated from each other as to leave inter- 
ftices between them, the cloth forms a warmer clothing, in- 
dependently of its having acquired a greater degree of thick - 
nels. Knit worded is alfo rendered lefs apt to run, in cafe 
a ftitch (hould drop, by the operation of fulling. 

TetUtcrtng ,~ When the milling is finifhed, the cloth is 
ftretched again on the tenter. It is ufual to extend the 
piece to forty-two yards in length, but not at all in breadth ; 
indeed only one inch of extenfion in each yard is allowed by 
law. The cloth remains in the open air until it is perfe&ly 
dry and ready for the fucceeding operations of finifhing, 
which are only intended to give it a beautiful furface, for it 
already poffcffes all the ufeful qualities of cloth. 

Dreffmg the Cloth with Teafels, — This operation is to raife 

up the nap or loofe fibres on the furface of the cloth, by 
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fcratching it over with a fpecies of thillles called teafels, 
in order to form a wool on the furface, which can be 
removed by (hearing. The teafels are the balls or ears which 
contain the feed of the plant called dipfaeus fullonum ; the 
feales which form the ball projeft on all tides, and are 
terminated with (harp points, which turn downwards, like 
hooks, and are very elaftic. See Teasel. 

A number of teafels are put into a fmall frame, which i* 
compofed of a handle eight or ten inches long, having ? 
fmall (tick patted through it at one end about eight inches 
long, which is fplit into two at each end nearly all its length. 
There is alfo another fimilar (lick, which is pafled through 
the handle near the middle of its length ; the two fplit flick* 
arc perpendicular to the ftem or handle, and parallel to each 
other. The fpace between them is filled with teafels, which 
are jambed in very faft between them, and alfo in the clefts 
of the fplit flicks, where they are fecurcd by firings extended 
between the ends of the fplit (ticks, and twifted, until they 
draw the (ticks forcibly together, and bind the teafels very 
faft. This frame filled with teafels forms a tool, which very 
much refemhies the curry-comb ufed to clean horfes, and is 
ufed in a fimilar manner, to fcratch over the whole furface 
of the cloth, and draw out all loofe ends of the fibres of the 
wool, which arc not firmly confined by the entanglement of 
the felting. 

The drefling is performed by two men, who hold the 
teafel-frame by its handle, and work the cloth, when it is 
hung up in a vertical pofition over two rails fixed to the 
ceiling ; when they have worked over as much furface as 
they can reach, they draw down a frefh portion, which they 
work in turn, and thus proceed until they have finifhed the 
whole piece. The firft time the cloth is dretted it is wetted 
with water 5 it is worked three times over in the wet ftatc, 
by ftrokes in the dire&ion of the length of the piece, and 
then it is worked again three times in the other direction ; by 
this means all the fibres are railed, and the cloth is prepared 
for (hearing. 

In the moft improved manufactories, the drefling is per- 
formed by the gig or gig-mill. This is a cylinder covered 
on its furface with teafels, and turned rapidly round whilfl 
the cloth is drawn over it. 

The Gig-mill is reprefented in pcrfpeCtive in Plate V. 
Woollen Manufacture, M is the wood frame of the machine 5 
F F is the cylinder or drum, which is compofed of 12 rails 
or troughs, filled with teafels F F, 3, 4, & c. Thefe are 
fattened on the circumference of two or three wheels fixed 
upon a wooden axis 7 ; the drum is put in motion by a 
pulley E D at one end of its axis, which receives an end- 
lefs (trap, 2, from the drum C, fituated above the machine. 
There are two pulleys, E and D, one fixed faft on the axis, 
and the other fitted on loofely, with liberty to turn round 
freely upon it ; the ftrap can be fhifted to either pulley, and 
accordingly the machine will be put in motion, or will (land 
flill. 

The drum C is fixed on one end of an iron (haft 1, which 
is put in motion by a bevelled wheel B, from the larger 
wheel A, fixed on the great horizontal (haft, which proceeds 
the whole length of the mill. The drum, F F, covered 
with teafels, is mounted on bearings fupported by the frame, 
and the piece of cloth G is conduced over it, to receive the 
a&ion of the teafels ; one end of the piece of cloth is wound 
round a roller J, and the other end of the piece is wound on 
the roller L ; both thefe rollers are put in motion from a 
bevelled wheel 6, fixed on the extremity of the axis of the 
drum ; this turns a wheel H upon an inclined axis, which 
has a pinion at each end ; one of thefe pinions, 9, turns a 
bevelled wheel, K, on the end of the axle of the upper 
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roller L ; and the other, 8, turns' the wheel I belonging to the 
lower roller J. By means of this wheel-work both rollers 
are turned round in the proper direction, to make the upper 
roller L wind up or draw the cloth, whilft: the lower roller 
unwinds and gives out the cloth. N is a pipe, which con- 
veys water to the machine ; it is pierced with a number of 
holes to throw jots of water on the cloth, and wet it. 

As fad as the cloth is taken up by the roller L, it is 
given out by the other roller J, and is then drawn over the 
furface of the cylinder, as at G, the teafels of which, as it 
revolves, aCt very effectually on the cloth to raife the nap. 
When the whole piece has paffed, and is gathered up on the 
roller L, the machine is flopped, by fliifting the ft rap 2 to 
the loofe pulley D, then the two rollers L and J are ex- 
changed, and the operation is repeated as before, and fo on 
till the nap is fufficiently raifed. 

The mode of repeating the aCtion on the cloth by ex- 
changing the rollers is troublefome, and a better mode ia to 
provide the means of difengaging either of the wheels K or 
I from its refpeCtive pinion, making the machine fo that only 
one wheel and pinion can be engaged at once ; alfo to make 
the motions in fuch direction that the roller which is engaged 
fhall always wind up the cloth upon itfelf. Each roller 
muft have afmall wheel upon one end of it, as (hewn at io, 
with a lever and weight 1 1, to prefs upon the circumference of 
the wheel with fuch force as to occafion a friCtion, and make 
the cloth draw tight when it is drawn off the roller. In this 
way, the cloth can be made to work either backwards or for- 
wards ; becaufe that roller which is engaged with the wheel- 
work will wind up the cloth, and draw it off from the other 
roller acrofs the drum ; but when all the cloth is wound off, 
that roller which has taken the cloth muft be di fen gaged, 
and the other put in action, which will make the cloth work 
back again. 

The moft improved gig-mills ufed in Yorkfhire have a 
ftill better method of moving the cloth. This is by means 
of a pair of rotlers in the place of the upper roller L : they 
are turned round by a large fpur-wheel on the end of the 
roller, which works in a lmallcr wheel on the end of the 
drum ; one roller is mounted over the other, like the two 
rollers of a flatting-mill, and prefled together by ferews 
with fufficient force to draw the cloth between them. The 
piece of cloth, when brought to the machine, is laid down 
on a board on the ground before the machine, and one end 
is paffed under the roller J, which is merely to guide it ; 
then it is carried over the drum, as at G, and introduced 
between the pair of rollers at L, which draw it flowly for- 
wards ; from thefe the cloth turns upwards, and is extended 
horizontally over two rollers which are fufpended from the 
ceiling. After quitting thefe rollers, it defeends perpendi- 
cularly, and is gathered on the ground in folds on a board 
or bench, clofe to the place where the piece of cloth was 
laid before the drefling was begun. In order to make the 
piece of cloth pafs a fecond time through the machine, or 
as many times as is required, the two ends of it are fewed 
together, fo that it circulates continually over the drum 
without any interruption or trouble : it is ufually done three 
or four times. 

It is an advantage of this method, that the cloth, in 
descending from the ceiling, hangs perpendicularly, and 
with that fide which has been dreffed oppofite to the light, 
fo that the workman who gathers it in folds can examine 
the progrefs of the work ; and when he judges that the 
cloth is fufficiently dreffed, he cuts the fewing which unites 
the two ends together, and then the end of the piece comes 
out of the machine, and the cloth is carried away to give 
place to another piece. 
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The drum or cylinder of the gig-mill is compofed of a 
number of ihallow troughs, fixed on the circumference of 
the wheels of the drum, and parallel to its axis : into thefe 
troughs, frames filled with teafels, like thofe we have before 
deferibed, are faftened in a very fimple manner; and the 
frames are placed fo clofe together, that the trough is wholly 
filled, and forms a continuous furface of teafels to aft upon 
the cloth when the cylinder revolves. When the hooks of 
the teafels become filled with flocks or fibres of wool, which 
they have drawn out from the cloth, they are removed from 
the cylinder, in order to be cleaned by children, who pick 
out the flocks with a fmall fteel comb. 

The teafels are cultivated very largely in the clothing 
countries ; but it fometimes happens, m particular feafons, 
that the crops fail, and they are then very dear. This has 
produced many trials of metallic teeth as fubftitutes for 
teafels. Mr. Price of Stroud, in Gloucefterfhire, has two 
patents, dated 1807 and 1817, for this object ; Mr. Laffalle 
of Briftol took a patent in 1816, Mr. Williams of Furfleyin 
1817, and Meflrs. Lewis of Brinfcomb in 1817. We are 
not informed if any of thefe inventions are yet brought into 
real ufe in the manufacturing diftriCt. 

Shearing or Cropping the Cloth . — By the operation of the 
teafels, the wool is become raifed all over the furface of the 
cloth in a loofe fur, which muft be removed by (hearing 
before the cloth will be fit for wearing, becaufe the fur 
would gather dirt and duft, and would wear very un- 
equally. 

The (hears ufed for cropping by hand are the fame as thofe 
ufed in the common (hearing -machine, and are represented at 
E, E, in Plate III. Woollen Manufacture . The clothier** 
(hears confift of two very large flat blades of fteel, united 
together by a Item of fteel, which is bent into a circular 
bow, and is fufficiently flexible to allow one of the blades 
to be moved upon the other, in order to make them cut. 
Both blades are ground to (harp and ftraight edges, which 
apply one to the other, but the blades are not in parallel 
planes like feiffars, for one of the blades is laid quite flat 
upon the cloth, and the plane of the other blade will then be 
inclined to the cloth at about an angle of 45 degrees, as is 
(hewn in Plate III. The cutting-edge of this inclined 
blade bears upon the furface of the flat blade, and the 
fpring of the bow is fo fet, as to prefs the two edges always 
in contact. The lines of the edges of the two blades are 
not parallel to each other, but inclined, fo that the edge of 
the upper blade erodes the edge of the lower blade, and 
bears upon the flat furface of that blade, at the end neareft 
to the bow, whilft the other end of the edge of the upper 
blade is removed over the edge of the lower blade, thus 
leaving an interval between the two edges, when the (hears 
are open, as 16 plainly (hewn in the figure. In this date, 
the (hears being open, if the lower blade is laid flat upon the 
furface of the cloth, the nap or wool, which is to be removed 
by the cropping, will (land up above the edge of the lower 
blade, in the interval between the two edges ; then if the 
blades be forced together, the edge of the upper blade will 
pafs or crofB over that of the lower, and cut away all the 
wool which projects above the edge of the lower blade. 
The contaft of the cutting-edges begins at the end neareft 
to the bow, and proceeds regularly to the other, becaufe, as 
before mentioned, the edges are not parallel to each other. 
The blades open or return to their former pofition by the 
elafticity of the bow, but in order to make the cut they are 
clofed by means of a handle or lever 10, which is fitted or 
lodged on a round part of the Hem of the bow, fo as to 
play thereupon as upon a centre of motion. A double cord 
is made fail to the lever or handle near to this centre, and 
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tlie other end of the cord is fattened to a block of wood, 
which is fcrewed to the flat of the lower blade, and rifes up 
to a proper height. By deprefling this handle, the (hears 
are clofed, and make their cut with the greateft facility, 
the elafticity of the bow returning the handle. 

The manner of cropping with thefe (hears is as follows : — 
The piece of cloth is laid down in folds upon a plank or low 
bench placed on the ground, and the end is drawn acrofs a 
table or bench, which is covered with cloth, and fluffed with 
horfe-hair, like a cufliion. The cloth is flretched out flat 
upon the furface of the table, and is retained by hooks and 
weights. Two workmen arc employed to (hear a piece of 
cloth; they place the lower blades of their (hears flat on the 
furface of the cloth, with the line of the edge in the direc- 
tion of the length of the piece ; one of the (hears is laid on 
the edge or lift of the cloth, and the other exa&ly in the 
middle of the breadth of the cloth. The bows and ftems 
of the (hears projedt over the edge of the table, and the 
workmen place thcmfelves at that edge. Each man guides 
the (hears with his left-hand, and makes the cut with his 
right. To hold the (hears by, a (hort ftaff is la(hed to the 
bow of the (hears, and fecured by a flay to the lower blade ; 
its direction is nearly parallel to the back edge of the upper 
blade. The workman puts his arm through the bow as far 
as the elbow-joint, then lays the fore-arm flat againft the 
ftaff, which he grafps with the hand ; and in this way he has 
a great command of the (hears, leaving the right-hand at 
liberty to work the handle which clofes the (hears. This 
handle is moved backwards and forwards with great rapidity, 
to make cuts or clips on the cloth, and between every cut 
the lower blade is moved a fmall fpace on the cloth, to cut 
in a frelh part. 

The art of (hearing confifls in moving the (hears with 
great regularity and parallelifm, fo that every part of the 
furface (hall be equally cropped. The clofenels with which 
the (hears cut is regulated by weights laid upon the flat of 
the lower blade ; thefe prefs the blade down into the foft 
cufliion on which the cloth is fpread, fo that the fur will 
ftand up more above the edge of the blade. 

A.s the two (hearers advance in their work, their (hears 
proceed acrofs the breadth of the piece of cloth, and when 
the man who began in the middle nas worked to the lift of 
the cloth, the other who began at the lift will have worked 
to the middle, where the firft began ; the whole breadth is 
now (horn, and they remove the (hears, and draw the piece 
of cloth forwards acrofs the table, to obtain a frefli furface 
to work upon. 

For (hearing common cloth, it is cut wet the firft time, 
then it is drefled again with teafels, dried on the tenter, and 
cut again in a dry ftate three times over. 

$ hearing- Frame. — The moft common machine ufed in 
Yorkihire is only applied to give motion to the fame kind 
of (hears as are ufed for cropping by hand, and is ufually 
called the (hearing-frame. At the fide of the table or cufliion 
on which the doth is fpread, a long ftool is placed, having 
grooves at the edges to guide the wheels of a carriage, to 
which the (hears are amxed by their bows. There is a 
carriage for each pair of (hears, and they are (lowly and 
gradually moved along the ftool, by a cord which winds 
upon a roller turned by wheel-work ; and at the fame time, 
the handles of the (hears are continually pulled by a cord 
connc&ed with a fmall crank, which turns round very ra- 
pidly. The direction of the cuts is the lengthways or the 
piece of cloth, and the two pair of (hears advance acrofs 
the breadth of the piece until a whole breadth is cut ; the 
machine is then (topped, the (hears removed, and the piece 
of cloth (hifted upon the table. Thefe (hearing-frames 
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operate very well, but require great care and attention to 
make the different cuttings join, in order to cut equally over 
the whole furface. 

The machine invented by Mr. Harmar of Shefiield was 
of this defeription ; his firft patent was in 1787, and another 
in 1794. At one period his machines were in general ufe, 
but the prefent (hearing-frames, although of the fame kind, 
are very much Amplified, and work equally well. 

A Perpetual Shearing- Machine is reprefented in Plate III. 
Woollen Manufacture ; it is ufed in the weft of England, and is 
beft adapted for narrow cloths. The (hears lay croffwife over 
the piece, which is drawn regularly beneath the (hears in the 
diredtion of its length without any interruptions 5 hence it is 
called a perpetual (hearing-machine. 

The (hears, EE, are the fame as what we have already 
deferibed. Each pair is fattened ?.crofs the frame by means 
of a piece of wood, to which the lower blade of the (hears 
are ferewed ; immediately beneath this blade is the cufliion 
to bear the cloth, which paffes between the blade and the 
cufliion. The piece of cloth is wound round the roller C, 
upon the end of which is a wheel N, and a lever M, which 
bears up againft the lower part of this wheel with fo much 
fridtion as to make the cloth ftrain tight in drawing off from 
the roller. The cloth firft pafles over a rail B, from which 
it proceeds in an horizontal dire&ion beneath the two pair 
of (hears E E, then turns over another rail at the other end 
of the frame, and defeends to a roller D, which is turned 
(lowly round by the machinery, in order to wind up thr 
cloth. 

The machine is put in motion by the endlefs ftrap round 
the drum F upon a (haft, which proceeds all the length of 
the mill. The ftrap turns the pulley G upon the end of 
the fmall horizontal fpindle H : in this fpindle two cranks 
are formed at a and b, which are conne&ed, by wires 7 
and 8, with the handles 9 and 10 of the (hears E, fo as to 
give them a continual motion, and make a cut of each pair 
of (hears every time the fpindle H makes a turn. The mo- 
tion of the machine can be flopped by releafing the lever P, 
on which the bearing of the fpindle is ferewed : when the 
lever P 13 depreffed, and kept down by the catch, as repre- 
fented in the drawing, the endlefs ftrap is drawn tight, fo 
as to turn the fpindle ; but if the catch is removed, and the 
lever raifed up, the ftrap becomes loofe, and flips round 
upon the pulley without turning it. A fmall pulley is 
fixed upon the fpindle at I, to receive an endlefs ftrap 
which paffes round a larger wheel J. Upon the fame axis 
with this arc three other pulleys of different diameters, 
which receive a ftrap 2, and give motion to three fimilar 
pulley 8 fixed upon a fpindle 3 : the latter fpindle has a 
pinion on the end of it, which works a bevelled wheel fixed 
on the end of the roller D, and thus it is turned (lowly 
round. The three pulleys on the fpindles 3 and J are 
placed reverfed to each other, that is, the fmalleft pulley 
on one is oppofite to the larged on the other; by this 
means, the fame ftrap 2 may be (hifted, and will work on 
any of the three pair of pulleys, but each one will com- 
municate a different degree of movement to the roller D, 
and confequently to the cloth, fo as to draw it quicker or 
flower, and make the fucceflive cuts of the (hears at a greater 
or lefs diftance afunder at pleafure. 

The cufliions which bear up the cloth againft the (hears 
are moveable on centres of motion, and are capable of being 
raifed or lowered. When they are lowered down, the cloth 
can be readily introduced beneath the lower blades of the 
(hears ; and when raifed up, they prefs the cloth up to the 
(hears, and the force of this preffure can be legislated by 
turning a fmall handle. In many machines this motion is 
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applied to the (hears themfelves, inftead of to the cufhion or by the fame machine which performed the (hearing- Thus 
bed, and is much more convenient. after the cloth has undergone the operation of (hearing or 

The perpetual machines anfwer very well for (hearing cropping, in its paflage down to the cylinder on which it is 
narrow clotn, when the (hears can cut at once acrofs the wound up, it is expofed to a current of fleam thrown out 
whole breadth ; and then as the two (hears E work in fuc- from a horizontal tube at a number of fmall apertures, fo as 
ceffion over the fame furface, they crop the cloth twice over to give foftnefs and pliability to the cloth 5 a brufhing cy- 
in paffing once through the machine. It has been attempted linder is next made to move againfl it, by which the re- 
to (hear wide cloths in this machine, by making one pair of maining wool or fur k laid in one direftion. It then pafTes 
(hears take one half the breadth, and the other pair the between two polifhed metal cylinders, which are made 
other half ; but it is very difficult to draw a wide piece of hollow, and kept hot by the admiffion of fleam or other- 
cloth fo evenly over the cuffiions, as to keep if llretched to wife. Thefe occafion a great preflure on the cloth, and 
the full breadth without any wrinkles in the lengthways of diffipate all the water imbibed from the (learn, 
the piece 5 and if there are any fuch wrinkles, the cloth will Rotatory Shearing* Machine , — A very complete machine 
be cut very irregularly. In this particular, the firft for cropping cloth of any breadth was invented by Mr. Price, 
machines have the advantage, becaufe the cloth is ftretched of Stroud, in Gloucefterffiire, and for which he obtained a 
over the cufhion by the workman with diferetion, and he patent in 1815. This machine (hears or crops the cloth 
makes it tight before the cropping is begun. acrofa the breadth, beginning at one end of the piece. 

There have been many patents for the improvements of and continuing regularly to the other. For this pur- 
fhearing-machines. Mr. Buffington’s, in 1804, is for a pofe, the cloth is conduced through the machine by the 
method of ftretching or extending the cloth breadthways motion of rollers, and is drawn over a bed or fupport which 
whilit it is in the (hearing-frame. His plan is to attach lies beneath the (lationary or fixed blade of the (hears or 
a narrow web of ftrong cloth to the lifts of the cloth, by croppers, ( which anfwers to what is called the ledger-blade 
fewing or lacing ; the outer edge of this web is alfo fewed in the common (hears,) fo that the cloth pafles between the 
to a cord or fmall rope, fo that the cloth becomes edged or bed and the flationary blade. 

bordered with ropes. Thefe ropes are conduced through The moving blades of the (hears arc fixed on the circum- 
Jioles or openings in the frame, which will fuffer the cloth fercnce of a cylinder fituated above the fixed blade, with its 
and ropes to be moved in the direftion of their length ; but axis exaftly parallel thereto, and capable of revolving by the 
as the ropes cannot draw fideways out of thefe openings, the power of machinery, fo that the edges of the moving blades 
cloth may be continually ftretched in its breadth. The will be carried againft and paffed over the edge of the fixed 
openings (hould have rollers to facilitate the motion of the blade, in order to cut away all the wool of the cloth which 
ropes. rifes above the edge of the fixed blade. Several fuch moving 

Mr. Jofeph Fryer’s patent (hearing-machine, dated 1802, blades are fixed upon the fame cylinder, to aft in fucceffion 
afts with three (hearing-blades, one long one, which extends againft the fixed blade ; and thefe moving blades are placed 
acrofs the breadth of the piece to form the lower or fixed obliquely to the axis of the cylinder, or in fuch a manner 
blade, and two other moveable blades of half the length, as to form portions of fpirals ; but as all parts of the 
which are jointed to the long blade at the two ends, and cutting edges are equidiftant from the axis of the cylinder, 
are moveable thereon, fo as to cut in the manner of feiffar- it is manifeft, that in the revolution of the cylinder, every 
blades. The moveable blades are prefled into contaft with part of each fpiral edge is brought in fucceffion into 
the edge of the fixed blade by fprings, and are put in motion contaft with the fixed blade, fo that in its revolution it 
by means of two cranks upon an horizontal fpindle, fo that crops off all the wool, which by the progreffive motion of 
the blades make their ilrokes or cuts alternately. The edge the cloth over its bed is raifed up againft the fixed edge, 
of the lower blade is a ftraight line, but the edges of the The edges of the moving blades are placed at fuch a degree 
moveable blades are convex on the cutting fide, fo as to of obliquity to the axis of the cylinder, that at the lame 
caufe them to interfeft the edge of the lower blade always inftant the end of one ceafes to cut againft the edge of the 
at the fame angle when they are wide open, as when they are fixed blade, the following revolving blade will begin its 
nearly clofed. aftion at the other end of the cylinder ; therefore, by the 

The piece of cloth is condufted over proper rollers, and time that any one of the revolving edges has paffed over and 
wound up by one, which is turned round by the machine, fo made its cut againft the whole length of the fixed blade, and 
as to draw the piece of cloth from one end to the other is ready to quit it, the fucceeding revolving edge is brought 
with a (low and progreffive motion. The cloth, when it is into aftion, and when this has paffed, the next in fucceffion 
immediately beneath the edge of the long blade, is bent begins, fo as to keep up a continued aftion. 
fuddenly over a narrow ridge of metal, which is parallel The cloth is ftretched in width by a contrivance which he 
with the edge of the lower blade, but fo far diftant as to calls ftretching-bands, to prevent it getting into folds or 
permit the cloth to pafs between them. This ridge of wrinkles, which would be injured by the (hears, or make 
metal is capable of adjuftment by means of ferews, and can irregularities in the (hearing. Thefe ftretching-bands are 
be placed fo that the nap of the cloth will be (horn longer endlefs ftraps or bands, each of which is extended over 
or (horter, as it is required. two wheels. The bands have (harp pins projefting from 

In fome cafes, efpecially in fioiftiing broad-cloths, inftead them to prick into the lifts at the edges 01 the cloth, and 
of drawing the piece from end to end, it may be more con- the bands being fo fituated that one of them lies exaftly 
venient to caufe it, or part of it, to move under the (hearing- beneath each lift, they will be caufed to circulate round their 
blades from lift to lift, or from one fide to the other. This refpeftive wheels by the motion of the cloth. The ilretch- 
will require a machine confiderably larger, though the fame ing of the cloth is effefted by the pofition of the wheels on 
blades will fuffice ; or it is found equally convenient to which the bands circulate, the direftion of the bands being 
caufe the blades, at the time they are cutting, to move over (lightly oblique to the lengthways of the cloth« The 
the cloth in any direftion, but more efpecially from lift to endlefs ftraps are fo fitted into grooves or troughs, that they 
lift. are firmly retained to move ftraight forwards in their oblique 

Mr* Fryer alfo contemplated the finifliing of the cloth direftion; and the direftion of the obliquity is fuch, that the 
Vol. XXXVIII. 4 Q 
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bands are neareft together at that end where their pins take 
hold of the lilts of the cloth ; but as the bands move for- 
wards with the cloth, they recede from each other, and 
extend the cloth in breadth m confequence of their obliquity, 
which may be increafed or diminilhed as is found neceflary. 
The a&ual width between the two bands can alfo be re- 
gulated according to the width of the piece of cloth. 

It is not ufual to crop the lifts of the cloth, and indeed 
as the lifts are ufually of thicker fubftance than the other 
arts of the cloth, they would bear up the fixed blade too 
igh from the cloth to cut the nap quite clofe. 

For this reafon, the bed or fupport on which the cloth is 
cut is fo conftru&ed, that it can be adapted in length to the 
breadth of the piece of cloth between the lifts, in order that 
the cloth only may be fupported or borne up to the edge 
of the fixed blade ; whilft the lifts, being deprefled or borne 
down below the level of the bed, ( by thin flips of metal 
called guards,) will efcape the aftion of cropping, and 
thereby remain with the long wool upon their furfaces. 
The bed by which the cloth is borne whilft it is cut is only 
a narrow ridge of metal, over which it pafles, fo as to be 
bent with a fudden curvature, and in this way, the nap 
can be cut more clofe and even than upon a flat bed or foft 
cuihion. The operation of cutting is facilitated by a row 
of pieces of metal fere wed to a ftrong bar, to form a ftraight 
edge, very fimilar to the cutting edge of the fixed blade, but 
thm and elaftic ; this edge is placed clofe to the elevated 
ridge of the bed, and prefies the cloth gently down upon the 
bed immediately before it comes to the edge of the fixed 
blade, againft which the nap is to be cut off ; this elaftic 
edge being placed on one fide of the ridge, and the cutting 
edge of the lower blade on the other fide, the cloth is only 
expofed for a very narrow fpace juft where it comes to the 
cutting edge. By this means, the cloth can with fafety be 
brought nearer to a level with the upper furface of the 
fixed blade, fo as to (hear it clofer than could otherwife be 
done without endangering the cloth. 

The ends of the ridge part of the bed are compofed of a 
number of narrow plates of metal, accurately fitted toge- 
ther, and placed fide by fide in a mortife made in the end of 
the folid bed ; their upper ends project out of the mortife fo 
as to line with the elevated ridge, and form a continuation 
thereof ; but there is a Aiding piece in the bottom of the 
mortife on which they all bear, and the point of it is of a 
wedge form. By removing this wedge, any number of 
the moveable pieces may be let down, k> as to diminifli the 
length of the elevated part of the bed at pleafure, according 
to the breadth of the cloth. The whole of this machine is 
very well contrived to effeA the defired objeft ; it will be 
found fully deferibed with drawings in the Repertory of 
Arts, vol. xxix. p. 65. 

Prizing is an operation fometimes ufed in the finifhing of 
woollen cloth : it confifts in rolling up and entangling the 
fibres, which form the nap on the furface of the cloth into 
fmall knots or burs, which cover near the whole furface, fo 
that the cloth appears covered with fmall grains, which 
almoft touch each other. 

This operation is of no utility to the cloth, and it is diffi- 
cult to lay for what reafon it was ever praftifed at all. 
The French firft introduced it, and it was fo much the 
fafttion many years ago, that no other cloth was thought 
comparable in beauty. At prefent it is but little ufed, ex- 
cept for foreign markets, where our cloth meets the French 
cloth, which is ftill prepared in this manner, but generally 
on the back-fide of the cloth only. 

The frizing is done by a Ample machine, in which the 
cloth is drawn acrofs a narrow table by means of rollers, 
11 


to give it a very flow progreflive motion. The table is 
covered with a coarfe ftrong cloth, and over the table is 
placed a heavy plank of wood, of the fame fize as the table. 
The lower fide of this plank, which bears upon the cloth, 
is covered with an artificial ftone, compofed of coarfe fand, 
which is ftuck together into a folid mafs by glue or other 
cement, and a fmall but rapid reciprocating motion is given 
to the plank by means of two cranks of very fmall radius. 
Thefe cranks are formed at the tops of two vertical 
fpindles, the upper ends of which are fitted in fockets at the 
ends of the fixed table, and the ends which proje& up a few 
inches above the furface of the table are received into 
fockets formed in each end of the moveable plank. The 
proje&ing parts of the fpindles are not in ftraight lines 
with thole parts which are fitted in the fixed collars at the 
ends of the table, but are flightly cranked 5 hence, if the 
fpindles are turned round, they muft communicate motion 
to the plank, and Aide it over the cloth backwards and for- 
wards ; or rather they move it with a circular motion, caufing 
every point and grain of fand cemented to the plank to 
deferibe a fmall circle upon the cloth. It is this a£tion 
which gathers together the fibres of the nap, and entangles 
them into knots or grains, as before mentioned. 

To put the two fpindles in motion, each one has a trundle 
or lantern fixed on the middle part of it, and the lower end 
is received in a ftationary focket. Thefe lanterns are turned 
round by the teeth of two face-wheels, fixed upon an 
horizontal axis, which lies beneath the machine. By this 
means, both the fpindles and cranks are turned round at 
the fame time, and with a very rapid motion. The rollers 
which draw the cloth forwards are turned round flowly by 
a communication of wheel-work, and draw the piece of 
cloth through the machine, that is, acrofs the frizing-table, 
fo that every part is in turn fubje&ed to the a&ion of the 
fand cemented to the plank. The nap muft be left long 
for that cloth which is intended to be frized, and the 
operation is repeated twice or three times. See fome fur- 
ther particulars in our article Frizing, vol. xv. 

Brujhtng — After being Atom for the laft time, the cloth 
is brulhed all over, to remove the loofe cuttings. This 
operation is now commonly performed by a machine which 
has two horizontal drums, or cylinders, covered with hair- 
brufties on the circumference. The piece of doth is con- 
duced over a fyftem of rollers to extend it and draw it 
Aowly forwards : it is conducted over one of the brufliing- 
cylinders, and under the other; and as they are kept in 
rapid motion by the machine, they brufli over both fides 
of the cloth at the fame time, and lay all the fibres one way. 

Prefling . — This is the laft finifli to the cloth, and gives 
it a fmooth and even furface. The piece of cloth is folded 
backwards and forwards at every yard, fo as to form a pack 
on the board of a ferevv-prefs ; and between every fold 
flieets of glazed paper are placed, fo that no part of the 
furfaces of the cloth can come in contaC ; alfo at every 
twenty yards three hot iron plates are put in between the 
folds, the plates being laid fide by fide, fo that they occupy 
the whole furface of the folds ; and thin iron plates, which 
are not heated, are alfo put above and below the hot plates 
to moderate the heat. When the pack of cloth is pro- 
perly folded, and the prefs contains a proper quantity, the 
fcrew is forced down to give a very Severe preflure to the 
pack. The cloth remains in the prefs until the plates are 
quite cold ; it is then taken out and folded again, fo that 
the creafes of the former folds will come oppofite to the 
furfaces of the paper, in order to be preiTed with other hot 
plates. 

The heat tends to foften the fibres of the wool, and the 
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preffure againft the glazed paper, whilft they are fo foftened, 
lays all the fibres flat and fmooth, fo that the doth lias a 
very gloffy appearance, and feels fmooth, like fatin; but 
this high fiaifti to the cloth is very objectionable, becaufe 
the flighted fhowcr of rain will take it away, and when the 
drops of rain only wet it in parts, the cloth will become 
fpottcd and disfigured. For this reafon, in preffing fuper- 
fine cloth, the plates are very flight! y warmed, and the 
cloth lias but little glofs given to it. The glazed paper is 
a thick kind of cartridge, which is prepared by glazing or 
rubbing it very forcibly with a flint, as it lies upon a hard 
metal table. This operation is done by a water-mill. 

For coarfer cloths, fome manufaXurers glofs them with 
a large hot iron : it is a hollow box, into which a red-hot 
heater is introduced. The cloth is fpread out upon a large 
flat tabic, and extended by hooks. The iron box is fuf- 
pended by a tackle from the ceiling, fo that it can be hoifted 
over to the middle of the table, and then two men work it 
backwards and forwards over the whole furface of the 
cloth, by means ot two long poles or handles, which are 
jointed to it at one end. 

The cloth is now finilhed, and is packed up in bales of 
twenty or twenty-five pieces, in order to be tranfported. 
The bale is fir ft inclofed in paper, and then in canvas, and 
clofely comp relied by the ferew-prefa. Some manufaXurers 
ufe the hydro ft atic preffes for this purpofe. 

In conlidering the proceffes of the woollen manufacture, 
as they were pra&ifed forty or fifty years ago, and com- 
paring them with the prefent practices, we find great changes 
and improvements, but they are by no means carried to fo 
great an extent as in the cotton manufacture. This is owing 
in a great degree to the circumftance that the manufacture of 
woollen cloth was rendered very perfeCt, as far as the good- 
nefs and beauty of the cloth was concerned, long before the 
improved fyftem was begun ; and there were great numbers 
of experienced and able workmen trained up for each pro- 
cefs, who by habit and dexterity performed their work as 
well as it could be done by machinery. The reduction of 
labour, or the fubftitution of ordinary hands for experienced 
workmen, was in this cafe all that machinery of the molt 
perfeCt kind could effeCt ; both thefe were advantages to the 
public and the manufacturer, but were fo direCtly oppofite 
to the inclination and intcreft of the able workmen, that we 
find they have made greater and more effectual oppofition to 
the introduction of improvements in the woollen than in any 
other of our great manufactures. 

At various periods attempts have been made by the work- 
men to fupprefs machinery, and many mills have been de- 
flroyed. In July 1802, confiderable riots took place in 
Wiltfhire and Somerfet Afire, in confequence of an attempt 
to fet up the machines called gig-mills. It was contended 
that this was the fame machine which was prohibited by an 
ancient flat 11 te of Edward VI. The difputes ran fo high, 
that the attention of parliament was called to the fubjeX of 
the laws then exifting for the regulation of the woollen ma- 
nufacture, and a committee was appointed to inveftigate the 
policy of encouraging or regulating machinery. In confe- 
quence, all the prohibitions of machinery were fufpended. 
The report of this committee contains the following re- 
marks, fome of which are applicable to other manufactures 
as well as the woollen. 

The introduction of the gig-mill and other machines was 
oppofed from an idea that it would throw a confiderable 
number of hands out of work ; and it was contended, that it 
was highly injurious to the quality and texture of the cloth. 
With refpeX to the aCtual effeCts of the gig-mill and 
(hearing-frame on the cloth, the committee report that deci- 
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five evidence has been adduced before them by met chants and 
manufacturers of the greatefl credit and experience, to prove 
that thefe machines, efpecialjy the gig-mill, when carefully 
employed, finifh the cloth in the molt perfeCt manner, and 
that manufacturers refiding in parts of the country where 
the gig-mill is not ufed, frequently fend their cloths to a 
diftance to be dreffed by it. 

It alfo appeared in evidence, that alarms fimilar to the 
prefent had exifted among workmen at the introduction of 
feveral of the machines which are now in general ufe. Such 
alarms have gradually fubfided as prejudice died away ; and 
the machines are now fully effablifhed, without, as it appears, 
impairing the comforts or leffening the numbers of work- 
men. The committee remark with much fatisfa&ion, that 
in many inftances in which it was apprehended that the intro- 
duction of particular machines would throw fuch a number 
of people out of employment as to occafion great diftrefs, the 
refult has been very different ; for befides the occupations 
which the attendance on fuch machines has given rife to, a 
frefh demand for labour to an immenfe extent has arifen out of 
the increafed fale of the article, in confequence of the cheap- 
nefs and fuperior quality of the manufacture. 

They approve the lyftem of patents, by which the in- 
ventor of any new machine fecures to himfelf the exclufive 
benefits of his difeovery for fourteen years ; and only, at the 
end of that term, they are thrown open to the public ; this 
provides in molt cafes againft the too fudden and general 
eftablifhment of any invention, by which a number of 
workmen might at once be thrown out of employment. 

They next obferve, that if the principles on which the 
ufe of thefe particular machines is objeXed to were once ad- 
mitted, it would be impoffible to define the limits or to fore- 
fee the extent of their applications. If the parliament had 
aCtcd on fuch principles fifty years ago, the woollen manu- 
faXure could never have attained to near its prefent ex- 
tent. The rapid and prodigious incrcafe of late years in all 
the manufactures and commerce of this country is univerfally 
known, as well as the effeXs of that incrcafe on our revenue 
and national ftrength. In considering the immediate caufes 
of that augmentation, it appears to the committee, that it 
is principally to be aferibed, under the favour of Providence, 
to the general fpirit of enterprize and induftry among a free 
and enlightened people, left to the unrcilrained cxercife of 
their talents in the employment of a vaft capital, pulhing to 
the utmoft the principle of the divifion of labour, calling in 
all the refources of fcientific refearch and mechanical inge- 
nuity, and, finally, availing thcmfelves of all the benefits to 
be derived from viliting foreign countries, not only for 
forming new and confirming old commercial connexions, 
but for obtaining a perfonal knowledge of the wants, the 
tafte, the habits, the difeoveries and improvements, the pro- 
ductions and fabrics, of other civilized nations. Thus 
bringing home faXs and fuggeftions, perfeXing our exifting 
manufaXures, and adding new ones to our domeftic ftock ; 
opening, at the fame time, new markets for the produX of 
our manufaXuring and commercial induftry, and qualifying 
ourfelves for fupplying them. 

The committee declare it to be their opinion, that by 
thefe means alone, and above all by the effeX of machinery in 
improving the quality and cheapening the fabrication of our 
various articles of export, notwithftanding a continually accu- 
mulating weight of taxes, and with all the necefiaries and com- 
forts of life gradually increafing in price, (the effeXs of 
which on the wages of labour could not but be very eon- 
fiderable,) our commerce and manufaXures have alfo been 
increafing in fuch a degree as to furpafs the moft fanguine 
calculations of the ableft political writers who have fpecu- 



WOOLLEN MANUFACTURE 

lated on the improvements of a future age, The exports of 
woollen goods at the time of this report, ( 1807,) amounted 
to fix millions of pounds official, or nine millions of real 
value. 

It appeared alfo to be an important confideration, of which 
we fhould never lofe fight, that we are at this day furrounded 
by powerful and civilized nations, who are intent on culti- 
vating their manufaftures and pufhing their commerce ; and 
who are more eager to become our competitors in trade, 
# >om having witneffed the aftonifhing effeft of our commer- 
cial profperity. The attempts which have been made to 
carry our machines and implements over to foreign coun- 
tries, and to tempt our artifans to fettle in thofe countries, 
evince the importance of machinery, under the direftions 
of men of approved Ml, in conftrufting and ufing them. 
It is needlefs to remark how much thefe attempts would be 
favoured by our throwing any obftruftions in the way of 
enterprize and ingenuity, and the free application of capital 
in this country ; for any machines which fhould be prohibited 
here would infallibly find their way into foreign nations in 
a very fhort time. 

Among the attempts to improve the woollen manufafture, 
we mult not omit to notice the invention of Mr. Jofeph 
Booth, for fabricating woollen cloth without fpinning or 
weaving. This was effefted by felting wool into a web by 
the aid of machinery, which operated mechanically upon a 
tiffue of carded wool, to entangle and interlace the fabrics 
together. The inventor took a patent for this in 1793 or 
1794, but before the time for the enrolment of the fpecifi- 
cation of his procefy, he obtained an aft of parliament, the 
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preamble of which Hates, that on account of the great im- 
portance of the art, and the danger of it 3 being carried 
abroad to the injury of the flaple manufafture of the king- 
dom, parliament had determined to keep the fpecification 
fealed ; hence we are not able to give the details of this 
machinery. 

We find thefe expeftations have not been realized ; for, 
although the procefs has been repeatedly tried on a large 
fcale and in the moil complete manner, it has been aban- 
doned. Three large mills were eftablifhed at Taunton and 
near Salifbury , by experienced woollen manufafturers of the 
wefl of England 5 another mill was converted to the pur- 
pofe at Lewifbam, in Kent ; and the lad mill was erefted 
at Merton, in Surrey, the property of James Perry, efq. 
We learn from this gentleman, that he was able to mami- 
fafture cloth of a fine furface, and of a very even and regular 
fubftance, but it was rather deficient in ftrength, for want of 
the threads which form the fubftance of common cloth ; and 
in refpeft to wear it was lefs durable than common cloth, as it 
did not long withftand brufhmg ; otherwife the expence of 
the procefs, which was not one-fourth of the common pro- 
cefs, would have brought it into general wear. 

There has been a great number of other projefts and 
patents for the improvement of different branches of the 
woollen manufafture ; but as we have already noticed moil 
of thofe which have come into ufe, we (hall not enumerate 
any more of the unfuccefsful attempts. 

The machinery for manufafturing long combing-wool is 
deferibed in the article Worsted. 
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Worsted 


Worsted, and Worsted Manufacture. The term wor- 
ded is applied to yarn, and manufactured goods made of 
combed wool. Worded is properly a branch of the Woollen 
Manufacture , to which article we refer our readers ; but the 
latter term, ftriCUy fpeaking, is applied only to yarn, or 
pieces made entirely or in part of carded wool. The cha- 
raCteriftic diftin&ion between combing-wool and Ihort or 
clothing-wool has been already dated under the article 
Wool. (See Wool and Woollen Manufacture.) 
Worded goods were made in England as early as the time 
of Edward II. In the account of exports in the following 
reign, already given in the article Woollen Manufacture , 
the number of pieces of worded goods exported is nearly 
double that of woollen cloths. According to Camden, 
the name is derived from Worded, a town in Norfolk, 
where worded duffs were firft made. According to Dr. 
Pariy, in his u Eflay on the Merino Breed of Sheep,’ > 
worfteds were called by the Flemings * 0 fades,' and as the 
manufacture was in their hands long before it was introduced 
into England, it is probable that our appellation is a cor- 
ruption of their’s. Oftade was long ago a common furname 


in Flanders, and was perhaps that of fome perfon famous 
for this particular branch of the woollen trade, which 
afterwards was appropriated to an edablifhment of fimilar 
manufacturers in Norfolk. 

Worded yarn is made of long or combing-wool, in which 
the fibres are all laid even parallel with each other by the 
wool-comb. It may be chfled into two great divifions, 
the foft and the hard worded yarn. The foft yarn is 
made of the diorter kinds of combing-wool, the forting of 
which has been already deferibed under the article Wool. 
The fhort and long combing-wools are both prepared for 
fpinning by the comb in the fame manner, except that for 
fome kinds of fine hard yarn made from the latter, the wool 
is combed, and afterwards fpun nearly without oil. This 
is the cafe with the yarn for bombazines. The foft yarn 
for hofiery receives but little twid in the fpinning, and two, 
three, or more threads are afterwards twined together on 
what is called a doubling-mill, to make a thread of requifite 
ftrength and thicknefs to be woven on the docking-frame. 
See bTOCKiNG'/rawr. 
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Knitting-yam is twined much harder than yam for the 
frame. For mixed coloured (lockings, part of the wool is 
dyed and mixed with the white in the procefs of combing. 
The principal feats of the worded holiery manufacture in 
England were Nottingham and Leiceder ; but of late years 
the worded hofiery has declined at the former place, the trade 
there being principally confined to filk and cotton articles. 
Formerly hofiery comprifed a variety of worded articles, 
particularly cap9, which were generally worn in England 
before the introduction of hats. 

At Aberdeen, in Scotland, there is a confiderable manu- 
facture of hofiery, the wool being principally fuppliedfrom 
London. Worfted dockings, and lamb’s-wool hofiery, to 
the amount of from fifty to feventy thoufand pounds, are 
faid to have been annually exported from Aberdeen to 
Holland. Of the number of hands employed in worded 
holiery in England, or the annual value of the goods made, 
we have no correct account. Perhaps fome edimate may be 
formed from the amount of exports of woollen hofiery given 
under the head Woollen Manufa 8 ure> in the table of exports, 
in which it will be fecn, that in the year 1 8 1 6 the worded 
hofiery exported amounted to one hundred and fifty-one 
thoufand and (ixty pounds. This, we believe, includes 
the hofiery made of woollen yarn, or what is generally 
called lamb’s-wool yarn, an article which, fince the begin- 
ning of the prefent century, has been greatly increasing 
in .lemand. Soft worded yarn for hofiery, during the 
lad twenty years, has been principally fpun and doubled 
by machines in large worded-mills. Previoufly to that time, 
worded-making by hand-fpinning was a diftinft trade from 
hofiery. The worded-maker bought his different forts 
of combing-wool from the wool-dapler, combed and fpun 
it, and fold the yarn to the hofier. Since then, the hofiers 
have been principally fupplied with worded yarn from large 
mills eftablifhed m Lciccllerfhire, Nottinghamfliire, and War- 
wieklhire. Of late, however, many of the hofiers are manu- 
facturing their own yarn on machines or mules turned by the 
hand, or in fmall mills turned by horfes or water. 

The combing-wools of Kent are better fuited for hofiery 
worded yarn than any other in England, particularly for 
machine-fpinning. This excellence is derived partly from 
the foftnefs as well as foundnefs of the wool ; but particu- 
larly from the daple being nearly of one uniform thicknefs 
from the bottom to the top. See Wool. 

Picardy and Normandy were the principal feats of the 
worded hofiery in France. Under the article Woollen 
Manufafturc , it will be feen that 1,250,000 pounds weight 
of wool were confumed annually in the manufacture of 
hofiery in Picardy before the French revolution. 

The docking-frame was invented by William Lee, M.A. 
of Cambridge, in 1589, and was afterwards introduced into 
France. This invention took place in England only 
28 years after the knitting of hofiery yarn on needles had 
been introduced from Spain. See Stock iNG-i'Vjm*. 

Hard worded yarn for worded duffs or pieces is fpun 
much fmaller, and twided much harder, than the foft 
worded yarn for hofiery. In all the douter kinds of worded 
goods, the long or heavy combing-wool is ufed. (See 
Wool.) Under the article Woollen Manufadure wc 
have noticed the introduction of the worded trade into Eng- 
land, and various places where it was firft edabliflteo. 
Norwich and fome of the towns in Norfolk and Suffolk ap- 
pear to have been the fird where any confiderable quantity 
of worded pieces or duffs were made. The names which 
the different kinds of worded pieces have received are very 
numerous, being often derived from the manufacturer who 
introduced a (light change either in the mode of weaving or 
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finifiiing the goods. Thefe names foon became ob/olete, 
being fupplanted by other kinds of worded goods, fo that 
we ao not know at prefent to what particular kind of 
pieces fome of them were formerly applied $ the effential 
difference confiding in their being woven plain, twilled, or 
figured, or made with a warp of Tingle or doubled yarn, and 
woven douter or more (lightly, or of greater or lefs width, 
and whether they were glazed or not in the finilhing. 

The mod important didinftion between worded pieces 
and woollen cloth confids in the former not being milled 
or raifed, fo a9 to cover the furface with a pile, but the 
thread is left bare. To take off the loofe hairs which rife 
from the furface, the worded pieces are paffed over a red- 
hot cylinder, in the fame manner as many kinds of cot- 
ton (fee Cotton Manufacture ): this proccfs is called 
finging. For fome particular purpofes, a (light degree of 
milling lias recently been attempted to be given to worded 
pieces in the fulling-mill. The glazing communicated to 
fome kinds of worfted goods is given by prefling them be- 
tween (heets of Aiff glazed prefs-paper and heated iron 
plates, which arc compreffcd in a ftrong prefling-frame. 
For the weaving of figured pieces, fee ^Weaving, and 
Draught of Looms. 

Some kinds of very fine worded goods are made with a 
warp of mohair or (ilk, as filk camlets and bombazines. 
The latter goods, with a filk warp and wefted with hard 
worded yarn of the fined kind, are manufa&ured at Nor- 
wich. The term bombazine appears to be derived from 
bombycina, a kind of (ilk dref9 ufed by the Romans, and 
faid to come from Aflyria. It is generally under dood to 
have been made from the threads of an infedt called the 
bombyx. Bombycina is fometimes confounded by com- 
mentators with byflinum and fericum. Byflinum appears 
to have been a very fine kind of linen or lace ; fericum 
unquedionably means filken duff, fo called from the Seres, 
the nation whence it was procured. Probably bombycina 
was a coarfer kind of filk. In the middle pges, the word 
bombycina was applied to cotton. Macpherfon’s Annals 
of Commerce. See Byssus. 

Bombazines are woven with a twill, and have, as before 
dated, a warp of filk and a weft of fine worded yarn. 
The Dutch refugees, who fled from the perfecution of the 
duke of Alva, introduced the manufadure of this article 
into Norwich in the year 1675, w ^ cn the Dutch elders, 
according to Blomeficld, prefented bombazines in court at 
Norwich. ( Blomcfield’s Hid. of Norfolk, vol. ii. p. 2oy.) 
Worded goods were made in Norwich as early a9 the reign 
of Edward II. This appears from a patent granted to 
John Peacock, for the meafuring every piece of worded 
made in the city of Norwich or county or Norfolk. Nor- 
wich has continued from that time one of the principal feats 
of the worded and duff trade. The fale of duffs made in 
Norwich only, in the reign of Henry VIII., amounted to 
100,000 1 . annually, befides worded (lockings, which were 
computed at 60,000/. 

Norwich is at this day the only part of England where 
any confiderable number of the very fined duffs and bom- 
bazines are made. The manufacture of the coarfer kinds 
of wordeds, except camlets, has been transferred in a great 
meafure into Yorkfhire. The period preceding the Ame- 
rican revolution, from the year 1743 to 1763, may perhaps 
be regarded as the mod fiourifhing era of the worfted 
manufactures of Norwich. According to the account of 
Arthur Young in 1771, the manufactures of this place had 
increafed four-fold in the preceding 70 years. The number 
of looms was then eftimated at 12,000, and each loom was 
fuppofed to employ fix perfons in preparing and finilhing 
4U 2 
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the material ; and the total annual value of the goods was 
cflimated at above I, 200,000/. Of thefe goods the eftimate 
then was, 

£ 

The export to Rotterdam - - 480,000 

to London - - 550,000 

' to various places - - 200,000 

Total value - 1,230,000 

The number of perfons employed being from feventy to 
eighty thoufand. 

Since the thne to which Arthur Young refers, the manu- 
fa&urers of Norwich have engaged extensively in the trade 
of filk fhawls and other articles, in which no worded what- 
ever is ufed. Still, however, the worded manufactures of 
Norwich may be confidered as in a flourifhing date. The 
number of looms employed in worded at the prefent time 
(1818) may be edimated at 10,000 ; half of which weave 
camlets, calimancoes, and other duffs ; and the other half 
bombazinei, narrow and broad. The former are chiefly for 
home confumption, the latter for the Spanifh market. The 
Ead India company take a coufiderable quantity of the line 
camlets manufactured at Norwich. 

By far tie greated part of the worded yarn employed at 
Norwich >s fup died by machine-fpinning, from the worfted- 
mill8 in Yonefhire, Lancafhire, and Durham. But fomc 
yarn dill continues to be fpun in the old manner, by the 
running- wheel, in Suffolk, Effex, Hertfordlhire, and Cam- 
bridgelhire. In Norfolk alone, the ufe of the didaff dill 
remains. This indrument is the mod ancient of which we 
have any notice, either in facred hidory, or the fabulous 
traditions of Grecian mythology handed down to us by 
Homer and Hefiod. It is at prefent vulgarly called the 
rock. In ufmg it, the thread is drawn out from the end 
of the lliver of combed wool. The motion is communicated 
to a rough kind of fpindle, by twirling it between the 
right-hana and the thigh, which is fuffered to continue re- 
volving when fufpended by the thread, which the fpindrcfs 
gradually lengthens with her fingers. 

lu wheel-fpinning, a fmall portion of the combed wool or 
(liver is laid acrofa the finger, from the centre of which, 
called the twitch, the thread is drawn out. About thirty 
years fince, the counties of Norfolk, Suffolk, Hertford - 
Ihtre, and Effex, not only fupplied ail the yam that was 
wanting for the manufactures of thofe diflri&s, but font 
large quantities of worded yarn to Halifax and Mahclielter. 
At prefent the trade is completely turned, and, as wc have 
before dated, the greater part of the yam ufed at Norwich 
is fent there from the northern counties of England. This 
change has occasioned great didrefs in the villages where 
the yarn was formerly Tpun, by depriving the wives and 
children of the cottagers of their common employment. 

Until the middle of the lad century, worded goods were 
inanufa&ured in confiderable quantities in Warwickfhire, 
Oxfordfhire, and Northamptonfhire ; but about that time the 
extcnfion of the worded trade in the Wed Riding of York- 
fhire, particularly at Halifax, Bradford, and Wakefield, 
gradually drew this trade in a great meafure away 
from thofe counties. The manufa&urers in Yorkfhire, or 
>*..ilur the merchants who bought the worded pieces from 
the manufa&urers, were, however, long unacquainted with 
• he bed modes of dyeing and drefling them ; they were 
•ncrefore fent to London or Coventry to be finiflied, but 
..dU'rwards they were finiflied in Yorkfhire. The demand 
to Spain, Portugal, Italy, and the Levant, took off the 
greater part of the worded goods manufa&ured at Halifax $ 
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thofe manufa&ured round Wakefield and Bradford, con- 
fiding chiefly of tammies and flialloons, were confumcd 
principally by England and her colonies. The Piece-hall 
at Halifax was fird opened about the year 17805 and the 
intervening time, from thence to the year 1792, or the 
breaking out of the French war, may be regarded as the 
molt flourifliing era of the worfted trade in Yorkfhire. 
Though the chcapnefs of calicoes, as an article of female 
drefs, fince the improvements in the cotton manufacture, 
materially abridged the fale for fome kinds of worded 
goods in England, this was more than compensated by 
the increased demand for carpets with worded warps, 
and other articles of luxury, in which worded yarn was 
employed. 

The demand in foreign markets, from the year 1782 to 
1792, for Englifh worded goods, greatly exceeded that of 
any former period ; but after the breaking out of the 
French war, the worded trade at Halifax began to decline. 
The greater part of the foreign markets being clofed againd 
us, mod of the mercantile houfes engaged in the export 
of worded pieces were in confequence ruined or declined ; 
the trade altogether, and many of the fmall manufafturers., 
engaging in the cotton trade. The introdu&ion of Englifh 
calicoes into Turkey and other parts tended alfo to leffer 
the regular demand for flialloons and other worded goods, 
as articles of female drefs, in thofe countries. Soon after 
the breaking out of the French war in 1792, the fpiuning 
of worlled by machinery was eftablifhed at Bradford and 
the vicinity ; and continuing to increafe, drew round that 
place the manufa&urera of worded goods on the decline of 
the Halifax trade. Bradford is now become the principal 
feat of the worfted manufacture in Yorkfhire ; and fome of 
the proprietors of the worfted mills, befides fupplying the 
fmaller manufacturers with yarn, employ a very great num- 
ber of looms themfclves, and carry on this branch of trade 
on a fcale of extent never before known in the worfted 
manufafture. Within the lad two years, the worded trade 
has alfo greatly revived at Halifax. 

The following are the kinds of worded pieces at prefent 
principally made in Yorkfhire. 

Bnmba%cts are woven both plain and twilled, with the 
warp of fingle thread ; they were preffed, and finiflied without 
glazing: the width 22 inches, length 29 yards. 

Tammies, or durants y with fingle warps twilled, and gene- 
rally coarfer than twilled bombazets : width from 32 to 36 
inches, length 29 yards. 

Shalloons are woven with a twill, and have a warp of fingle 
thread. We believe the name was derived from Chalons in 
France. The pieces are from 32 to 36 inches wide, and 
29 yards long. 

Cubical are very fine flialloons fo called. 

Saycsy or anafeottesy are twilled and made with fingle warps 5 
they are of two kinds, one running 27 inches wide and 30 
yards in length, the other 42 inches in width and 44 yards in 
length. 

Moreens are woven plain and watered or emboffed, and are 
made very flout, being principally ufed for furniture : their 
width is 28 inches, length 24 yards. 

Calimancoes are woven plain and ftriped : width 1 7 inches, 
length 29 yards. 

Camlets are bpth plain and twilled : width 18 inches, 
length 29 yards. They are fhorter than bombazets, but 
not many are made in Yorkfhire with doubled warps. 

Lqflings have doubled warps, fometimes of two and fome- 
times of three threads, and are made with great variety of 
patterns, either plain, twilled, or flowered, and are diftin- 
guifhed by different names, acceding to their figures and 
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quality; as prunelle, amens, (probably from Amiens in 
France, where they were manufactured, ) and drawboys: 
the width 18 inches, length 30 yards. 

Worfted /hag, or velvet woven like corduroi and cut, is 
made principally at Banbury, in Oxfordfhire, and at Co- 
ventry ; but has been manufa&ured alfo in Yorkfliire. 

In the worfted manufactures of France, there were greater 
varieties of pieces than in England. One kind of camlet, 
made with a fine warp from the wool of the Angora goat and 
a weft of fine worfted, was remarkably beautiful ; but we 
believe it has not been manufactured in Yorkfliire or at 
Norwich. 

For fome account of the worfted manufactures of France, 
fee Woollen Manufacture ; under which article we have 
given the hi (lory of the worfted manufacture as connected 
with the woollen, and where may be feen the number and 
value of the worfted pieces exported from England in the 
year ending January 1817. See alfo long combing -wool, 
under the article Wool. 

Worsted Spinning . In the article Wool we have given 
an account of the different kinds of long wool which are 
proper for fpinniug into worfted, alfo the manner of forting 
and fcouring them. This wool muft be prepared for fpinning 
by repeated combings, with a comb or heckle that is pro- 
vided with a great number of long fteel pins which are 
(harp-pointed. Thefe points being few in number com- 
pared witli the teeth of cards, they can be fafely introduced 
between and drawn through the long fibres of the wool, in 
order to feparatc and ftraighten them, without materially 
breaking them. Another objeCt of the combing is, to 
feparate the (Iiort fibres which are intermixed with the long 
ones ; for in fpinning any kind of thread, it is defirable that 
the fibres (hould be all as nearly as poflible of a length. 

Wool-comlAng. — 111 theordinary procefsof wool-combing by 
hand, the implements ufed are, 1 . Two combs for each work- 
man. 2. A poft, to which either of the combs can be fixed, 
to fupport them during the operation. 3. A comb-pot, 
which is a fmall ftove to heat the teeth of the combs, 
which is found to facilitate the combing. The combs 
are (hewn at Jig* 1. Plate I. Woollen Manufacture: each 
comb is compofcd of two rows of pointed fteel teeth, 
a and b 9 difpofed in two parallel planes. One of the rows 
contains longer teeth than the other. They are fixed into 
a wooden ftock or head c , which is covered with horn, and 
has a handle d fixed into it, perpendicular to the planes of 
the rows of teeth. The rows of teeth are about feven 
inches long, and each row contains about twenty-four teeth. 
The length of the longeft teeth is near twelve inches, and 
the fhorter ones about eight inches. The teeth are made 
of fteel, of a round figure, and regularly tapering from the 
bafe, where they are fixed into the (lock, to the point, 
which is quite (harp. The teeth are about one-fixth of an 
inch in diameter at the bafe ; and the interval between 
the two adjacent teeth at the bafe is rather lefs than their 
diameter, or one-eighth of an inch. The fpace between 
the two planes in which the teeth are difpofed is about one- 
third of an inch at the bafes of the teeth. The teeth (hould 
be ftraight and well-tempered, and polifhed. If they become 
crooked in working, the workman muft ftraighten them, 
and fet them all in a true line. The combs ufed for the laft 
combing of the wool have three rows of teeth. 

In the wool-comber’s (hop a poft is fixed, as (hewn 
by Jig* 2, in order to fupport the combs occafionally 
during the working. An iron ftem g is fixed faft into 
the poft, and proje&s horizontally from it ; the ex- 
treme end of it turns upwards with a point, which is in- 
ferted into a hole through the middle of the handle of the 
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comb. Alfo at the other end of the item g f clofe to the 
poft, there is a fmall hook h rivetted, which terminates with 
a pointed pin, fituated in an horizontal direction. This 
point is inlerted into a hole made in the end of the handle 
of the comb, in the direction of its length. The end of the 
comb-handle being firft placed on the point of the hook b, 
it is let down upon the other point g 9 which, by paffing 
through the handle, fixes the comb quite faft to the poft, 
aa (hewn at jig . 2. r 

In the operation of combing wool, it is neceffary to heat 
the teeth of the combs, in order to foften and relax the 
fibres of the wool, and render them more eafy to work. 
The heat alfo tends to diftribute the oil with which the 
wool is lubricated. The combs are heated in a comb-pot 
or ftove, jig. 3, which is a fmall furnace built in brick, to 
inclofe a fire-place, of which A is the door, B the afti-pit, 
and C the flue. Above the fire a circular caft-iron plate a a 
is placed. This is made flat, except in the central part, 
where there is a concavity, to obtain a better a&ion of the 
fire. Immediately over the plate a, another plate, bh 9 is 
placed parallel to the former, but with a fufficient fpace 
between them to admit the teeth of the combs: feveral 
pieces of iron are placed between the two plates, to keep 
them at a proper diftance afunder, and to divide the fpace 
into fmall cells proper for the combs. 

In ufing this ftove, the workman muft be careful not to 
heat it too much, and a damper in the flue is very ufeful 
to regulate, the draught ; if the heat is too great, it fpoils the 
temper of the comb-teeth, and injures the wool alfo. The 
moft improved ftove is heated by fteam, which will give a 
fufficient warmth, but cannot overheat the combs. 

In order to comb the wool, it is feparated into handfuls, 
each containing near four ounces of wool, which is about a 
proper quantity to be combed at once. Thefe handfuls 
are fprinkied with oil, and the wool is rolled in the hands 
to diftribute it equally. The quantity of oil varies from 
Vfith to T* r th of the quantity of wool by weight. The comb 
is firft heated by introducing the teeth into the ftove, in one 
of the cells between the two iron plates ; when it has ac- 
quired fufficient heat it is withdrawn, and another comb is 
put in its place. The heated comb is then faftened to the 
poft, with its teeth pointing upwards, in order to be filled 
with wool ; the comber takes one-half of the handful of 
wool in his hand, and catches it upon the teeth of the comb 
by throwing the wool over the points, fo that they pene- 
trate it ; then by drawing the wool towards him, and at the 
fame time downwards to the bottom of the teeth, a portion 
of the wool will remain in the teeth. The lock of wool is 
again caft upon the teeth, and drawn through them, and 
every time fome wool remains ; this is repeated as often as 
is neceffary, until all the wool is gathered upon the 
teeth. The comb thus filled is placed with its points in 
the ftove, and the wool which is upon it remains outfide of 
the ftove, but will become (lightly warmed. The other 
comb, which was heating whilft the firft was filling, is now 
filled in turn, in the fame manner as the firft, and is then 
put to heat with the wool upon it, and whilft this is going 
on, the workman occupies himfelf in making a handful 
ready for the next combing. 

When both combs are properly warmed, the comber 
holds one of them with his left-hand over his knee, as he is 
feated on a low ftool, and with the other comb held in his 
right-hand he combs the wool upon the firft, by introducing 
the points of the teeth of one comb into the wool contained 
in the other, and drawing them through it ; this is repeated 
for 14 or 15 ftrokes, until the fibres of the wool are fepa- 
rated, difentangled, and laid parallel, In combing, he di- 
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refit the combs fometimes with the teeth of one parallel to 
the teeth of the other, and fometimes with the teeth of the 
two combs at right angles, or in a crofs direction ; but in 
all cafes he muff take care to begin gradually, by intro- 
ducing the points of the teeth, firft into the extremity of 
the wool which is contained in the teeth of the comb, and 
then penetrating deeper into the wool at every fucceeding 
ftroke, till at laft he works the combs as near as he poflibly 
can without a&ually bringing their teeth in contact : with- 
out this precaution, he could not draw the comb through 
the wool without breaking the fibres, and tearing the wool 
out of the teeth of the comb ; but if he proceeds cautioufly, 
the wool will be difentangled, feparated, and flraightened. 

During the working, ne frequently changes the combs, 
fo as to work the wool upon both combs; but as the 
wool will gradually accumulate upon that comb which is 
mod worked, he manages them fo that at the end of .about 
35 or 40 ftrokes nearly all the wool will be gathered upon 
one of the combs, and will hang from its teeth in a fair 
lock of ftraight and regular wool. This comb lie puts to 
heat for a moment, then fixes it to the poft, and proceeds to 
draw off the wool from the comb in a (liver. To do this, h'e 
takes hold of the wool which proje&s from the teeth with 
the fingers and thumbs of both hands, and draws it away 
from tne teeth of the comb in a direction perpendicular to 
their length, without Hiding it off their points : as the wool 
comes away, he takes frefh hold, always feizing the wool at a 
given diftance from the teeth. A portion of the wool which 
coniifts of fhort fibres will not come off, becaufe it does 
not reach to the place where the comber grafps the wool ; 
it therefore remains in the teeth of the comb, and is drawn 
off afterwards. This fhort wool, which is called noil, is 
unfit for worded fpinning ; it is compofed in part of the 
fhort fibres which are naturally intermixed in the long ones, 
and alfo of the fragments of long fibres which are broken 
in the procefs of combing. The quantity of the noil de- 
pends upon the kind of wool, and alfo on the care with which 
the comber has conduced his procefs ; but it will feldom 
exceed £th or ^th of the quantity of the raw wool by weight. 

The wool which is drawn off from the comb forms 
a continued fliver or band, the fibres of which are 
draight and parallel, but not fufficiently fo for (pinning ; it 
is therefore combed over again, and frequently it is repeated 
a third time. The fird combing is called hacking, and the 
{livers produced by it are extended five together upon a table ; 
then holding them down with one hand, they are broken 
again into handfuls by drawing them with the other. 
Thefe are combed again in the manner before deferibed, but 
the heat given to tne combs is much lefs. The ultimate 
fliver, which is drawn off from the comb the lad time, 
fliould be very even, and compofed of long and parallel 
fibres. On examining it againd the light, every part fhould 
appear equally denfe, without any entanglements of the 
fibres, for on thefe particulars the perfe&ion of the fpinning 
will in a great mealure depend. 

The combed wool produced from fix teen pounds of wool 
ufually weighs eleven or eleven and a half pounds, for about 
two pounds are lod in wafhing, and the red in noil and 
wade in the combing. When the combing is finifhed, the 
(livers are formed into fix parcels, each containing ten or 
eleven {livers, which are rolled up together into a ball, and 
ticketed with their weight and quality, the wool-comber’s 
nark, and wool-dapler’s mark. In this date, combed 
wool is called tops or Jerfey, and is fold to the fpinners in 
the country, and in cottages, who fpin it into worded- 
thread by the Ample hand fpinning-wheel ; but the 
manufacturers who {pin by machinery have wool-combers 
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at their mills, and they ufually employ combing-machine* 

in addition. 

Combing- Machines * — The fird combing-machine was in- 
vented by the Rev. Edmund Cartwright. His fird two 
patents were in 1790, and he had another in 1792 ; but the 
machine was not rendered perfect, or brought into extenfive 
ufe, till a later period : and in 1802 he obtained an a6t of 
parliament to renew or extend the term of his patent. 
The fpecification which he enrolled in confequence contains 
drawings and deferiptions of machines nearly of the fame 
kind as thofe which are now in ufe at many of the great 
worfted-mills, and which we {hall deferibe. Mr. Cart- 
wright propofed to form the raw wool into continued Hivers, 
by joining the pieces of wool together, and Hightly twiding 
them, and in this date they could be prelentcd to the 
combing-machine ; but as this plan was not found to fuc- 
ceed, it was found neceffary to comb the wool firft by hand, 
m order to reduce it to Hivers. This is ftill the common 
praftice, and takes away great part of the advantage of the 
machine ; but we have teen a preparing-machiue for this 
purpofe, which operated very well upon the raw wool. 
The inventor’s name we have not learned ; but the rudi- 
ments of it are to be found in Mr. Cartwright’s fpecification 
of 1790. 

Preparing- Machine . — The raw wool is fpicad upon a 
horizontal feeding-cloth, which is extended over two rollers, 
and circulates upon them : by its motion, the wool is carried 
forwards, and prefented to a pair of fluted rollers, which 
draw it in. This feeding-cloth is fituated at the top of 
the machine, at the height of about five feet from the floor, 
fo as to allow room for the reft of the machinery beneath it. 
A principal part of the machinery is carried by a hori- 
zontal wheel of five feet diameter, which is mounted upon 
a vertical axis, and is turned rapidly round by the mill. 
This wheel carries four porcupines, which are fmall cylin- 
drical rollers, armed with fpikes or teeth rather hooked. 
The rollers are fituated horizontally in the plane of the 
wheel, with their length nearly in the direction of radii. 
They are about feven inches in diameter, and fourteen 
inches long, and are fixed upon horizontal fpindlee, which 
proceed from the circumference of the great wheel nearly 
to its centre, one extremity of each fpindle being fuftained 
by the rim of the wheel, and the other in a fupport fixed 
to the perpendicular axis. The porcupines are fixed on the 
ends of the fpindles, near the circumference of the wheel ; 
and on the oppofite end of each fpindle is a fmall cog-wheel, 
to work in a worm or endlefs ferew, which is fixed concentric 
with the axis, being cut on the outfide of a hollow tube, 
through which the vertical axis paffes. 

By this means, the four porcupines which the wheel con- 
tains have a two-fold motion, viz. they are all carried round 
in a circle by the motion of the wheel, and at the fame time 
each one has a How rotative motion on its own axis, in con- 
fequence of the cog-wheels, which work in the threads of 
the fixed worm. 

The feeding-cloth is fo fituated, that the four porcupines 
in the great wheel will pafs in fucceflion exa&ly beneath the 
fluted rollers, which take the wool from the feeding-cloth ; 
and the teeth of the four porcupines being (harp-pointed, 
and rather bent forwards ar the points, they penetrate and 
catch the wool as it comes through thefe fluted rollers, and 
hangs down from them. A portion of wool is thus car- 
ried away by each porcupine every time it paffes beneath 
the fluted rollers ; but by the flow revolving motion of 
the porcupines on their own axes, each one prefents a dif- 
ferent row of teeth every time, and thus by degrees they 
become clothed with the wool which they take up. 
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This wool they deliver to a larger porcupine, which is 
placed beneath the revolving-wheel, or on the oppofite fide 
to the feeding-cloth. This porcupine is a cylinder nineteen 
inches diameter, and fourteen inches long : its axis is placed 
horizontally, and directed nearly to the centre of the vertical 
axis ; fo that the fmall porcupines will be parallel to the large 
one when they pafs over it. The great porcupine is furniflied 
with rows of teeth exactly fimilar to thofe of the fmall ones, 
which teetli are not very numerous, but large and (harp- 
pointed, and rather hooked, with the points forw ards. When 
the fmall porcupines pafs over the large one, there is fo little 
clear fpace between their teeth, that the wool which is con- 
tained in the teeth of the fmall ones will be taken off by 
the large one, and remain in its teeth. The reafon of this 
is, that the teeth of the large porcupine prefent themfelves 
to the teeth of the fmall ones with the points forwards, and 
the fmall porcupines at the fame time move with the 
points of their teeth backwards. It was before dated, that 
the porcupines move with the points forwards when they 
take the wool from the feeding-rollers, but this wool is ap- 
plied on the upper fide of the porcupines, and the great 
porcupine is at the lower fide ; hence the dire&ion of the teeth 
is reverfc in the two cafes, and occafions the wool to be given 
to the great porcupine, a fmall quantity at a time, from each of 
the fmall porcupines, as they pafs over it. The great por- 
cupine being turned llowly round upon its axis clothes itfelf 
with the wool in a continued fleece, and this is drawn off 
from its teeth by a pair of fluted rollers, between which it 
paffes in a continued (liver or band ; this band is alfo con- 
duced through a fhort tube, which revolves round its axis, 
and rolls up the fliver, to make it adhere better together in 
a round and compact form. 

The aCion of this machine is not to comb the wool, 
but to divide the mafs of raw wool, which is fpread on the 
feeding-cloth, into a great number of fmall and equal por- 
tions by the fuccefiive llrokes of the fmall porcupines ; thefe 
portions are again mixed together in one film of wool upon 
the great porcupine, from which th» wool is drawn off in 
a continued (liver, and as much twift is given to it as is 
requifite to make the (liver fufficiently compaC to fubmit it 
to the comhing-machine. 

Cartwright's Combing- Machine , or C ombing -Table ; called 
alfo amongfl the workmen Big Ben .— In Plate II .Jig. i. 
IVorJled Spinning , is a horizontal plan of the machine, which 
exhibits nearly all its parts ; we have alfo given a perfpcc- 
tive view in fig. 2. of the operative parts, as they would 
appear if detached from the framing which fuftaina them. 
A A is a circular ring of wood, which is fixed down on the 
framing ; B B is a fimilar rirg, which is fitted into the fixed 
ring, with liberty to turn round within it. The interior of 
this ring is furnifhed with a row of comb-tecth, with the 
points direCed to the centre, and there arc two other rows 
of ihorter teeth beneath, fo as to make three circular rows of 
teeth. This forms a large circular comb, called the conbing- 
table, about five feet diameter ; it is moved (lowly round in 
the diredlion of the arrow by means of a pinion, which 
works i: to a ring of cogs, fixed in fegments withinfide of 
the circular comb beneath the row of teeth, as is (hewn in 
the fe&io >.,fi%. 3. 

Tin wool is filled upon the teetli of the circular comb by 
means of two machines F and G, called crank -lafhers. Thefe 
fupply the wool by lafhing or throwing the lock of 
wool upon the teeth of th * comb, and then drawing up the 
wool from the comb, with a motion very fimilar to that 
of the hand of the workman i* filling the combs, as we have 
before deferibed. The crar.jrt-laflim repeat their (Irokes 
with great rapidity 5 but as the comb-table is kept in con- 


tinual motion, the wool which is lafhed upon the teeth by 
the firft crank-lafher F is carried away, and in its courfe 
comes beneath the other crank-lafher G, by which more 
wool is filled upon the teeth, and they receive the intended 
portion. This wool, by the rotation of the comb-table, is 
then carried beneath a fmall comb K, which works by a 
crank movement, but with its teeth always horizontal 5 they 
penetrate through the wool, and then rife up fo as to comb 
it. After this operation, the wool is taken off from the 
teeth of the comb-table between a double pair of fluted 
rollers N, fituated immediately over the comb-tecth ; thefe 
draw off the combed wool in a continued (liver, which is 
conducted through another pair of plain rollers R, and falls 
into a tin can placed there to receive it. 

This machine was not found capable of qombing the raw 
wool, chiefly becaufe the comb-teeth are not heated, and 
alfo becaufe the a&ions of lafhing on the wool, and after- 
wards combing it, begin to adl upon wool, at firff with their 
full force, and break the fibres if they are entangled 
together ; hence it is found belt to comb the wool by 
hand once over, or for fine goods twice. The wool is thus 
formed into (livers, which are joined together, by laying 
them on a table, with the ends lapped over each other 5 and 
rolling them together, they will join into one long fliver. Three 
of thefe (livers are put into tin cans ii, which are placed 
upon a circular table I, and carried upwards to the crank- 
lafher F or G, which are both of fimilar conftru&ion. The 
table 1 is mounted on an axis, fo as to be capable of turning 
flowly round horizontally, in order to twill the three (livers 
together into one ; but in the machines which we have feeti 
in hfe, this movement is commonly negledted, for if the (livers 
are prepared by hand-combing, as we have before deferibed, 
they will hang together without twilling. 

The (livers, which are carried up from the cans to the crank- 
lafher ( fee fig. 3. ), firft pafs over a roller at e ; the axle of this 
roller is alfo the fixed centre of motion of a trough H, which 
forms one part of the crank-lafher. The fliver of wool is con- 
ducted along the trough H, and then turns over a fecond 
roller at f ; the centre-pin of this roller is the joint, which 
unites the end of the trough H with a moveable frame dd, 
which has a tube^ fixed in front for the fliver of wool to pafs 
through. A little below the middle of this frame dd arc holes 
through its fides, to receive the pin of a crank bb , of which 
the central axis is fupported in bearings ferewed to the frame 
of the machine, and it is turned round by the power of the 
mill. By means of a pair of bevelled wheels D and E,j^. 1. 
the cranks of the two crank-lafhers arc conne&ed together, 
and have a common motion, but in a diredlion at right angles 
to each other. At the lower end of each of the moving 
frames dd, a pair of fluted rollers i are fixed, which draw 
the fliver between them. The rollers are put in motion by 
means of a cog-wheel l , fixed on the extremity of the axis 
of the lower roller $ this is turned by a fmall pinion, fixed 
at the end of an axis, which paffes through the frame dd, 
and which at the oppofite end has a wheel h , that receives 
motion from a pinion fixed faff to the pin of the crank. 
The upper of the two fluted rollers is preffed down again!! 
the lower one by fprings, which bear on its pivots with fuffi- 
cient force to hold the wool firmly between them, and draw 
the fliver forwards when they turn round. 

The motions of the crank-la(her are not eafy to be under- 
(lood from a verbal defeription. It muft be recolleded, 
that the upper end of the frame d d which carries the rollers, 
being jointed to the end of the trough H, it muft always 
move in the arch of a circle, as (hewn by the dotted lines, 
fig. 3 ; the centre of this arch is e : alfo that the middle 
part of the frame d, where the crank-pin paffes through 
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it, mud dcfcribe a circle when the crank revolves: in 
confequence, the rollers /, which are at the lower end of the 
frame, will move in a curve, as (hewn by the dotted lines. 
It is an oval or diftorted ellipfis, with the longed diameter 
horizontal. 

At the fame time the fluted rollers circulate in this orbit, 
they are in continual motion on their own axis, by the 
communication of wheel-work before deferibed, and they 
draw the (liver of wool down the tube g ; the end of the 
(liver, which projects from below the rollers, hangs clown 
from them in a lock, and by the motion of the crank-lafher 
this is thrown againff the points of the teeth in the comb- 
table. At the period when the wool is thus thrown on the 
teeth, the rollers are moving nearly in an horizontal direc- 
tion, fo as to draw the wool in the dire&ion of the length 
of the teeth, and they penetrate the wool ; but as the rollers 
proceed in their elliptic orbit, they begin to rife and draw 
the wool upwards away from the teeth in an inclined direc- 
tion, as is evident by tracing the dotted courfe marked out 
for the rollers. By thus drawing up the wool between the 
teeth, a portion of the wool will be left in them ; the rollers 
then rife up rapidly in their oval courfe, and the wool is 
l aifed quite above the teeth ; the rollers then move forwards 
to make another droke, and during fuch advance, the 
rollers, being in continual motion, draw forwards the (liver 
of wool, and the end hangs down ready to be laflied on the 
teeth of the comb next time. 

The motions of the fmali comb K mud be next deferibed. 
The whole machine receives its motion by means of a wheel 
or pulley c 9 Jig, I, upon the axis of the crank for the 
laflier G ; D and E are the bevelled wheels by which the 
other crank is turned ; at the extreme end of the axis C is 
a pinion, which turns a bevelled wheel L, and on the axis of 
this is a wheel turning two others M M of equal fize ; on 
the extremities of the axes of the wheels MM are two 
cranks / / of equal radii, which are both jointed to an iron 
bar m m, and both turning round together in the fame direc- 
tion, they caufe the bar to move in a direction parallel to itfelf, 
and every part of the bar deferibes a circle equal to the radius 
of the crank3. The fmali comb K is fixed to this bar, and 
partakes of its motion, whereby the points of its teeth are 
carried horizontally into the wool contained in the teeth of 
the great comb, then rife upwards and draw through the 
fibres, in order to comb them. 

In order to remove the little comb when it becomes 
filled with wool, it is attached to the bar m by means 
of a comb-holder or focket L, which has a groove at 
each end to receive the little comb, and it can be 
mounted or withdrawn at pleafurc. This focket L. is 
moveable upon a horizontal pin fixed at the end of the 
bar m, fo that it can be turned with either end upwards ; 
and as the little comb can be fixed at either end of the focket, 
a fpare comb is placed in the upper groove of the focket, 
whilft the lower groove holds the comb which is in ufe 5 but 
when this becomes filled with wool, which it has gathered 
fiom the comb-table, the focket L. is inverted by turning it 
half round upon its centre-pin, and by this means the frefli 
comb is brought down into ufe, and the other can be taken 
away to clear off the wool from it. There is a fmali bolt 
fixed to the pin on which the focket L turns, which can be 
(hot into a notch when the focket is in a perpendicular pofi- 
tion, and will then hold the focket fad from turning, and 
keep the comb in a proper pofition for its work. In this 
way, the little comb can be taken away and replaced by a 
freih one as often as is neceffary, without flopping the ma- 
chine, for the fmali comb does not move very quick. The 
fame boy who attends to change the combs, when neceffary, 
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alfo fets up the wool in the great comb-tecth with a fmali 
feraper, fo that the (mail comb will penetrate through it 
with more certainty and effect. The plane of the rows of 
teeth in the fmali comb is not horizontal, or parallel to the 
teeth of the combing-tabie, but inclined thereto, fo that 
thofe teeth of the fmali comb which firii come into adion 
upon the wool do not penetrate deeply into it ; but as the 
comb -table turns round, the wool advances beneath the 
fmali comb, and is operated upon thofe teeth which go 
deeper, and the lad teeth of the comb go as deep as the)* 
can, not to touch the teeth of the comb' table. 

The wool is now combed, and only remains to be drawn 
off in a continued (liver; this is done by the drawing-off 
rollers N, which are fluted iron rollers, placed horizontally 
over the comb- teeth, and nearly in the dire&ion of a radius 
of the comb-table : they are fupported in an iron frame, and 
are turned round by a pair of bevelled wheels from a vertical 
axis P. This axis extends the whole height of the machine, 
and is put in motion by means of a pair of bevelled wheels, 
and an oblique axis Q, which is turned by a bevelled wheel 
and pinion on the extreme end of the axis of thefirlt crank- 
laflicr. 

The great comb receives its motion from the perpen- 
dicular axis P, which turns a large wheel T by a pinion on 
the lower end of it : on the upper end of the axis of this 
wheel id the pinion which works in the ring of teeth 
withinfide of the comb-table : in this way, a very (low motion 
is given to the comb-table. There are two pair of drawing- 
off rollers N, fituated clofe together, and parallel to each 
other ; the firii pair are put in motion as we have deferibed, 
and the back pair are turned by means of equal cog-wheels, 
fo that they move with the fame velocity. 

The wool upon the comb-table is gathered in the hand, 
to form a (liver, and the end is introduced between the 
rollers, which continually draw off the wool as the comb- 
table turns round. After palling through both pairs of 
rollers, the (liver is conduced through a forked iron, then 
through a round wooden tube, and is at lail delivered by 
two plain wooden rollers R into a tin can placed beneatn 
to receive it. Thefe rollers are alfo turned by bevelled 
wheels on the perpendicular axis P. The drawing-off 
rollers only take away the long wool, the fibres of which 
are long enough to reach to the rollers. The two rollers 
compofmg the front pair of drawing-off rollers arc not 
placed immediately over each other, but the upper roller 
overhangs the lower one, fo that the plane ir- which the 
axes of the upper and lower rollers are both fituated is in- 
clined at about an angle of 45 degrees to the plane of the 
comb-table : by this means, the wool is drawn off from the 
comb, at an angle of 45 degrees, to pafs between the rollers. 

The noils, i. e. the (hort wool and broken fibres, which 
will not reach the drawing-off rollers, remain in the teeth of 
the comb -table, and alfo as much of the long wool as is on 
the lower fide of the comb, and thefe are called backings : 
both are taken off by a boy, who is feated for that purpofe 
within the circle of the comb-table ; he firft draws off the 
backings from beneath the comb, and then, with one hand 
above the teeth, and the other below, he draws off the noils. 

Thefe two forts of wool are handed to a boy on the 
outfide of the machine, who puts them into feparate boxes. 
The backings are filled on the fmali combs before they are 
put into the machine, and become fomewhat combed by the 
aftion of the fmali comb : when the fmali combs are re- 
moved from the machine, the wool upon them is further 
combed by hand, and then drawn off from them in a con- 
tinued (liver, by means of an additional piece of machinery, 
which is at the fide of the machine. 
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This combing-machine is found to break the fibre of the 
wool, and it increafes the quantity of noil very much, unlefs 
the wool is previoufly combed once or twice by hand ; 
and as it then becomes only a fubftitute for the fecond or 
third combing, it favcs little or no expence. The advantage 
of the machine is found, in the great regularity and equality 
of the (liver which is produced by it, a circumftance of 
articular importance for fine fpinning. In combing by 
and when the (liver is drawn off, thofe fibres which the 
comber firft takes hold of are longer than the others ; then 
as the (liver continues to be drawn, (horter fibres are found 
in it, and the (horteft are lad of all. Thefe are called the 
long and (hort ends of the (liver ; the (hort end is always 
marked by twitting or rolling it up, in order that when the 
(livers are joined together into one for fpinning, the long and 
(hort ends may be equally intermixed and difperfed through- 
out the whole length. In drawing off the wool from the 
combing-machine, the long and (hort fibres arc intermixed 
and taken up together, fo that the (liver is of very equal 
texture. 

There have been feveral other attempts to make combing- 
machineB which deferve notice, though they have not come 
into ufe. 

Meflrs. Wright and Hawkfiey had a patent in 1793 f° r 
a combing-macnine ; and Mr. Toplis of Cuckney had alfo a 
patent of the fame date, which contains fome good ideas. 
Mr. Hawkfiey, in 1797, had a patent for improvements on 
Cartwright’s : the principal one was, to make the combing- 
table by the combination of a number of fmall combs, whicn 
could readily be applied to the table, or detached at plea- 
fure. If this would allow the combs to be heated, as the 
inventor propofed, they would work much better. 

Mr. Amatt had a patent in 179c, and Mr. Pearce in 
1798: after this time, Mr. Cartwright’s machines had re- 
ceived fome improvements from Mr. Hawkfiey, and came 
into ufc ; and we find lefs fpeculation on the fubjed. 

Gilpin 9 s Combing- Machine, — In 1 8 1 1 , Mr. George Gilpin 
of Sheffield perfe&ed a very ingenious machine, which 
combed the raw wool in a moft complete manner. We do 
not hear that this machine is yet come into ufe, although 
we have no doubt of its anfwering the purpofe, having fre- 
quently examined it while at work : its only fault was a 
complication of parts, which might be eafily removed. 

The outline of this machine is taken from that of Mr. 
Toplis in 1793, but is very much improved and perfe&ed. 
Fig. 4. of Plate I. Worjled , is a (ketch of the principal 
parts. The machine works with eight combs at once, 
which are of rather larger iize than the ordinary hand- 
combs, the rows of teeth being twenty inches long. 
Thefe combs are fixed upon two reels or frames A, B, 
which revolve upon their axles by the power of the mill ; 
four combs, D and E, are fixed upon each reel, and in 
fuch pofition that both ends of the comb-teeth, viz. the 
points and roots, are equally diftant from the centre of the 
reel to which they are fixed ; and the reels, with the combs 
fixed upon them, form two revolving wheels or frames. 
The combs D and E are fo made, that they cat* be detached 
from the reels, or replaced and fixed fall in a moment, by 
the attendants ; and they can, therefore, be heated in a 
dove, in the fame manner as the hand-combs. The wool is 
alfo filled upon the combs by hand, and the combs and wool 
are heated in the ufual manner before they are put into the 
machine, in order to comb the wool. 

One of thefe reels A is Amply turned upon its axis, but 
the other reel B has a curious compound motion given to it 
by the machinery : thus it revolves on its own axis ; but the 
axis alfo advances to, and recedes from, the other reel with 
Vol. XXXVIII. 
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a motion parallel to itfelf, which is repeated four times in 
every revolution. Whilft B advances towards A, it moves 
with only one- third of the velocity with which it returns 
from A. The advancing movement is of a limited and 
conftant extent; but at the fame time, there is a third 
movement which regulates this extent, fo that at every fuc- 
ceeding ttroke which the machine makes, the two reei9 will 
approach nearer together. 

Suppofe all the combs filled with wool, and mounted in 
their places upon the reels, the machine is then put in mo- 
tion, and the two reels A and B turning round m oppofitc 
dirc&ions, their combs D and E meet each other ; and by 
the compound movement of B, (vie. advancing (lowly to- 
wards A, and turning round at the fame time,) the combs 
D and E approach in fuch a manner, that the points of 
each comb penetrate the wool which is in the other comb, 
and this is reciprocal of both combs. When the teeth are 
thu9 entered into the wool, the moveable reel B retreats 
quickly from the other, and the teeth, by drawing through 
the wool, comb and feparate its fibres. 

The circular motion of both reels is not regular and 
equable, but is communicated by means of elliptical cog- 
wheels, which occafion the reels to move round very (lowly, 
at the moment when the comb of the reel B is draw- 
ing out or combing the wool ; but this motion being 
(iniffied, the reels begin to turn round more rapidly, and at 
the fame time the reel B approaches towards A with a (low 
movement, in order to prefent another pair of combs to 
each other, which meet 5 and each one penetrates the wool 
which is upon the other, and then the reel B draws out to 
comb it, in the manner before deferibed. 

In this way they continue to make fucceffive ftrokes, until 
the wool is fufficiently combed : the machine is then flopped, 
and the combs taken off one by one, to be replaced by others, 
which are filled with frefh wool, and properly heated. 

There is like wife another movement of the reel A, which 
we have not yet mentioned : the axis of that reel has a (low 
motion backwards and forwards, endways in the direction 
of its length, for a (hort diftance. The intention of this is, 
that the lame parts of the combs (hall never come oppofite 
to each other at two fucceffive ilrokes. 

It (hould be obferved, that when the machine is firft fet 
to work, the combs at their point of meeting do not come 
within three or four inches of each other, and the points 
only penetrate amongft the longed fibres of the wool upon 
the combs ; but at every ttroke which is made, the combs 
advance nearer together, and take deeper into the wool, 
until, after a certain number of ftrokes are made, the combs 
approach as near as they can without touching. They 
continue to work in this manner for fome time, and when 
the intended number of ftrokes is made, a bell rings as an 
indication that the machine (hould be flopped, This is 
done by drawing a lever, and in confequence the machine 
will (top itfelf in the exaft pofition for changing one of the 
combs on each reel. Thele are removed, and others ready 
filled with wool and heated are pul on in their places, which 
being done on both reels at the fame time by two perfons, 
is only the work of a moment. The machine is then put in 
motion again, but by the machinery it will ftop itfelf again 
at the required pofition for changing the next pair of combi ; 
it is then put forwards, and fo on, until all the eight combs 
are changed. 

The combs which are removed from the machine are 
put into the (love to heat for a few moments, and then 
the wool 11 drawn off from them by a feparate machine. 
The head of the comb is here placed in a perp dicular 
groove, fo that its teeth (land horizontal j and a piece 
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of metal, which is fixed to the head of the comb, and pro- 
je£ts therefrom like a tooth, enters into the fpiral groove of 
a ferew, which Hands in a perpendicular portion, and is 
continually turned round by the machinery. By this means, 
the comb is regularly and (lowly let down in the groove, 
from top to bottom. A pair of fluted rollers is placed 
horizontally, and parallel to the teeth of the comb, in fuch 
a pofition that the comb, in defeending, will pafs with its 
teeth at a proper diftance from them, to draw off the wool 
in a (liver. After palling through thefe fluted rollers, the 
(liver is condufted through a perpendicular revolving tube, 
which gives a roundnefs to it, the fame as it would acquire 
by being rolled between the hands, and then it is con- 
duced between a pair of plain rollers, which deliver it into 
a tin can placed before the machine. 

A wooden roller is placed above the fluted rollers, with 
eight pieces of board projeCing from it in the dire&ion of 
radii. When the roller turns round, thefe boards a& to 
ftroke the wool upon the comb, and raife it into a proper 
(ituation to be drawn off by the fluted rollers. 

The combs are prepared for drawing off the wool, by 
heating them as before mentioned, and by Aiding the wool 
from the roots of the teeth half way towards their points. 
In this Hate, the combs are carried one by one to the draw- 
ing-off machine, and the head of one comb is put into the 
top of the perpendicular groove : it will be prevented from 
falling down in the groove by the proje&ing tooth, which 
enters the fpiral groove of the perpendicular ferew. The 
wool is gathered up and introduced between the fluted 
rollers ; tne machine is then put in motion, and by means 
of the ferew the comb is gradually lowered down, and the 
wool is drawn off from it in a (liver, which is rolled up into 
a compaC form by the revolving tube, through which it 
paffes, and is delivered into the can by the plain rollers. 

The attendant holds another comb ready to follow the 
firft, and when the firft has defeended to a certain point, he 
(lips the next comb into the perpendicular groove, fo that 
it refts upon the former, and the wool upon the two combs 
joins as it were in one. The ftroker, when they pafs 
before it, lays the fibres all one way, and the wool is 
drawn off by the rollers in a continued diver, which does 
not prefent the flighted appearance of joinings. Another 
comb is then put in, and the wool joins to the former, and 
fo on. The backings, or wool at the back of the comb, are 
drawn off by the boy ftationed behind the machine ; and the 
combs, as they come through below, are received by boys, 
who afterwards take away the noil or (hort wool which 
remains in the teeth, and then put the combs back into the 
Hove to heat them, ready to be filled again, in order to 
proceed with another combing. When the wool of all the 
eight combs is drawn off, the motion of the drawing-off 
machine is flopped at the moment when the eighth or laft 
comb has defeended half way through its courie. In this 
date, the machine waits till another combing is finifhed, and 
then the fucceeding comb being placed on the top of that 
one which continues in the machine, the continuity of the 
(liver will be preferred. 

The inventor of this machine dates in his fpecification, 
that for common work the wool only requires to be operated 
upon once by the combing-machine ; and in that cafe, the 
machine muft be adapted to make twenty-four ftrokes of 
each pair of combs before the bell rings. For medium 
work, fuch as would require to be combed twice over, in 
the ufual manner of hand-combing, it muft be combed twice 
over by the machine : thus, after having been combed once 
in the manner before deferibed, the (liver of wool is broken 
up into handfuls, and filled on the combs again by hand as 
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before, and combed over again in a fimilar manner; but 
the combs are lefs heated for the fecond time of combing. 
By changing a wheel, the machine (hould be adapted to 
make only fourteen or fixteen ftrokes before it flops, when 
it is intended to comb twice over. The wool intended for 
the fineft fpinning (hould be combed three times over, and 
the machine (hould be fet to make fourteen or fixteen 
ftrokes of each pair of combs. 

The machine has alfo two different movements for the 
drawing out of the moveable comb-reel : in one, the motion 
is over a fpace of ten inches, and is adapted to comb fuch 
wool as is fix or eight inches length of ftaple, and is called 
wether wool ; but by a flight alteration, the excurfion of 
the moveable reel can be increafed to thirteen inches, and 
is then adapted to comb hey wool, or wool which is from 
eight to eleven inches length of ftaple. 

Mr. Gilpin’s machine has the advantages of heating the 
combs and of filling them by hand, both of which are effen- 
tial to any machine which is propofed to comb the raw 
wool. The filling is an operation which requires diferetion, 
if it is expefted tnat the long fibres (hall be preferved with- 
out breaking. The perfon who fills the wool on the teeth 
takes a greater or lefs lock of wool in his hand, according to 
the condition of it, and the degree of entanglcmerit : alfo 
in drawing it between the comb-teeth, the force is propor- 
tioned to what the wool will bear. Mr. Gilpin’s fpe- 
cification ftates, that under certain circum (lances, when the 
wool will not wa(h well, but remains taggy, it is advifeable 
to fill it upon the combs, and (lip it off ; then fill it again, 
preparatory for the machine. As the obje£fc of this firft 
filling is chiefly to warm the wool, the end may be in part 
attained by laying the wool upon the top of the (love for a 
few minutes before it is filled. 

Planking . — Let us fuppofe that the wool is combed either 
by the hand, or by the machine, and we will proceed to 
explain the means of preparing it into a thread. The 
combing-machines reduce the wool into a continued diver, 
which is ready for the drawing- frame ; but the (hort (livers 
produced by the hand-combing muft be firft joined to- 
gether by what is called planking. Thefe (livers are rolled 
up by the combers, ten or twelve together, in balls called 
tops, each of which weighs half a pound : at the fpinning- 
mill thefe are unrolled, and the (livers are laid on a long 
plank or trough, with the ends lapping over, in order to 
Iplice the long end of one diver into the (hort end of an- 
other. The diftin&ion of the two ends of the (liver has 
been before explained ; the long end being that which was 
firft drawn off from the comb, and contains the longelt fibres 
of the wool ; the (hort end is that which came laft from the 
comb, and contains the (hort fibres. The wool-comber lays 
all the (livers of each ball the fame way, and marks the long 
end of each by twilling up the end of the (liver. It is a 
curious circumftance, that when a top or ball of (livers is 
unrolled and ftretched out ftraight, they will not feparate 
from each other without tearing and breaking, if the repa- 
ration is begun at the (hort ends, but if they are firft parted 
at the long ends they will readily feparate. 

Breaking- Frame .— Here the (livers are planked or fpliced 
together, the long end of one to the (hort end of another ; 
they are immediately drawn out and extended by the rollers 
of the breaking-frame. A lketch of this machine is given 
in Plate II. Jig . 5 ; it confifts of four pairs of rollers, 
A, B, C, D. The firft pair A receives the wool from the 
inclined trough E, which is the planking-table. The (livers 
are unrolled, parted, and hung loofely over a pin, in reach of 
the attendant, who takes a (liver and lays it flat in the trough, 
and the end is prefented to the rollers A, which being in 
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motion will draw the wool in ; the Hiver is then conduced 
through the other rollers, as (hewn in the figure : when the 
f.ivcr has pafled half through, the end of another (liver is 
placed upon the middle of the firft, and they pafs through 
together ; when this fecond is parted half through, the end 
of a third is applied upon the middle of it, and in this way 
the fhort (livers produced by the combing are joined into 
one regular and even (liver. 

The lower roller C receives its motion from the mill, by 
means of a pulley upon the end of its axis, and an endlefs 
(trap. The roller which is immediately over it is borne 
down by a heavy weight e, fufpended from hooks, which 
pafs over the pivots of the upper roller. The fourth pair 
of rollers D moves with the fame velocity as C, being turned 
by means of a fmall wheel upon the end of the axis of the 
roller C, which turns a wheel of the fame fize upon the 
axis of the roller D, by means of an intermediate wheel d. 
which makes both rollers turn the fame way round. The 
tirtl and fecond pain' of rollers, A and B, move only one-third 
as quick as C and D, in order to draw out the (liver between 
B and C to three times the length it was when put on 
the planking-table. The (low motion of the rollers A is 
given by a large wheel a , fixed upon the axis of the 
roller A, and turned by the intermediate cog-whecls 
and d ; the latter communicates between the rollers C 
and D. The pinions on the rollers C and D being only 
one- third the fize of the wheel a , C and I) turn three times 
as fall as A, for b , r, and d , are only intermediate wheel*. 
The rollers B turn at the fame rate as A. The upper roller 
c is loaded with a heavy weight, limilar to the rollers A ; but 
the other rollers, B and D, are no farther loaded than the 
weight of the rollers. 

The two pairs of rollers A B and C D arc mounted in 
feparate frames, and that frame which contains the third and 
fourth pairs, CD, Hides upon the call-iron frame F, which 
f ipports the machine, in order to increafe or diminilh the 
diitance between the rollers B and C. There is a ferew /, 
by which the frame of the rollers is moved, fo as to ad j nil 
the machine according to the length of the fibre of the 
wool. The fpace between B and C (hould be rather more 
than the length of the fibres of the wool. The intermediate 
wheels b and c are fupported upon pieces of iron, which are 
moveable on centres : the centre for the piece which fup- 
porta the wheel b is concentric with the axis of the roller A ; 
and the fupporting piece for the wheel c is fitted on the 
centre of the wheel d. By moving thefe pieces, the inter- 
mediate wheels b and c can be always kept in contact, al- 
though tht diftance between the rollers is varied at times. 
By means of this breaking-frame, the perpetual (liver which 
is made up by planking the Hivers together is equalized, 
and drawn out three times in length, and delivered into 
the can G. 

Drawing- Frame* — Three of thefe cans are removed to 
the drawing-frame, which is fimilar to the breaking-frame, 
except that there is no planking-table E. There are five 
fets of rollers, all fixed upon one common frame F, the 
breaking-frame which we have deferibed being the firft. 
As fail as the (liver comes through one fet of rollers, it is 
received into a can, and then three of thefe cans are put 
together, and partied again through another fet of rollers. 
In the whole, the wool muft pafs through the breaker 
and four drawing-frameB before the roving is begun. The 
draught being ufually four times at each operation of draw- 
ing, and three times in the breaking, the whole will be 
3x4x4x4x4s 768 ; but to fuit different forts 
ef wool, the three laft drawing-frames are capable of 
making a greater draught, even to five times, by changing 


the pinions ; accordingly the draught will be 3x4x5 
X 5 x 5=1 500 times. 

The fize of the (liver is dimini (hed by thefe repeated 
drawings, becaufe only three (livers are put together, and 
they are drawn out four times $ fo that in the whole, 
the Hiver is reduced to a fourth or a ninth of its original 
bulk. 

The breaking. frame and drawing-frame, which are ufed 
when the Hivers are prepared by the combing-maehincs, are 
differently conftrudled 5 they have no planking-table, but re- 
ceive three of the perpetual Hivers of the combing-machinc 
from as many tin cans, and draws them out from ten to 
twelve times. In this cafe, all the four rollers contribute to 
the operation of drawing : thus the fecotid rollers B move 

times as fait as the rollers A ; the third rollers C move 
8 times as fait as A ; and the foutth rollers E move 10 
times as fait as A. In this cafe, the motion is given to the 
different rollers by means of bevelled wheels, and a horizon- 
tal axis, which extends acrofs the ends of all the four rollers, 
to communicate motion from one pair of rollers to another. 

There are three of thefe fy Items of rollers, which are all 
mounted on the fame frame ; and the firft one, through 
which the wool partes, is called the breaking-frame, but it 
does not differ from the others, which are called drawing- 
frames. The Hivers which have parted through one fyftcin 
of rollers are collected four or five together, and put 
through the drawing-rollers. In all, the Hivers pafs through 
three drawings, and the w r hole extenfion i3 feldom lefs than 
1000 times, and for fome kinds of wool much greater. 

After the drawing of the Hivers is finilhed, a pound 
weight is taken, and is meafured by means of a cylinder, in 
order to afcertain if the drawing has been properly con- 
ducted; if the Hiver does not prove of the length propofed, 
according to the fize of war (ted which is intended to be 
fputi, the pinions of fome of the drawing -frames are changed, 
to make rV draught more or lefs, until it is found by 
experiment that one pound of the Hiver meafure9 the re- 
quired length. 

Roving-Frame . — This is provided with rollers the fame as 
the drawing-frames: it takes in one or two Hivers together, 
and draws them out four times. By this extenfion, the (liver 
becomes fo fmall, that it would break with the flighted 
force, and it is therefore neceflary to give fome twill ; this is 
done by a fpindle and flyer. ( See Jig . 6. ) A B are the two 
pairs of rollers, between which the (liver is paffed ; the fird 
rollers A turn round flowly, but the others B revolve four 
times as quick, to draw the Hiver to four times its original 
length ; and as fad as it iffues from the roller, it is twided 
by the motion of the fpindle C, and wound up upon the 
bobbin a . The fpindle C is put in motion by a whip-cord 
band, which paffes round the pulley c } and alfo round the 
wheel D. This wheel is fixed on a vertical axis e, which has a 
pinion on the upper end, to give motion to the lower roller 
B, by means of a bevelled wheel upon the end of its axis. 
The oppofite end of the axis has alio a bevelled pinion upon 
it, to give motion to a bevelled wheel fixed upon an horizon* 
tal axis, which carries another bevelled pinion, to give 
motion to a bevelled wheel fixed upon the end of the axis 
of the back rollers A. The fizes of thefe wheels and 
pinions are fo proportioned, that the back rollers A turn 
only once to every four turns of the front rollers B, as 
before mentioned. 

The back rollers are capable of being fet at a greater or 
lefs dirt an je from the front rollers, according to the length 
of the fibres of the wool, and in all cafes the diftance (hould 
be rather more than the length of the fibres, but not a great 
deal. 
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The fpindle is fupported on its point, and fuftained by a 
collar at the middle of its length. Upon the top of the 
fpindle, the flyer t is fere wed ; it has two branches, winch 
turn downward, and one of them has an eye at the lower 
end, through which the roving is conduced, in order to 
lay it upon the bobbin a . This bobbin is fitted lonfcly 
upon the upper part of the fpindle, and reds with its weight 
upon a piece of wood projedting from the bobbin-rail /* 
The rail is made to rife and fall continually with a (low 
motion, fo as to prefent every part of the bobbin in fuc- 
ceffion to the eye of the flyer, and thereby wind the 
roving upon every part of the length of the bobbin. 
The bobbin is not fixed upon the fpindle, but is fitted 
loofely thereupon ; and by reltitig upon the piece of wood 
which is fixed to the bobbin-rail, there is fo much fridtion 
and refiftance to the motion of the bobbin, that it gathers 
up the roving by winding it round itfclf as faft as the rollers 
give it out. The twill given to the roving is juft enough to 
make it hang together, and one turn in each inch is ufually 
enough. Some roving-frames are made with four pairs of 
rollers, and draw ten or twelve times ; and in this way, it is 
not ricccffary for the fliver to pafs fo frequently through the 
drawing-frame. 

Spinning- Frame *— This is fo much like the roving-frame, 
that a fhort description will be fufficicnt. The fpindlcs an? 
more delicate, and there are three pairs of rollers inftead of 
two ; the bobbins which arc taken off from the fpindles of 
the roving-frame, when they are quite full, are (luck upni 
wires at L (fig* 7.), and the roving which proceeds from 
them is conduced between the rollers. The back pair A 
turns round flowly ; the middle pair turns about twice for 
once of the back rollers ; and the front pair B makes from 
twelve to feventeen turns for one turn of the hack rollers B, 
according to the pinions which are employed, and thefe can 
be changed according to the degree of extenfion which is 
reauired. 

The fpindles mull revolve very quickly in the (pinning- 
frame, in order to give the requisite degree of twift to the 
worfted. The hardelt twitted worded is called tammy - 
waip, and when the fi/e of this worfted is fuch as to be 
twenty or twenty -four hanks to the pound weight, the twill 
is about ten turns in each inch of length. The lead twift 
is given to the worded for fine holiery, which is from 
eighteen to twenty-four hanks to the pound. The twid is 
from five to fix turns per inch. The degree of twift is regu- 
lated by the fize of the whirls or pulley s upon the fpindle, and 
by the wheel-work, which communicates the motion to the 
front rollers from the band* wheel, which turns the fpindlcs. 

It is necdlefs to enter more minutely into the delcription 
of the fpinmng machinery for worded, becaufe the con- 
(trudFon is very fimilar to the water-frame for fpinning 
cotton, invented by fir Richard Arkwright, and which is 
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fully defcribtd in our article Manufa&ure of Cotton# 
The differences between the two are chiefly in the di dance 
between the rollers, which in the worded-frame is capable 
of being increafed or diminiflted at pleafure, according to 
the length of the fibres of the wool, and the draught or ex* 
tenfion of the roving is far greater than in the cotton. 

Reeling .—' The bobbins of the fpinning* frame are placed in 
a row upon wires before a long horizontal reel, and the 
threads from 20 bobbins are wound off together. The 
reel is exaftly a yard in circumference, and when it has 
wound off 80 turns, it rings a bell ; the motion of the reel 
is then flopped, and a thread is paffed round the 80 turns or 
folds which each thread bar made : the mling is then con- 
tinued till another 80 yards is wound off, which is alfo 
ieparattd by interweaving the fame thread ; each of thefe 
feparao parcels is called a ley, and when (even Inch leyr 
arc reeled, it is called a hank, which contains 560 yaras. 
When this quantity is reeled off, the ends of the binding 
thread are tied together, to bind each hank faft, and one of 
the rails of the reel is (truck to loofen the hanks, and they 
a»*e drawn off at the end of the reel. Thefe hanks are next 
hung upon a hook, and twitted up hard by a flick, then 
doul led, and the two parts twilled together, to make a firm 
bundle. In this (late, the hanks are weighed by a (mal! 
index-machine, which denotes what number of the hanks 
will weigh a pound, and they are forted accordingly into 
different parcels. It is by this means that the number ol 
the worfted is ascertained as the denomination for its fine- 
iiefs : thus No. 24. means that 24 hanks, each containing 
560 yards, will weigh a pound, and loon. 

Tins denomination is different from that tiled for cottoi:, 
becaufe the hank of cotton contains 840 yards mftead of 
560 ; but in fome places, the worded hank is nude of the 
fame length as the cotton. 

To pack up the worfted for market, the proper number 
of hanks are collected to make a pound, according to the 
number which has been afeertained ; thefe are weighed as a 
proof of the corrcftnefs of the forting, then tied up in 
bundles of one pound each, and four of thele bundles are 
again tied together. Then 60 fuch bundles are packed up 
in a ffieet, making a bale of 240 pounds, ready for 
market. 

From this account of the precedes of worfted fpinning, 
it will be feen that they are very fimilar to thofe of cotton- 
fpmning, after the firll preparation of the wool by combing 
inftead of carding. 

Worsted- Cord } in Sheep- Farmings is a fort of cord 
which is fometimeu ufed for tying round the necks 
of (keep affefted with the fcab, after it has been well 
fmeared over with the common mercurial ointment of the 
(hops, in order to cure them of that difeafe. See 
Scab. 
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YUFTS, or Ruflia Leather , as it is called in Eng- 
land, are the chief produda of the tanneries in Ruflia ; 
and the principal places in which they are prepared, 
next to Mofcow and Petcrfturg, are, Arfamas, Kof- 
troma, Yaroflaf, Pfcove, Kazan, Vologda, NHhney- 
Novgorod, Vladimir, Ekatarinenburg, &c. Mr. Tooke 
has defcribed the procefs by which they are prepared ' The 
raw ox-hides are firft laid in running water, or in large tan- 
pits full of water dug in the earth for that purpofe, to foak 
for a whole week ; but in fummer not fo long. During 
this time they are daily taken out of the water, and feraped 
at a fcraping-bench, or wooden horfe. Having now been 
duly fteeped, they are put into a ley, thus prepared : In 
other vats, hkewife dug in the ground, and under cover, 
they mix two parts of good alhes with one part of unflacked 
lime, in boiling water, and fink the wet hides in this ley on 
a grating, which being fufpended by cords, can be raifed or 
let down at pleafure. In this vat the hides are laid again for 
about a week, though in warm weather lefs, in cold perhaps 
even longer. The flgn that they have lain long enough in the 
Icy is, that the hair can without difficulty be rubbed off with 
the hand, fo that none remains. If the hides, after the 
expiration of a week, are not in that condition, frefh afhes 
are put into the ley, and the ikin funk in it. But if at 
length the hair be fufficiently loofe, the hides are entirely 
taken out of the ley, and all the hair feraped off on a 
ft retching-block, by means of blunt iron ferapers with two 
handles. The hair is walhed clean, and fold for domeftic 
ufet. The hides, thoroughly cleanfed from hair, are fuf- 
pended in vats of clean water on a running ftream, where 
they remain three days, diligently turning them to and fro, in 
order to purge them from the affies and ley ; afterwards the) 
are hung up, and left to drain* The hides muft now be 
feraped on the flefii fide. To this end they employ either 
the aforefaid feraping-iron, or others (harper in various de- 
grees. After this treatment, the hides are trampled. But 
calves-hides have another fort of preparation, which the 
yuft-tanners, in the interior towns of the empire, who moftly 
pra&ife it, call rakfeha. This preparation is performed 
with the white excrement of dogs dried, which is diffolved 
in boiling water, and to a hundred hides about four vedros 
full of excrement is the rule. If here the right proportion 


with the water be not found, the hides corrupt in this dime, 
the objeft whereof feems to be the complete faring of the 
(kin from the falts that adhere to it from the ley. The hides 
are left to lie twice twenty-four hours. With this is 
ftirred a four gruel of oatmeal with warm water, and to 
three ofmics, or eighths of a chetverik, three or four 
vedros of dregs of the common quas, which the people 
make of meal and a fmall portion of malt, put in the 
thin gruel, that it may quickly four with the hides. To 
ten hides, the tanners ufually reckon forty pounds of 
meal. 

After the hides have foured, which is done in large 
vats, they are laid in other vats, and well fteeped for 
two or three days in a ftrong tan-juice, fok, thoroughly 
boiled from good bark. When this is done they are 
brought ftraignt to the tan. In the tan-pits, in which 
often fome hundreds of hides are lying, is poured half water 
and half tan, or water boiled with tan, and a grating is 
hung in with cords, having one hide after the other fpread 
upon it, thick ftrewed with good fine-pounded tan, and the 
grating conftantly let deeper into the pit, till it be nearly 
full ; yet fo that the tan-liquor is always above the hides, 
which are then again fprinkled over with tan. In this tan 
the hides continue to lie a week ; thofe of full-grown ani- 
mals longer. On being taken out, they are walked and 
trampled on, which two workmen in a fummer’s day can 
perform with three hundred hides. The next day they are 
laid, in the manner above-deferibed, in frefh tan. Thus they 
generally get four times fucceffively frefti tan, and are every 
time rinfed clean. In the laft tan they lie three weeks, or 
longer, are then finally wa(hed, hung up, and, when they 
have tolerably drained, delivered to thofe workmen whole 
bufinefs it is, in particular workffiops, to dye, drefs, and 
wax the yufts, and to deliver the goods finiftied. It is to be 
obferved, that the Ruffian yuft-tanners feldom ufe oak-tan, 
and never willingly. The choiceft and beft tan is that of the 
tfchemotal, as they call it, or the black willow ; and alfo 
the young bark peeled off from other Ihrubby willows, 
which are colle&ed by the boors, dried in bundles, and 
brought in cart-loads to market. To ten hides, the tanners 
compute one and a half fathom of thefe bundles of willow- 
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bark, as they arc laid one upon another for fale, through all 
the tans. It muft not, however, be imagined that the excel- 
lence of the Ruffian yufts depends on this ; for in Siberia, 
where are no oaks, and but few willows of any fize, they 
tan yufts with only birch-bark, which are not much worle 
than the Ruffian. The bark is made fmall by either ordinary 
tan-mills, turned by horfes or by water ; or the tanner him- 
felf, in many towns where there are no mills, caufes it, at 
unoeceffary ex pence and labour, to be pounded in wooden 
mortars, or excavated blocks, with peftles, almoft like thofe 
in the tan-mills, by day-labourers. 

The dyeing of the yufts is performed in two ways, and of 
two colours. The commoneft and moil natural cuftom of 
giving the colour to the hides is, by fewing them together 
in pairs, the hair fide inwards, while they are yet moift, 
round the edges, with rufhes or ftripes of bark, thus form- 
ing them into a bag or fack ; into this fack the colour is put, 
the fack well fhook, and the fuperfluoua dye let to run out, 
whereupon the ikins are dried. From this method of dyeing 
them, it feems to proceed that the yuft9 are called and 
taken by pairs. Ibe other procefs, whereby much trouble, 
time, and colour are faved, and the edges of the fkin entirely 
preferved, is the following : Each fkin is hung upon a horie 
over a long trough, fo that the hair fide, which muft be 
Rained, appears outwards, pouring the dye upon it out of 
the dye-kettle, till the whole fkin is dyed. The two colours 
given to the yufts are red and black. The red dye is thus 
prepared: Found brafil-wood (fandal) in the pounding- 
mill, or with hand-peftles, as fine as the tan, and boil it m 
kettles. Previous to the dyeing, fteep the ilcins in alum- 
water. It is calculated, that to each fmall yuft-fkin a half, 
and to a large one a whole pound of logwood is put. But 
the latter arc moftly coloured black. To a hundred yufts 
to be dyed red, four pounds of alum is fufficient. For 
dyeing black the brafil-wood is likewife ufed ; but in the 
red dye, to a hundred fkins three pounds of good iron 
vitriol is diffolved. After the firft tin&ure the fkins are 
dried, and afterwards on tables done over again with the 
fame dye and rolled up, that they may thoroughly im- 
bibe the dye. For heightening the colour this tin&ure 
is fometimes thrice repeated. When the fkins are now 
tolerably dried, by hanging, that the colour may not fade, 
with the flefh fide outwards, the yufts, ftill fomewhat moift, 
are fmeared over on tables that have ledges. There was a 
time when it was commanded by authority to ufe nothing but 
dolphin and feal-blubber for fmearing them ; but by that 
the yufts are harfher, and have not that yuft fmell, which 
foreigners prize fo much, unlefs the birch-tar, deggot, pre- 
pared in Ruffia, at lead be mixed with it. At prelent this 
Birch-tar atone is ufed for fmearing. This done, the fkins 
are cleanfed from any impurities tnat may remain, and are 
fent to the dreffing-houfe, where ikilful workmen ferape 
them firft with feraping-irons, having two handles, with the 
edge crofs-wifeon a ftretching-bench, that a foft thin leather 
remains with a clear gloffy furface, free from all impurities. 
Other workmen then take the clean-fcraped yufts on large 
clean tables, fprinkle them on the flefh fide with a genue 
fhower of frefh water from their mouths, and lay them 
flightly rolled up to moiften. This done, the fkins are taken 
feparately one after another, folded together, and worked 
and calendered in all directions, to make them foft and 
pliant. They are then curried with a kind of wooden curry- 
comb, with (harp irons fixed in leathers, like a card for 
carding wool, the fkin being folded with the hair fide out- 
wards, by which the whole furface of the yufts acquire the 
crofa-ftrokes or trellis-like marks they are always feen to 
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have. Some work the fkins with the hands firft dry, not 
fprinkiing them till they are mangled with the card. Laftly, 
thofe fkins which are too harffi and ftiff to the feeling, are 
more or lefs fprinkled with linfeed-oil, and thus are ready 
for the merchant. 

In this connection we (hall introduce from the fame author 
an account of the Ruffian method of preparing and dyeing 
their faffian, maroquin, or Morocco leather, which are dyed 
at Aftrachan of three colours, red, yellow, and black. The 
treatment of the red faffians, which are the moft famous, is 
ufually as follows : — The raw hides are firft laid in large vats, 
and have river water poured upon them, in which they are 
left to foak for three or four times twenty-four hours. They 
are then taken out, the water is drained and fqueezed from 
each fkin, and are feraped one by one on the ftretching-bank 
with feraping-irons, uraki, quite gently on the flefh fide, iu 
order to take away the groffer impurities, but principally 
for opening the fkin, and to qualify it for the entuing 
operation. 

They now proceed to make the hair fall clean off, chiefly 
by the application of lime. To a hundred hides is ftirred 
in about half a bufhel of unflaked lime in vats with river 
water, and the hides are laid in fo as that the lime may as 
much as poffible be equally diftributed over all of them. 
The Aftrachan Tartars let the hides lie in this lime-pit fre- 
quently three weeks ; but it is well known, that their faffians 
are fo harfh and liable to crack, and even fcorched by it, that 
they are fit for nothing, and can only impofe upon an inex- 
perienced purchafer. They then take out fkins, wafh them, 
and carefully ferape off the hair, now become loofe, with 
wooden ferapers. It often happens, that the hair is not 
perfeCUv loofened by the firft lime-ley, but that many 
tender ftubbles and fmall hairs are left remaining. In this 
cafe, the hides muft be put into frefh lime-ley, and be left 
perhaps two weeks in it ; the hair then comes off, and the 
hair fide of the fkin gets a green and very white appearance, 
but the fubftance is then aUo very foft, and the faffians, by 
this corrofion of the lime, are very little durable in compa- 
rifon of other kinds of leather. 

The method now for taking the lime again out of the 
hides, is the fecond treatment with dog-excrement, or 
white gentian, which is carefully colle&ed For this purpofe. 
This excrement, which is indifpenfably neceflary , is pounded, 
put into a narrow not very large vat, warm water poured 
upon it, themafs thoroughly ftirred, and the cleanfed hides 
are put with it into another vat, fo as that the difTolved album 

? recum is fpread and infmuated over and between every fkin. 

n thefe ingredients, the fkins muft lie only twenty -four 
hours, or if the quantity of album grecum prove not rich, 
fomewhat longer. The proportion here to be obferved cannot 
be accurately afeertained $ for the faffian-makers are guided 
generally by eye-meafure, and obferve only that the water 
be very thick and turbid, and consequently acrid enough. 
The hides come out of this corrofive much fofter and thinner 
than they were, and arc now freed from the force of the 
lime ; but no time muft be loft in endeavouring to extraft the 
corrofive likewife, that the hide may not be even more ruined 
by it than by the lime. They are generally very careful 
that the hides lie not too long in this corrofive, which they 
judge of by their eye from tne pliancy and fupplenefs of 
them. As foon as tne fkins are lifted out, the unclean moif- 
ture is carefully and forcibly preffed out, and they are laid 
without lofs of time in a vat, wherein wheat-bran is ftirred 
to a tolerably thick gruel with warm water ; in this they lie 
again about thrice twenty -four hours, whereby all the former 
defe&s are completely remedied, and the fubftance of the 
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flcin is fofter and mellow. All thefe particulars are in fome 
meafure of no other fervice than to bring off the hair 
thoroughly clean from the (kin. 

Now follows the proper preparation of the (kins taken 
out of the wheat-bran. This is done chiefly by honey. 
To eighty hides they take about twenty-five pounds of raw 
honey, boil it in a kettle, pour as much water to it as is ne- 
celTary for giving it a due confidence, and dir it for a pretty 
long time boiling on the fire. They then let the kettle 
cool, till they can but juft bear the hand in it, and then 
pour the dill hot honey* water on the hides lying fingly in 
little trays, by ladle-fulls, till they have thoroughly imbibed 
the honey-water. When all the (kins are duly drenched, 
they are thrown into a dry vat all together, laying at top a 
board with weights upon it, and covering the whole vat with 
felt, carpets, or furs, that the vapour during the ferment- 
ation may not efcape ; and in this manner, the (kins mud fer- 
ment once more thrice twenty-four hours. Dy this means 
they acquire the grain. From the honey-vat they are rinfed 
clean in luke-warm water, wrung a3 dry as polTible, and 
deeped immediately in a moderately ftrong pickle or brine 
made of common fait, in which they irnift be left five or fix 
days. This time being clapfed, the flcins are taken out of 
the pickle, and hung upon clean poles, that the brine may 
drain out, as it would be thought injurious to fqueeze it out 
with the hands. This done, ihe (kins have received their 
whole preparation, and may now be dyed red, but not 
yellow ; because for the yellow faffians, as was faid before, 
the preparation is of another kind. 

For giving the red faffians the colour, nothing is ufed but 
cochineal, or, as the Tartars call it, kirmifs, and that in 
the following method : Firft, they boil a quantity of the 
herb falfola erieoides, by the Tartars called tfehagan, plen- 
tifully growing on the arid Aftrachan falt-fteppes. To 
about four Ruffian vedros of water is put of this dried herb 
fomewhat lefs than a pound, and it is fet to boil for a whole 
hour, whereby the water acquires a dark greenifti colour, 
but betrays no acrimony to the tafte. The faffian-makcr 
only takes care that the water be not too deeply tin&ured, 
and that when dropped on the thumb-nail (hews only a 
fcarce perceptible green ; and in cafe it have adopted too 
many particles of the colour, it is drawn off, and frefh water 
ut, in which the herb mud boil again, till the deco&ion 
as received the due degree of faturation. The herb is then 
with a fcoop taken clean out oi the kettle, and then the pre- 
vioufly nicely powdered cochineal thrown into a kettle of 
four Ruffian vedros to about half a pound, well (lirred, and 
freffi fire added, in which great attention mud be paid, 
that the red feum, which arifes from boiling, does not boil 
over, therefore conftantly fome is taken and again poured 
in, in order by this refrigeration to prevent the over-boiling, 
and to allay the foam. After boiling for about an hour and 
a half, the water has obtained a ftrong tin&ure ; but as 
much of it is boiled away, the kettle is filled up again with 
the remaining deco&ion of the herb tfehagan, ana the thus 
attenuated colour boiled afreffi, till it is feen that the cochi- 
neal is perfeftly diffolved, and the colour become thoroughly 
bright. Upon this, to the whole kettle is put about two 
lote of pounded aud burnt alum into the dye, with which it 
is to boil about a quarter of an hour, and then the fire is taken 
from under the kettle, leaving only fome hot embers, that the 
dye may retain as much heat as the hand can but juft bear. 
This done, the lkins prepared for dyeing are taken in hand, 
the dye poured by ladles into trays, one (kin folded toge- 
ther after another, with the hair fide outwards, and then are 
worked in their portion of dye fo long, till they have uni* 
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formly abforbed all the dyeing particles, and only fome- 
what of a pale moifture remains. The leathers being thus 
for the firft time ftained are quickly fqueezed out, hung up 
fingly acrofs pales, and when they are all done, they 
are dire&ly taken for the fecond time, and imbued in the 
fame manner with dye, and this treatment is repeated for 
the third and the fourth time ; fo that each (kin gets four 
ladles of the dye. From the fourth dye the (kins are no 
more preffed out, but hung up entirely wet, to be venti- 
lated, upon poles. 

After the dye, the Heins are once more curried with the 
leaves of the tan-tree, which the Armenians call belg&. 
The crufhed or pounded dry leaves, which the Aftrachan 
fa(fian-makcr8 get from the Terek, are itirred in broad 
troughs to a thick gruel with river water, and the coloured 
fleins laid in it, between each of them, leaving a fufficiency of 
the leaf-ooze ; the tanner then goes barefoot into the troughs 
upon the (kins lying on one another. In this tan, or quas, as 
the workmen call it, the faffians lie eight days and nights, 
adding frefh tan every other day ; fo that four tans are 
neced’ary. 

Here it muft be obferved, that fome Armenians who pre- 
pare faffians, for enhancing the quality of the red colour of 
their faffians, to half a pound of cochineal add two lote, or 
rather more of forrel, (or lutor, or loter, as they call it,) in 
the dye-kettle, but it is ufually omitted in Aftrachan, on 
account of its high price ; for which reafon the Aftrachan 
faffians are excelled by the Turkifii in beauty of colour. 
Secondly, it is to be known, that infteadof the leaves of the 
tan-tree, bruifed nut-galls are held to be (till more fervice- 
able for giving the faffians the tan. By this means, the co- 
lour is fo durable as never to pafs away but with the leather ; 
whereas the faffians prepared with the tan-tree begin foon to 
be difcoloured. But the nut-galls are like wife too dear in 
Aftrachan to be cuftomarily ufed by the faffian-makers. 
The Kazan Tartars colour their faffians with red wood, and 
tan them with the fhrub uva urfi, but it makes the worft 
faffians of all, as they prefently fade. 

When the faffians are lifted out of the tan, Hill the laft 
work remains. They are firft left fome time in the air to 
dry, they are afterwards feraped on the ftretch-bank with 
(harp ferapers on the flefli fide, quite frnooth and clean, 
then waftied in running water, each Hein duly ftretched with 
pegs all round the edges, and thus left till they are 
dry. 

The Heins muft now be fmoothed on the hair fide with a 
wooden inftrument for that purpofe; and laftly, they are laid 
on a thick felt, where, with an iron heckle that has blunt 
points, thofe little pittings, which the faffians are generally 
feen to have, are imprened on the fame fide. And thus 
they are ready for fale, without being fmeared with linfeed- 
oil, as is mentioned in Gmelin’s travels, which would infal- 
libly fpoil them. 

The yellow faffians are little made in Aftrachan, as the 
demand for them is much lefs, and there are but few faffian- 
makers who know much of the matter. The dye which 
they make ufe of for this purpofe is of the berries of a fort 
of rhamnus (perhaps lycioides), which are bro\ight from 
Perfia under the name of ulofeharr, and ufually bought for 
fix to nine rubles the pood. The Kazan Tartars colour 
their ordinary yellow faffians with the flowers of the yellow 
camomile, which they gather under the name fare tfehet- 
fchiak, #. e . yellow-flower. 

In preparing the yellow faffians, they obferve in Aftrac- 
han the following difference of treatment : i. They make 
no ufe whatever of honey in the preparation. 2 . They 
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never at all put the hides into the fait brine. 4. Inftead of 
the honey-preparation and the pickling, they lay the hides 
before the dyeing, in the foregoing manner, in the tan of the 
leaves of the kitzliar tan-tree, leaving them in it eight days. 
4 . For preparing the dye, they have no need of the herb 
tfchagan, but the berries alone are boiled in clear water, of 
which to four Ruffian vedros of water about ten pounds are 
requifite, and heighten the colour afterwards with three 
lotes of alum to every pound of berries. The dyeing is 
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performed in the fame manner as has been related with the 
red, and after the dyeing there is no need to lay the faffians 
in the tan, as having before received it. Nothing more is 
neceffary than to fcrape them clean, to work them thoroughly, 
to polifh and to ornament them. The yellow faffians dually 
are fold at one ruble twenty kopeeks ; but the red at fome- 
what more, on account of the deamefs of the dye, gene- 
rally one ruble eighty kopeeks. 



Zinc 


ZINC, in Chemiflry , the name of a metal, in Latin 
xiricum . The ancients do not appear to have been ac- 
quainted with this metal. Caclmia was the name by which 
they feem to have known one of its ores, which was fo called 
from Cadmus, who, it is faid, taught the Greeks how to 
form brafs by its means. It is fird mentioned by Albertus 
Magnus, but it is doubtful if he had ever feen it. The 
word zinc firft occurs in the writings of Paracelfus. This 
metal lias been alfo called fpcllcr. 

Zinc has never been found in Europe in a Hate of purity, 
and chemids were late in difeovering a method of extrading 
it from its ore**. Henkel feeing to have been one of the firft 
who effe&ed this about the year 1720, and he was foon fol- 
lowed by others. Zinc is of a brilliant while colour, with a 
{hade of blue, and feems to be compofed of a number of 
thin plates adliering together. It imparts a perceptible 
fmell and colour to the fkin when rubbed by it for fomc 
time ; hence it is rather foft. Its fpecific gravity is faid 
to vary from 6.86 to 7.1, the lighted being efteemed the 
purelt. When hammered, its fpecilic gravity becomes as 
high as 7.19. 

This metal is by no means fo malleable as copper, lead, 
or tin ; it is not however brittle. It yields, and becomes 
fomewhat flatter, when flruck with a hammer. When 
heated a little above 2 1 2 0 , it has the remarkable property 
of becoming very malleable, and in this ftatc may be re- 
duced into very thin plates, either by hammering or rolling. 
When heated to about 400°, it becomes fo brittle that it 
may be reduced to powder in a mortar. 

Zinc may be drawn into wire. According to Mufchcn- 
broeck its tenacity is fuch, that a wire of T 'jth of an inch 
in diameter is capable of fupporting a weight of about 
26 lbs. 

Zinc melts at a temperature of about 68o°, according to 
Dr, Black. If the heat be increafed it evaporates, and 
may be eafiiy diddled over in clofe veflels : upon this pro- 
perty of zinc, Von Swab’i method of ex trading it from its 
ore was founded. When allowed to cool flowly, this 
metal cryftallizes beautifully in fmall bundles of quadran- 
gular prifms difpofed in all dire&ions, which, if expofed to 
the air while hot, aflumes a blue thangeable colour. 


When expofed to the air, zinc foon tarniflies, but it 
fcarcely undergoes any other change. When kept under 
water, its iurface becomes black, the water is decom- 
pofed, hydrogen is emitted, and the oxygen combines with 
the metal. If heat be applied, thefe changes go on more 
rapidly ; and if the deam of water be made to pafs over 
zinc at a high temperature, it is very rapidly decom- 
posed. 

When this metal is kept melted in open veflels, it foon 
becomes covered with a grey pellicle of oxyd. If the heat 
be very drong it lakes fire, and burns with a brilliant white 
flame, and at the fame time emits a great quantity of very 
light white flakes. This is merely the oxyd of zinc. It 
was well known to the ancients, and received from them 
many whimfical names, fuch as pompholyx , &c. Among the 
alchymids it was known by the names of nihil album, lana 
phiUfophica , Jlo'zvcrs of zinc , & c. 

Zinc appears to combine with only one proportion of 
oxygen, which has been dated by different chemifts to vary 
from 24.16 to 25 of oxygen to 100 of the metal. Ac- 
cording to the fird of thefe determinations, the weight of 
the atom of zinc will be 41.39 ; according to the fecond 40, 
Dr. Thomfon has decided upon 41.25 as the mod probable 
weight of the atom. 

Zinc combines readily with chlorine, and forms a chloride 
of zinc. . It may be prepared by diffolving zinc in muriatic 
acid, or by expofing the metal to the gas, when the two 
combine by a lpecies of combudion. The chloride may be 
alfo obtained by diddling zinc-filings with the oxy-muriate 
of mercury, or corrojive fublimate ; and thus obtained, it was 
formerly denominated the butter of zinc. When thus pre- 
pared, it fublimes on the application of heat, and cryflal- 
lizes in needles 5 but according to Dr. Davy, when the com- 
mon muriate is heated in a glafs tube, it does not fublime 
even at a red heat, but remains in a date of fufion, Ex- 
pofed to the air, it foon deliquefees. According to Dr. 
J. Davy’s analyfis, it is compofed of 

Chlorine - - - 100 

Zinc .... 100 

But if we fuppofe it to be compofed of an atom of, zinc 
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a nd an atom of chlorine, and the atom of zinc to weigh as 
above, its touftituenls ihould be 

Chlorine - - - ICO 

Zinc - 91.6 

Zinc readily combines with iodine by heat. The com- 
pound, or iodide , is white. It is volatile, and cryftallizcs in 
fine quadrangular prifms. It deliquefccs in the air, and is 
very foluble m water. The folution is colourlefs, and does 
not cryftallize. Gay Luflac has (hewn, that this com- 
pound confifts of one atom iodine, and one atom zinc, or by 
weight of 

Iodine - - - 100 

Zinc - 26.52 

No compound of zinc with fluorine is at prefent 

known. Zinc does not combine with azote nor hydrogen ; 
nor are we acquainted with any compound of this metal 
with boron and filicon. 

Zinc may be combined with phofphorus by dropping 
fmall bits of phofphorus into it while in a date of fufion. 
Phofpluiret of zinc is of a white colour, and poflefles a me- 
tallic luftre, which more refembles lead than zinc. It is 
fomewhat malleable. It emits the odour of phofphorus 
when filed or hammered, and if expofed to a ftrong heat it 
burns like zinc. Phofphorus alfo appears to combine with 
the oxyd of zinc, and to form a peculiar compound. 

Sulphur cannot be combined artificially with zinc ; but 
if melted with the oxyd of zinc a peculiar compound is 
formed. A fimilar compound is formed when fulphuretted 
hydrogen in combination with an alkali is dropped into a 
folution of zinc. It is at firft white, but becomes darker 
on drying. Dr. Thomfon confidcrs this compound as a 
fulphuret of zinc. Mr. E. Davy afeertained, that when 
the vapour of fulphur is palled over zinc in fufion a 
yellow ilh compound is obtained, fimilar in appearance to 
blende. 

One of the mod common ores of zinc is blende , deferibed 
below, and which is a fulphuret of zinc, compofed, accord- 
ing to Dr. Thomfon’s experiments, of 

Zinc - - - 100 

Sulphur - - - 48.84 

Hence he confidcrs it as a compound of one atom zinc, 
and one atom fulphur. 

The alloys of zinc and the metals of the fixed alkalies 
are fpeedily decompofed by expofure to the air or immer- 
iion in water. We are not acquainted with the alloys of 
zinc and the metallic bafes of the alkaline earths. 

Zinc may be combined with arfenic by diddling a mix- 
ture of it and arfenious acid. With iron, zinc combines 
with difficulty ; the alloy when formed, according to Lewis, 
is hard, fomewhat malleable, and of a white colour, like 
fiver. Malouin has fhewn, that zinc may be ufed inftead 
of tin for covering iron plates ; a circum (lance which de« 
monftrates an affinity between the two metals. 

Zinc does not appear capable of combining with nickel 
or cobalt by fufion. The alloys of zinc with manganefe, 
cerium, and uranium, are unknown. 

For the other alloys of zinc, fee the different metals ; 
particularly for the mod important of them or brafs, fee 
Brass and Copper. 

Salts of Zinc. — Almoll all the acids aft with energy on 
zinc, in confequence of its powerful affinity for oxygen. 
The falts of zinc, therefore, are very eafily formed, and 
on account of their being but one oxyd of zinc are not 
much liable to variation. 
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Nitrate of Zinc . — The nitric acid attacks zinc with fuel) 
energy, that it is commonly neceflary to moderate its aftion 
by diluting it with water. Even then much heat is 
evolved, and a ftrong effervefcence is produced by the 
elcape of nitrous oxyd gas. The folution is tranfparent 
and colourlefs, very cauftic, and yields by evaporation fiat, 
ftriated, tetrahedral prifms, terminated by four-fided pyramids. 
Thefe cryftals attraft moifture on expofure to the air, and 
are foluble in water and alcohol. When heated they melt, 
and if thrown on burning coals, detonate with a red 
flame. 

Carbonate of Zinc . — Calamine , one of the ores of zinc, is 
a native carbonate of zinc, as deferibed below. This fait 
ufually exills in the form of a white powder, and may be 
obtained by precipitating zinc from its folution in acids by 
an alkaline carbonate. 

Phofphate of Zinc . — The phofphoric acid unites in two 
propoi lions with the oxyd of zinc. The neutral phofphate 
is a taftclefs white powder infoluble in water. The bi- 
phofphate is foluble in water, if not expofed to too great 
a heat. It does not cryftallize, and is llrongly acid. 

Sulphate of Zinc. — Concentrated fulphuric acid fcarcely 
afts upon zinc without the affiftanee of heat ; but when 
diluted it afts upon the metal very llrongly, and hydrogen 
gas is given out in abundance. In this cafe, the water is 
decompofed, its oxygen combines with the metal, while its 
hydrogen efcapes. The folution, when concentrated, yields 
cryftals in abundance. 

This fait, formerly known under the name of white 
vitriol, was difeovered in Germany, about the middle of 
the 1 6th century. When quite pure, it is perfectly whit*. 
The form of its cryftals is that of Hat quadrangular prifms 
terminated by four-fided pyramids. At a temperature oi 
6o*, it diflolves in about 1.4 times its weight of water. In 
boiling water, it diflolves in any quantity whatever. The 
conftituents of this fait are, 


1 Atom of fulphuric acid - 
1 Atom of zinc 

5 Atoms of water 

3 1 *74 
3 M 4 
35 - 1 * 


100.00 


When heated, the cryftals part with their water, and d 
the heat be ftrong, the whole of the acid lik *\vifc feparau-*, 
and leaves, the oxyd of zinc in a ilate of purity. .‘Vt- 
Vrr kiol, White. 

Muriate of Zinc . — See Chloride of Zinc , fupra* 

Sulphite of Zinc . — This fait exills in the form of cry flab, 
foluble in water, but infoluble in alcohol. On expofure to 
the air, they are foon converted into the fulphate of zinc. 
Fourcroy and Vauquelin deferibe a hypofulphite of zinc, 
which a flumes the form of four* Tided prifms, terminated 
by four-fided pyramids. They are foluble in water and 
alcohol. 

Borate of Zinc is a white infoluble powder. It may 1 c 
formed by pouring borate of foda into the nitrate or mui.- 
ate of zinc. 

Arfeniate of Zinc is a white infoluble powder, and may be 
formed by mixing folutions of the alkaline arfeniates with 
the fulphate of zinc. 

Acetate of Zinc . — This fait exifts in the form of rhom- 
boidal or hexagonal plates of a talky appearance, and is not 
very foluble in water. Solutions of this fait form an excel- 
lent external application to inflammations. 

Oxalate of Zinc , — This fait is a white powder, little foluble 



ZINC 


507 


in water, and may* be formed readily by double decom- 
pofltion. 

Tartrate and Citrate of Zinc . — Both thefe falts exift 
ufually in the form of powders, and arc but little foluble 
in water. They may be procured, like the oxalate, by double 
decompofition. 

The other falts of zinc are of very little importance or 
intereft, and do not therefore merit to be enumerated here. 
The falts of zinc may be diftinguifhed in general by their 
forming colourlefs folutions in water, by their yielding 
white precipitates with pruffiate of potafh, fnlphurcttcd hy- 
drogen, and the alkalies, and by the chara&eriftic circum- 
ftance that zinc is not precipitated in the metallic Rate by 
any other metal. 

Ufes of Zinc and its Compounds. — Neither this metal nor 
its compounds, if we except brafs , are much employed in the 
arts nor in medicine. A chief ufe of zinc is in the formation 
of galvanic apparatus, and in electrical experiments. ( See 
Galvanism and Electricity. ) As it is not a poifonous 
metal, it has been recommended iuilead of tin and lead for 
domeftic purpofes ; but the eafe with which it is oxydized 
makes it very unfit for all forts of culinary apparatus. 

The ftrong affinity of zinc for oxygen renders it of 
great ufe as a chemical agent for precipitating other metals 
from a Rate of folution in the metallic Rate. The oxyd of 
zinc is ufed in medicine, both internally as a tonic, and ex- 
ternally mixed with hog’s-lard as an ointment. The native 
carbonate is alfo ufed in the fame manner as an external ap- 
plication. See Unguentum Calamine , and Unguent um 
Zinci. 

The fulphate and the acetate are the only falts of zinc ufed 
in medicine ; for the properties of which, fee above. 

Zinc.') Ores of in Mineralogy. The ores of zinc are ge- 
nerally afTociated with lead-ores, and exifl abundantly in va- 
rious parts of England ; particularly in veins in the moun- 
tain lime-ltone of Derbyfhire, Durham, Cumberland, York- 
fhire, Somerfetfhire, and North Wales. The ores of zinc 
are cither oxyds, carbonates, or fulphurets of zinc, and are 
principally known as calamine or blende. There is an ore 
of zinc hitherto found only in North America, called by 
Dr. Bruce red zinc-ore ; it occurs in feveral of the iron- 
mines in Suflex county, New Jerfey. 

Red Zinc Ore is of a blood-red or aurora-red colour : it 
occurs maffive and difleminateo . The frefh fra&ure is ftiining, 
but becomes dull after long expofure to the air, and is co- 
vered with a pearly cruft ; the principal fra&ure prefents 
a foliated ftru&ure $ the crofs fracture is conchoidal. It is 
opaque or tranflucent on the edges ; it yields a brownifh-ycl- 
low or orange ftreak ; it is brittle. The fpecific gravity is 
6.12. It is infufible without addition by the blow-pipe, but 
melts into a tranfparent yellow bead with borax. When 
pounded and mixed with potafh, and expofed to heat, it melts 
into an emerald-green mafs, which, on folution in water, 
yields the fame colour ; but on the addition of the mineral 
acids is immediately changed to rofe-red. This ore is fo- 
luble in the mineral acids. Its conftituent parts are, 

Zinc .... 76 

Oxygen - - - - 16 

Oxyds of manganefe and iron 8 

IOO 

Bruce’s American Mineralogical Journal, p. 69. 

According to Dr. Bruce, this ore poffeffes advantages 
in the manutifture of brafs over thofe generally ufed ; for 
without any previous preparation, it affords with copper 


brafs of the very fineft quality, poflefllng a high degree of 
malleability, and fuited for the moft delicate workmanfhip. 
Red zinc-ore is charafterized and diftinguifhed from red 
filver-ore and red lead-ore by its infufibility ; the latter melt- 
ing into a blackifti flag before the blow-pipe. Red orpiment, 
with which it might be confounded, is diftinguifhed from 
red zinc-ore by its volatility, and the garlic fmell which it 
yields. This ore of zinc has greater lpecitic gravity than 
red copper-ore, and its folution in acids is colourlefs ; but 
thofe of red copper are green. Calamine is divided by fome 
mineralogifts into four kinds, fparry crlamine, compact 
calamine, earthy calamine, and electric calamine. 

Sparry Calamine: Zinc Carbonate t Haiiy. — Its colours 
are greyifh and yellowifh-white, and form times green and 
reddifh-brown. It occurs mafTive, botryoidal, cellular, 
ftaladritic, and cryftallized, in acute ai.d obtufe rhomboids, 
and in longifh quadrilateral tables : the cryftals are fmall. 
The luftre of fparry calamine is between refinous and vitre- 
ous. The ftru&ure is imperfectly lamellar, and fometimes 
radiated. It is tranflucent, or more or lels tranfparent ; it 
yields cafily to the knife. The fpecific gravity' is 4.3. It is 
infufible before the blow-pipe, and lofes about 34 per cent. 
by ignition. With muriatic acid it c-ftervefees, and is dif- 
folved. According to Smithfon, the conftituent parts of 
this ore from Derby fliire are, 

Oxyd of zinc - - 65.2 

Carbonic acid - - 34.8 

100. 

From Somerfetfhire, 

Oxyd of zinc - - 64.8 

Carbonic acid - - 35.2 

IOO. 

Compact Calamine : Zinc Carbonate , Haiiy. — Its colours 
are, greyifh, greenifh, or ycllowifh, and often brown, from 
an intermixture with iron. It occurs maffive, botryoidal, 
difTeminated, ftala&itical, reniform, and mamiliated : it ha9 
a dull, feebly gliftening, refinous luftre. The fra6ture is 
uneven and coarfe-grained, or fphntery, and fometimes even 
a flatty conchoidal. It fometimes occurs in concentric la- 
mellar concretions : it is opaque. Its chemical chara&ers 
and conftituent parts are the fame as of the fparry calamine, 
thefe minerals being only varieties differing in form from 
each other. 

Earthy Calamine : Zinc Carbonate , Haiiy. — It is of a 
greyifh or yellowifh-white colour, fometimes fnow-wdiite ; 
externally it is frequently covered with a tint of yellowifh- 
brown. It occurs maffive, and coating other minerals ; it is 
opaque, and has an earthy fra&ure ; it yields to the nail, 
and adheres to the tongue. The fpecific gravity is 3.3 58% 
According to Smithfon, the conftituent parts are. 


Oxyd of zinc 

- 

- 

71.4 

Carbonic acid 

- 

- 

> 3-5 

Water 

- 

- 

15.1 


IOO. 


EleStric Calamine: Zinc Otcyde, Haiiy Its prevailing 

colours are, greyifh, blueifh, or yellowifh-white ; externally 
it is fometimes brownifli or blackifh. It occurs cryftallized, 
mamiliated, botryoidal, ftala&itical, and maffive. Thecryf- 
tals are ux-fided prifms, with dehedral fummits, or acute 
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oftahedrons 5 fometimes truncated on the fummits. The by the heat applied in making brafs ; but then there would 
cryftals are fmatl, and either folitary, or radiating in groups, be feven or eight hundred weight put into the brafa pota 
like zeolite. The luftre is /hining, gliftening, and vitreous : which would be of no ufe in the operation 2 it ia therefore 
the ftrufture is imperfeftly lamellar, or divergingly fibrous, better to get rid of fo large a quantity of unferviceable 
It is fometimes opaque, and fometimes tranflucent or tranf- matter, and thereby avoid alfo an increafed expence of car- 
parent: it yields to the knife, but is much harder than riage from the calamine-furnace to the placeB where the brafa 
common calamine. The fpecific gravity is 3.4. When gently is made. Watfon’s Chemical Effays, vol. iv. 
heated it is ftrongly eleftric ; it is infufible, and lofes about Blende comprifea various fulphurets of zinc, differing in 
1 * f jr cent * by ignition. It is foluble in muriatic acid with the proportion of their conftituent parts, and the admixture 
effervelcence : the folution gelatinizes on cooling. Accord- of other mineral fubftances. 

ing to Klaproth, its conftituent parts are, Fellow Blende , or Phofphorefcent Blende: Zinc Sulphure 

Oxyd of zinc - - - 66 Jaunt , Brongniart. — The prevailing colours of this ore are 

Sife* - - - - 33 yellow, palfing into green, and fometimes hyacinth-red, 

aurora-red, or brownifh -red. It occurs maffive* diffeminated 
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According to Smithfon, 

Oxyd of zinc - - 68.3 

Silex - - - - 25. 

Water - 4.4 

97-7 

Calamine fometimes occurs in what are called fuppofiti- 
tious cryftals, as if it had been moulded over cryftals of other 
minerals, and the internal cryftal had difappeared. In Der- 
byfhire, the working miners are of opinion, that the calamine 
deftroys the lead-ores when they occur together ; or, as they 
expreis it, the calamine eats up the lead. That fome procels 
of decompofition or change takes place where thefe ores are 
aflociated there can be no doubt ; but by what means this is 
effefted we are at prefent ignorant. See Veins, Metallic . 

Calamine, commonly called lapis calaminaris, when cleaned 
and roailed, is ufed for the fabrication of brafs, forming a 
compound with copper. (See Brass.) Its ufes in the 
making of brafs is of very high antiquity, being mentioned 
by Anftotlc. 

Calamine is alfo the mod valuable ore from which metallic 
zinc is extrafted. 

The ufes of calamine were not known in England before 
the reign of queen Elizabeth, and even fo late as the year 
1700 it was commonly carried out of the kingdom as bal- 
lad by the (hips which traded to Holland. The calamine 
raifed in Derbyfhire about the year 1780-amounted to 1500 
tons. Sixty years before that time the quantity got did not 
exceed 40 tons, the greater part being thrown away through 
ignorance of its nature and value. 

The drefling of calamine confifts principally in picking 
out all the pieces of lead-ore, lime-done, iron-ftone, 
heavy fpar, and other minerals mixed with it in the mine. 
The picked calamine is then calcined in proper furnaces, and 
lofes by calcination between a third and fourth part of its 
weight, which is the carbonic acid. In great works, where 
calamine is prepared for the brafs-makers, after its calcina- 
tion, it is carefully picked again, the accidental ingredients 
being rendered more difcernible by the aft ion of fire. It is 
afterwards ground to a fine powder, and waihed in a gentle 
rill of water, to free it from earthy particles with which it may 
be intermixed ; for thefe being lighter are carried off by the 
water : it is then made up for fale. 

A ton of the crude Derbyftiire calamine, as dug from the 
mine, is reduced, by the various proceffes it undergoes be- 
fore it becomes fit for ufe, to about twelve hundred weight. 
Part of the zinc is loft; in calcination, particularly if too 
ffrong a fire be made : this is evident by the flame vifible 
over the furnace. It would be prafticable to ufe calamine 
without calcining it, for the carbonic acid would be expelled 


and cryftallized. The cryftals are generally fmall, middle- 
fized, and fo clofely aggregated, that it is difficult to determine 
the precife figure, which appears either the rhomboidal, the 
dodecahedron, the oftahedron, or the tetrahedron. Yellow 
blende is tranflucent, paffing into tranfparent, and has a Wen- 
dent adamantine luftre. It yields to the knife, and affords 
a yellowifh grey or yellowifh -white ftreak: it is brittle. 
The fpecific gravity rather exceeds 4 : according to Karf- 
ton, it is 4.1. 

It decrepitates before the blow-pipe, and becomes grey ; 
but is infufible either alone or with borax. By friftion it be- 
comes phofphorefcent, and, according to Bergman, afts as 
powerful in this refpeft in water as in air. 

Foliated Brown Blende: Zinc Sulphure Brun y Brongniart. 
— It is of a reddifh or yellowifh-brown, paffing into blackifti- 
brown and dark red. It occurs maffive, diffeminated, and 
cryftallized. The form of the cryftals is a rhomboidal do- 
decahedron, either perfeft or truncated on the alternate 
lateral angles and edges, or an oftahedron, either perfeft or 
truncated. It occurs alfo in tetrahedrons, perfeft or trun- 
cated, and in reft angular four-fided prifms, fix-fided prifms, 
and acicular cryftals. Sometimes the cryftals are joined, 
forming a twin cryftal. The luftre is fhining or fplendent,and 
either refinous, adamantine, or femi-metallic ; it has a ftraight 
lamellar ftrufture, with a cleavage in fix direftions. It is 
more or lefs tranflucent \ it yields to the knife, and affords 
a yellowifh -grey or yellowifh-brown ftreak ; it is brittle, and 
eafily frangible. The fpecific gravity of this ore varies from 
3.7 to 4. It is infufible, and yields an hepatic odour when 
digefted in fulphuric acids. The conftituent parts of blende 
are given as under ; but fome varieties of foreign blende con- 
tain filex, arfenic, and manganefe, which may be regarded 
as accidental. 

Blende from Satilberg, according to Bergman : 


Zinc 

- 

- 

44 

Iron 

- 

- 

5 

Sulphur - 

- 

- 

17 

Silex 

- 

- 

24 

Alumine 

- 

- 

5 

Water - 



5 

100 


From Allonhead, in Northumberland, according to Dr. 
Thomfon : 


Zinc - 

• 

> 

00 

00 

Iron - 

- • 8*4 

Sulphur 

3 3 S 

Silex - 

7. 


97-7 
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Filrous Blende . — The colour is reddiflubrown : it occurs 
reniform and mafiive. The ftru&ure is divcrgingly fibrous in 
one dire&ion, and concentric lamellar in the other : its lultre 
is relinou8 5 it is opaque or faintly tranflucent at the edges ; 
it agrees in other charadters with foliated blende. The con- 
ftituent parts are given as under in the Journal des Mines, 


t. xlix. No. 13. 

Zinc 62 

Iron .... 3 

Lead - 5 

Arfenic .... 1 

Sulphur - - - - 21 

Alumine .... 2 

Water - 4 


98 

Black Blende: Zinc Sulpbure Noir , Haliy. — It is of a 
-reyilh or velvet-black colour, and fometimes brownifli- 
ilack. When tranflucent, it appears blood-red ; it is fome- 
times tarnilhed with various colours. It occurs maflive, dif- 
ferainated, and cryitallized, in the fame forms as brown blende ; 
internally it is (hining, fometimes fplendent ; and the luftreis 
adamantine, inclining to metallic. It has a foliated ftruc- 
ture, and fix-fold cleavage. The fragments are angular, and 
rather (harp-edged. It is almoft always opaque. The ftreak 
is intermediate, between yellowifti-grey and lightifli -brown : 
it is eafily frangible. The fpecific gravity varies with the ad- 
mixture of ingredients in this ore, from 3.9 to 4.1. Auri- 
ferous blende from Nagyag, as given by Muller, is J.39. 


The conftituent parts of black blende are as under ; 


Zinc 

45 

53 

Iron 

9 

12 

Lead 

6 

0 

Arfenic - 

1 

$ 

Sulphur - 

29 

26 

Silex 

4 

0 

Water - 

0 

4 


100 

100 


Blende is dillinguifhed from tin-ftone by its inferior bard- 
nefs ; it yields pretty eafily to the knife. It may be diftin- 
guiftied from other ores which refemble it, by the fulphure- 
ous odour which it yields when thrown into an acid, or 
triturated in a mortar. The common name given to this 
ore by the Englifh miners is Black Jack. It frequently 
occurs in the upper part of the metallic veins in Cornwall, 
that are rich in other ores below. Blende is not fo valuable 
an ore of zinc as calamine : it muft be freed from its fulphur 
by calcination before it can be applied to the making of brafis. 
Some blendes lofe one-fourth of their weight, others one- 
fixth by calcination. It has been for many years ufed for 
making brafs at Briftol as well as calamine ; but fo little was 
this application of it known in other parts of the kingdom, 
that in the year 1777 we are informed by Dr. Watfon, in 
his Chemical Eflays, that its ufe in Derbyflure was but re- 
cently difeovered ; and he was requefted not to divulge the 
purpofe to which it might be applied, probably to evade the 
dues on minerals payable to the duchy court of Lancafler. 



Addenda and Corrigenda 


TIN, Crystallized, a kind of manufacture faid to have 
been accidentally difcovercd in France by M. Baget, called 
metallic watering, or moire metallique. It depends upon 
the action of acids, either pure or mixed together, and in 
different degrees of dilution, on alloys of tin. The variety 
of defigns rcfemblcs mother-of-pearl, and reflects the 
light in the form of clouds. The procefs is this : — 
Firft, diffolve four ounces of muriate of foda in eight 
ounces of water, and add two ounces of nitric acid.— 
Second mixture $ eight ounces of water, two ounces of 
nitric acid, and three ounces of muriatic acid. — Third 
mixture ; eight ounces of water, two ounces of muriatic 
acid, and one ounce of fulphuric acid. One of thefe mix- 
tures is to be poured warm upon a fheet of tinned iron, 
placed upon a vefli'l of ft one-ware : it is to be poured on 
in feparate portions, until the {beet is completely watered ; 
it is then to be plunged into water, (lightly acidulated, and 
wafhed. The watering obtained by the action of thefe 
different mixtures upon tinned iron, imitates very clofely 
mother-of-pearl and its reflexions ; but the defigns, al- 
though varied, are quite accidental. By heating the tinned 
iron to different degrees of heat, (lars, fern-leaves, and other 
figures, are produced ; and by pouring one of the above 
mixtures, cold, upon a plate of tinned iron, at a red heat, 
a beautiful granular appearance is obtained. Thefe metallic 
waterings will bear the blow of a mallet, but not of a 
hammer ; hence the invention may be ufed for ernbofTed 
patterns, but not for thofe which arc punched. Different 
colours and fhades may be given by varni/hes, which, when 
properly polifhed, will fet off the beauty of the watering. 
When the tin is upon copper, the cryftallization appears 
in the form of radiations or ftars. M. Lewis Felix Vallet 
obtained a patent for an invention of this kind, upon 
delivering the following fpecification, Feb. 5th, 1818. 
The procefs of giving the new ornamental furface on 
metals or metallic compofitions, confifts in employing thofe 
acids and faline compounds and fubftances which chemically 
ad upon tin, and which, when employed in the manner to 
be ftated prefently, give to the metals or metallic compo- 
fitions to which they arc applied the appearance off a cryf- 


talline furface varioufly modified. To produce this effed, 
the metal or metallic compofition ought to be previoufly 
tinned, or covered with a thin coat of tin. If the metal 
be pure tin, it requires no previous preparation. All 
greafe remaining on the tinned furface in confequence of 
tinning is to be taken off with a folution of potalh, foap, or 
any otlier alkaline fubftances. The tin or tinned furfaces 
fhould then be wafhed with pure water, dried and heated 
to a temperature which the hand can beau. When the 
furface has thus been cleaned and heated, any of the acids 
which aft upon tin, or the vapours of thofe acids 
will caufe the defired appearance of cryftallization ; but 1 
give the preference to the following compofition, which 
may conveniently be laid over with a brufti or a fponge. 
Take one part by meafure of fulphuric acid, dilute it with 
live parts of water ; take alfo one part of nitric acid, and 
dilute it with an equal bulk of water, and keep each of the 
mixtures feparate. Then take tut parts of the fulphuric 
acid diluted in the manner before fluted, and mix it with 
one part of the diluted nitric acid, and then apply this 
mixed acid to the tin, or to the tinned furface with a 
pencil or fponge, as above direfted, and repent the appli- 
cation of the faid compofition for fcvcral times fuccefTivdy, 
or until the rcfult you expect proves fatisfactory. When 
this has been dune, the cryftalline furface may be covered 
with a varnifli or japan more or lefs tranfparent or colour- 
lefs, or coloured, and lallly polifhed in the ufuai manner. 
Mr. bhaw, of Brunfwick-fquare, purchafed this patent, 
and tin-plates were made under its prote&ion, at the manu- 
factory of Mr. Burnell, at Battcrfea. But the procefs 
being generally known among chcmifls, the manufacture 
declined, and the patent, for which a confiderable fum was 
paid, became of little value. 

Tin-j Plates* Add — The manufactory for tinning iron- 
lates was eilablifhed at Pontypool by major John Han- 
ury, where he refided until his death in 1734; and the 
invention of the art has by fomc perfons been crroneoufly 
aferibed to him. His monument may be feen in Trcvellin 
church. 



ADDENDA AND CORRIGENDA 

VOLTAISM, 1 . 13. — The general conclufion deduced 
by Galvani from his experiments was, that the animal body 
poffeffes an inherent electricity of a fpeciiic kind, which is 
connected with the nervous fyitem, and conveyed by mean* 
of the metals into the mufcles, fo as to throw them into 
convulfions. From his difeoveries he formed, with a preci- 
pitance that led him into error, a theory of mufcular 
motion, according to which the body contains an apparatus 
analogous to tbe Leyden phial, its different parts being 
in different Hates of electricity, and the metals forming 
a connexion between them, by which the ele&ricity is 
equalized. Fowler, in his “ Fffay on Animal Electri- 
city,” publi died in 1793, concludes, that the galvanic in- 
fluence is not referable to ele&ricity, hecaufe, for the pro- 
duction of the former, the prefence of two different metals 
appears to be neceffary, while electricity, as proceeding 
from the electrical machine, is excited by the aCtion of an 
electric upon a conductor. He alfo endeavours to (hew, 
fays l)r. Bollock, tin* ingenious hiltorian of galvanifm, that 
ele£tricity and galvanifm are not, in all cafes, conducted by 
the fame fubdaurcs ; and lie alio made fome curious obferva- 
tionr, upon tbe effect of galvanifm on animals not furnifhrd 
with dillin6t limbs, fnch as worms of various kinds. In the 
fame year, 1793, profeffor Volta’s communications appeared 
in the Philofophk al TranfaCtions of London, who adds to 
his luminous account of Galvani’s difeovery many curiouw 
experiments and obfervations of his own. He attempted, 
and with complete fuccefs, ftys Dr. Bollock, to overthrow 
Galvani’s opinion, that the animal body bears an analogy to 
the Leyd ui phial, its different parts Lei ig in oppolbe dales 
of eledtriciiy. H»* fuggeited, that fo,* the production of 
the effect it was eflentiai to ha\e two different rrv'tals ; and 
hence he was led to conclude, th;.< the mulcular conti ac- 
tions are produced by fmall portions of electricity that are 
libi*rater‘ by the aClion of the metals upon 1 aeh olh r. 
This aC.tion of the metals upon each other is dcfcrilv d as 
deftroying lh"ir electrical equilibrium ; and by cilabh flung 
a cormnunication between them, their equilibrium is reduc- 
ed. This dell fusion of equihl "ium he confident as a new 
law of electricity diicovercd b) himfelf ; and the animal is 
fuppofed to have no further concern in it, than as being a 
peculiarly fcnlible electrometer, and aflordiug a very delicate 
ted of tlie prefence of this dilengaged elc riricity in its 
paffage from one metal to tin* other. He alfo ellablifhed 
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another point, viz. that the nerve is the organ on which 
the galvanic influence immediately a£ts ; but lie found that 
if a part of a inufcle be laid upon two different metals, and 
thele be made to communicate, a contraction is produced. 
H' alfo confirmed the faCt, previoufly noticed by Fowler, 
but by independent experiments, that fn ails and worms 
could not be made to contract ; but that many of the in- 
ffCls, as butterflies and beetles, were fuhj *ct to the in- 
flue of the metals. For an account of Dr, Wells’s 
experiments and obfervations, we refer to his paper in 
the Phil. Tranf. for 1795. Profeffor Volta, proLcuting 
his inquiry into the nature of galvanifm, was led to intro*, 
dueo a new principle into his theory. Having before dated 
that two metals were effenlial to the extrication of the 
electric influence. In* informs us, that their m Gallic nature 
may be difpenfed with, provided that the fubltances differ 
in their power of conducting electricity. Accordingly he 
divides conductors into the two clafles of dry and modi ; the 
firll including metals and charcoal ; the latter, offcntially 
confiding of water, holding various fubdauces in folutmn. 
In order to form a galvanic circuit, it is neceffary that a 
body from one of thele clafles he placed between two bodies 
from the other clafs : and thus the equilibrium is d ftroyed, 
which is again rellored when the two are united by a con- 
ductor. (See Galvanism.) For further particulars we 
are under a neceffity of ref mrmg to Dr. Bollock’s very va- 
luable “ Account of th* Hiltory and prefent Hate of gal- 
vunifm,” 8vo. Loudon, 1819. 

At the cl ofe, add— It is n aural to conclude, that gal- 
vanic electricity would be applicable to m:d : cal purpVfbs, 
Accordingly we find, that about the year 1804, it was ox- 
tcnfivcly employed, more efpecially iu thofe difeafes in which 
common electricity had been found ufeful. But the ex- 
pectations that were formed concerning the efficacy of this 
powerful agent were generally dilappointed. Flattering 
accounts, however, fays Dr. Bollock, [vbi fufra) of its fuc- 
cefs in different nervous diforders, in paralytic affections, in 
deafnels, in fome kinds of blindnefs, in the recovery of per- 
fons apparently drowned or fuffocatcd, and even in hydro- 
phobia and infinity, were publiflied. But the credit of the 
propof.d medy \njs not permanent ; and it therefore funk 
into dilufe. Of late it has again been brought into notice 
by Dr. Philip of Worcefter, who lias made trial of it, with 
beneficial effect, in fpufmodic allhma. Bollock’s Hill. 



